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Fig. 3 - Treatment with rhIL-11 in nephrotoxic nephritis (NTN).
Treatment with high-dose IL-11 reduced expression of glom-
erular TGF-81 (A), glomerular «&-SMA (C), periglomerular
«-SMA (D), glomerular fibronectin (E) and periglomerular
fibronectin (F) in comparison with vehicle-treated rats. The
reduction in glomerular p-p38 MAPK(B) wasnotsignificant.

 
In this study, we have shown that treatment with a high

dose of IL-11 reduced glomerular expression of TGF-B1,
a-SMA and fibronectin in NTN. To our knowledge, the
present studyis the first demonstration that administration

of rhIL-11 mayalleviate glomerular expression of TGF-B1
activation of myofibroblasts and extracellular matrix depo-
sition in experimental glomerulonephritis.
In the kidney, myofibroblasts may derive from perivascular

smooth muscle cells, pericytes and interstitial fibroblasts,

after stimulation by cytokines such as TGF-$1 and IL-18
(15-17). Myofibroblasts are implicated in the development

© 2011 Societa Italiana di Nefrologia - SSN 1121-8428

of sclerotic lesions (18, 19). Adenoviral gene transfer of

soluble TGF-B1 receptorIl reduced the number of a-SMA
(+) cells and ameliorated interstitial fibrosis in NTN (20). In
our study, a-SMA was expressedinitially in the periglom-
erular area on day 4; however, its periglomerular as well as

mesangial expression was increased on day6, when thefi-
bronectin expression wasalso increased. The periglomeru-

lar o-SMA up-regulation can be attributed to myofibroblast

formation. Activated myofibroblasts become hypertrophic

and secrete extracellular matrix proteins, and this may lead
to glomerulosclerosis, fibrous crescent formation and tubu-

lointerstitial fibrosis (18).
Phosphorylation and activation of p88 MAPK was noticed

very early, only 5 hours after NTS induction, but most inter-

estingly, its activation happened in a repeated way. P-p38

MAPK expression was increased 5 hours after induction
of NTN, reduced to normal levels during days 2-4 and re-

lapsed on day 6. Transient inactivation of p-p38 MAPK may
be due to its interaction with MAPK phosphatases (MKPs).
MKPsare a family of protein phosphatases, which are re-

sponsible for the dephosphorylation and inactivation of

MAPKs. MKPsare activated simultaneously with MAPKs
(20, 21), and they may be responsible for p-p38 MAPKin-

activation. In the present study this inactivation seemed

to be transient, because p38 MAPKwasreactivated later,
probably as a result of cytokine and growth factor produc-

tion. To our knowledge, this dual activation of p38 MAPK
has not been described previously; however, more specific
studies are necessary to investigate it further.

There was only a small reduction in renal p-p38 MAPK ex-

pression in IL-11-treated rats. These results suggest that

glomerular expression of TGF-B1 and infiltration/transfor-
mation of myofibroblasts may proceed independently of

p-p38 MAPK,this is in accordance with a previous study,
which showed that p-p38 MAPK was not the only down-

stream signalling intermediate in the pathway from TGF-B1

to a-SMA (22). Also, administration of a TGF-B1 receptor
inhibitor (SD-208) resulted in the attenuation myofibroblast
transformation of lung fibroblasts, an effect that could not

be achieved by a p38 MAPKinhibitor(SD 282) (23).
In our previous report, both high and low doses of IL-11

reduced proteinuria and glomerular fibrinoid necrosis, but

had a different effect on glomerular macrophages(10). Dai-
ly treatment with a high dose (1,360 ug) of rhIL-11 reduced

the numberofinfiltrating macrophages; a low dose (800

yg) of rhIL-11 reduced only the numberof activated mac-
rophages, not the total number of macrophages. Based on
this reduction, the anti-TGF effect of IL-11 could be attrib-

uted to its anti-inflammatory properties, a mechanism that

has also been described for other agents (24). However,

109

Ex. 2001 - Page1544



Ex. 2001 - Page1545

Siangou et al: Anti-TGF effect of IL-11 in glomerulonephritisSLANTNNTTINNNUNNTNNUNNTNTNTTNT

the fact that low-dose rhIL-11 was enough to reduceIL-

1B production, and macrophageactivity, but not TGF-B1,
Qa-SMA and fibronectin expression, makes the position
more complicated. It seems that administration of rhlL-11
has the potential to reduce inflammation, even when giv-

en at lower doses, but this anti-inflammatory effect is not
enoughto justify its anti-TGF effect, which requires higher
dosage, andis also independent from p38 MAPK dephos-

phorylation and inactivation. One of the speculationsis that
the reduction in the number of glomerular macrophagesis

needed to reduce the TGF-81 expression. Further work is
needed to investigate this possibility.

Findings of the present study suggest that IL-11 has a

dose-dependenteffect in glomerular expression of TGF-B1,
myofibroblast differentiation and extracellular matrix depo-

sition in NTN. This finding may be of relevance to develop-
ment of possible new applications of IL-11 and also novel

treatment strategies in patients with glomerulonephritis.
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Studies were undertaken to characterize the mecha-

nism by which transforming growth factor-§, (TGR-§,)
stimulates epithelial cell interleukin (0L)-11 production.
Nuclear run-on studies demonstrated that TGF-6, is a
potent stimulator of DL-11 gene transcription. ToE-6,
also stimulated the luciferase activity in cells trans-
fected with reporter gene constructs containing mucle-
otides -728 to +58 of the 0-11 promoter. Studies with
progressive 5° deletion constructs and site-specific mu-
tations domonstrated that this stimulation was depend-
ent on 2 AP-.] sites between nucieotides —10G and —82 in

the [L-11 promoter. Mobility shift assays demonstrated
that TGR-8, stimulated AP-1 protein-DNA binding to
both AP-1 sites. Supershifé analysis demonstrated that
JunD was the major moiety contributing to AP-1-DNA
binding im unstimulated cells and that ec-Jun-, Fra-1l-,
and Fra-2-DNWA binding were increased whereas dhunD-
DNA binding was decreased in TGF-6,-stimulated cells.
The sequence in the UL-11 promoter that contains the
AP-} sites also conferred TGE-8, responsiveness, in a
position-independent fashion, om a heterologous mini-
mal promoter. Thus, TGE-6, stimulates IL-11 gene tran-
scription via a complex AP.l-dependent pathway that is
dependent on 2 AP-1 motifs betweenmucleotides —106
and -82 that fumetion as an enhancer in the IL-1}

promoter.

Interleukin-11 (L-11)' wasoriginaliy discovered as a solubie
factor in supernatants from transformed stromal cells that
stimulated plasmacytoma cell proliferation (1). It has subse-
quentiy been shown to be a pleiotropic memberofthe I-6-type
cytokine family that mediates its biologic activities via binding
to a multimeric receptor complex that contains the gp13a0 mel-
ecule (2-5). Among its many effects are the ability te regulate
hematopoiesis, stimulate the production of acute phase pro-
teins, induce thetis: ibitor of metalloproteinase-1, regu-
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late bone metabehsm, and alter epithelial proliferation (2,
6—10). Studies from our laboratcries and others have also dem-
onstrated that TL-11 can induce tissuefibrosis, regulate tissue
myocyte and myofibroblast accumulation, alter airway physi-
ology, and confer protection in the context of mucosal injury o!
the respiratory and gastrointestinal tracts (11-14).

tn keeping with the biologic importance of [L-11, a number of
investigators have studied its sites of production and the reg-
ulation of these responses. These studies demonstrated that
IL-11 is produced by a variety of stromal cells in response to a
varicty of stimuli, inchading cytokines, histarine, cosinephil
major basic protein, and r piratory tropic viruses (7, 15-20). A
prominent finding in our studies offibroblasts (18), epithelial
eclls (19). and osteoblasts (20) and studies by others of chon-
drocytes and synoviocytes (7) has been the importance of
TGEF-8 moieties in the stimulation of IL-11 production. These
studies also demonstrated that TGF-8, stimulation of IL-11
protein production is associated with proportionate changes in
IL-1] mRNA accumulation and, in our studies, IL-1] pene
transcription (18).

The IL-11 promoter has been cloned and the cis-elements
and trans-acting factors that regulate the levels of basal TL-11
production have been identified by cur laboratories (21). De-
spite the demonstrated importance of gene transcription in the
stimulation of IL-l) production, the cis-elements and trans-
acting factors that mediate the transcriptional activation of
TL-Li have not been investigated. To further our understand-
ing of the regulation of IL-11, studies were undertaken to
characterize the transcriptional elements utilized by TOP-6, in

stimulation of IL-11. These studies identify twe activating
n-1 (AP-1) motifs between —100 and —82 in the [1-11

promoterthat are essential for TGF-g-induced IL-1] transcrip-
tional activation. They also demonstrate that this stimulation
is associated with camplex alterations in the composition of the
AP-1 subunits that bind to these sites and that DNA which

contains these AP-1 elements confers TGR-6, responsiveness
on a heterologous promoter. Lastly they demonstrate that this
mechanism is stimulus-specific since respiratory syncytial vi-
rus (RSV) stimulates TL-11 transcription via a different
mechanism.
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EXPERIMENTAL PROCEDURES

Celi Culture and TGF-8, Stimulation
A549 human alveolar epithelial-like cells were obtained from the

American Type Oulture Collection (ATCC, Rockville, MD) and grownto
confluence in Dulbecco’s modified Hagle’s medium (DMEM) supple-
mented with 10% fetal hovine serum (22). Ai confluence, varying can-
centralions of recombinant human TGP-6, (1-10 ng/ml) (Rh & D Sy
tems, Minneapolis) or mediurs controls were added, and the«
incubated for up to 48 bh. At the desired poinis in time, superr
were removed and stered at —20°C, and nuc c harves
further usage (see below).
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TGE-8 Stumulates 4-11 Transcription

Nuclear Run-on Assay

  ve rates of genetranscription were assessed using mod
cations of protocols previously d xed by our laboratory (22-25).
A549 cells were incubated for 16 h under contral conditions, with
TGF-g, (10 ml), or after infection with respiratory syncyvial virus
(RSV) at a multiplicity of infection of 8 as described previously (17-19).

The eells (8 X 107 per condition) were then washed twice with ice-colduspended in t uffer (16
ram Tris-HC}, pH 24, 8 ron Meth, 2mm CaCh, 3 um dithbiothreite!
(DPT), 300 mma sucrose, 0.5% Triton K-100). The nuclei were then
harvested by centrifugation and resuspended tn 100 ul of storage buffer
(50 mMTris-HCl pH 8.4, 5 wm MeCl, 0.1 mm EDTA, 40%slyceral) and
stored at -80°C until farther utilized. Nylon membranes were pre-
pared carrying 20 yg each of isolated cDNA fragments encoding Tl-11

(a gift of De. Paul Schendel, Geneties Institute, Cambridge, MA) andpUCI1& without a cDNA i
using a slot-blotting apparatus ¢MINT.FEFOLD Tr Schleic ser &Schue
and baked in a vacuum oven (80°C for 2h). When ready, nuclei were
thawed on ice and pelleted in a microcentrifuge at 4 °C 30 s, and in
vitro transeription and RNA labeling were earried out in transeription
buffer (20 mm Tris-HCI, pH 8.3, 100 mM KCI, 4.5 mM MeCl,, 2mm DTT,

 

   

 

  
  

 

 
  

 
 

and 400 um each of ATP, OTP, and CTP) in the presence of 200 pCi of
la"@PLUTP (-3000 Ciummel, Amersham Corp.) and 20% ptyc
80 °C for 80 rain. TI ction was followed with a cold ch t
of 100 mv UTP for 10 rin at 86 °C. The reaction was then terminal

by incubatingwith stop buffer (50 mm Tris-HICL pH §3, 500 mu Nac,5 mM EDTA) with 200 us/ml RNase-free DNase I and 750 unites
RNasin (Bochringer Mansheim) at 20°C for 145 min. RNA was ox-
tracted with phenol/chicreform, precipitated, and washed 3 alcohol.
Dried RNA pellets were dissolved in equal volurnes of TE buffer (0 mm
Tris-HCl] and TimEDTA, pH 7.8), and radiaactivity was detarmined by
the mean of duplicate countings of 1-1 aliquots. Hybridization was
performed by incubating each membrane with equal numbers of counts
of radiolabeled RNA. The membranes were then washed at high strin-
gency, and binding was cvaluatcd using autoradiography.

 
 

  
 

  
 

   

 

 Primer Extension Analy,

A549 cells were incubated for 16 h with TGF-f8, (10 ng/m). T
supernatant e then removed, and poly(A)” RNA was isolated using
ohge(dT) affinity based methodolngy as deserthed (26, 27). Primer ex-
tension was ther ing a radiolabeled 20-h complemen-
tary synthetic oligonucleotide corresponding to oligonucleotides -11 to
+9 with respect to the tran ion start site. The 5’ end ofthe resulting
TL-1 mRNA was defined using the Molency murine leukersia virus

primer extension systen (Promega, Madison, WD as described by thmanutacturer. In this system the 5’ end-labeled oligonucleotide hybrid-
ized with the TL-11 mRNAand was utilized as a primer by the Moloney

 

 

  

 
 

 

 
 

      
 

    

murine leukemia virus reverse transcriptase which, in the presence of
deoxymuclestides, synthesized cDNA until the 5’ end of the mRNA was

  reached. The extended product was then resolved on an 8% uraal
polyaerviamide sequencing gel along with a known DNA sequence
ladder.

Plasmid Construction

A 786-bp Poul! fragment of the human IL-1] promoter was previ-
ousty isolated and cloned in our lahoratovies (21). This promoter frag-
ment contained uences between —728 and +58 relative to the  

 transcription start site defined above. It was cloned into the Smalsite
of the huciferase reporter gene vector pXP2-lue (ATCC) to generate the
construct oXP2-IL-11-7%

Preparation of 5’ Deletion Constructs
 Two techniques were used to ger ea series at 5’ deletions of the

pxP2-1h-11-75
28 parent construct. When appropriate restriction siteswere present, they were util m mutants. This

approach was utilized with the Aca the HinfT site ai

- 96. In both cases, the — 728 to +88 fragment of the TL-11 premoterwas subjected to enzyr the desired fragment was re-
cloned inte the vector pRP2-luc using standard approaches. When ap-
propriate restriction sites were net available Bal-31 exonuclease diges-
tion was employed to introduce etiens. This technique takes

  

 
 

 

 

  

 
 

advantage ofthe fact. that, Bal-21 degrades bath the 5’ and 8’ ends af
 double-stranded DNA without insertinginternal cleavages (28). Briefly,

Bamlil-linearized parent construct pXP2-TL-11-324 was incubated
with Bal-31 exonuclease for varying periods. BamHI linkers (New
England Biolabs, cataloguc number 1071, Beverly, MA) were then
added, and the DNA was subjected to BamHUXkhol double digestion

The DNA fragments with the various 5’ deletions were then se eu

by electrophoresis, electroeluted, and lpated into BaomHT/Xhol-
linearized pXP2-luc vector. Clones from the subsequent transformation
were sercened for insert siac, and DNA sequcneing was used to vorify
junction sequences for all clones that were chosen for further
utilization.

Through the combined efforts of bath approach

structs were prepared whose 5’ ends extended fromall cases, the 3' end was +58 relative to the tra
site.

  
 

 
  

5, a series of con-
728 to -8L. In

ription initiation

 
 

   

Site-directed Mutagenesis
Mutation of the AP-1 sites in the parent [L-11 promoter was per-

formed using the Muta-Gene M43 In Vitre Mutage Kat Bio-Rad,
catalog number 170-3580) based an Kunkel’s method (29, 40). The
$82-bp BomHVXhol fragment of Th-11 promoter was excised frors
pXP2-1L-11-324 and subcloned into M13 phage. The recombinant pha
BNA was then transformed into bacterial strain Escherichia coli CS236
{dut-, ung—, thi-, and relA—) to generate uracil-containing single-
stranded DNA. Such single-stranded DNA was allowed to anneal to
mutagenic primer, and second strand DNA was synthesized with T7
DNA palys and Ta DNA ligase. When transformedints bacterial
strain MV1190(dut+, ung+), uracil-containiny single-stranded DNA
template was degraded, and only newly synthesized mutation-bearing
second strand DNAwould propagate. The wild type and mutated AP-1
sequences are as follows: wild type &’ (distal) AP-1, 5TGAGTC! :

mutated 5’ (distal) AP-L, 5'-TGAcgaA-2'; wild type 3’ (pveximal) AP-1,5-TGTGTCA-3'; mutated 3) (oraximal) AP-1, 5/-TGPepa d-8”. All ofthe
AP-1 mutation constructs underwent DNA sequencing to verify the site
and axtent of the induced alterations.

   
   

  
  

 
    
  

   
   

 

Preparation of I.-C tikuc Constructs
A 156-bp BamHT/Xhol fragment from the herp mplox virus thy-

midine kinase (dk) minimal promoter/chioramphenicol acetyltrans-
ferase reporter gene construct ptk~CAT (81) was obtained from Dr.
Asuradha Ray (Yal siversity, New and subcloned inio the
BamHl and Xhol of the pXP2-luc reporter pene construct to
generate ptk-XP2. i cleotides (5'-GAT CCG AGG GTG AGT
CAG GAT GTG TCA GGC CGA AGCTT-3' and 5'-GAT CAA GCT TCG
GCC TGA CAC CTG ACT CAC CCT €G-3") were then synthesized and
annealed to forra a 38-bp DNA duplex with sticky ends cormpatible witt
the Bamlil site (' of herpes simplex virus th promoter) in ptk-XP2.
This insert contaiis a 27-bp DNA sequence of the IL-1) promoter 63

ta -77 relative to ranseriptia start site) that contains both the 5’ and

 
 

 
 
 

 
 

 
 
 

  
 

  

  PS in the correct ((sense! (pILsisC++ the.XP) and reverse(ant
(pIL1(—)tk-XP2) directions. DNA sequencing was perforrsed to veri
the sequence and orientation of DIVA insertion.

35
Nor

= <j 

Cell Transfection and Reporter Gene Assay
A549 cells were seeded at, 40-05 confluence and incubated aver-

nipht in DMEMwith high elucose and 10% fetal bovine serum. Trans-
feetions were performed using the DEAE-dextran method as described
proviously by our laboratory (22). Thecells were then incubated for 24h

in serum-free DMEMalone or in DMEMsupyplemented with TGP-#, (10
nefmb. In experiments where RSV was util d the A549 cells wereincuhated for 90 mis with RSV Gnultiplic shiom = 8) or appra-
priate medium control, washed, and then incubated for 24 h in serum-
free DMEM. At the endof these incubations, cell lysates weve prepared,

and luciferase activity was assessed on a Lumat luminometer using theLuciferase Assay System from Promega (Madison, WI
tions the construct pOMY-&-gal (CLONTECH, Palo Alto, CA) was als
included to contre! for transfection efficiency. The @-galactosidase ac-
tivity in uostivulated and stimulated cell Iysaies was characterisedusing the CPRGmethod as descrihed previously in 2)this laboratory (2%
The G.galactosidase levels were then used te standardize the me
ments of luciferase activity.
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Rlectrophoretic Mobility Shift Assay (EMSA} 
Preparation of Nuclear Extracts--Nuciear extracts were prepared
ing modifications of the techniques of Schreiberet ai. (82). Unstimu-

lated, TOP-A,-stimulated, and RSV-infected A549 ces were prepared
as noted above. At the desired points in time, the cells (107 per condi-
tion) were mechanically detached, suspended in Tris-buffered saline
freshly supplemented with protease inhibitors (1 uwe/ml leupeptin, 5
ue/ml aprotinin, and 1 mM phenylracthylsulfonyl fluoride), pelicted at
4°C, and resuspended, and swollen in solution A (10 mm HEPES, pH
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5508

79,10 mu KCl, 0.l mm EDTA, 6.1 mm EGTA, 1 mv DTT with freshly
added protease inhibitors as above) for 15 min on ice. Membrane lysis

xccomplished by adding 25 ul of Nonidet P-40 followed by vigorous
agitation. The nuclei were collected by eontrifugation, resuspended im
59 yl of solution B (20 mM HEPES, pH 7.9, 400 mu NaCl, 1 mm EDTA,
imM EGTA, 1 mm DTT and freshly added proteaseinhibiters as above),
and agitated vigerously at 4°C for 15 min. The membrane debris was
discarded, and the nuclear extracts were snap-frozen in small aliguots
and stored at —80 °C. rotein concentrations of the nuclear extracts
were determined using the DC Protein Assay System (Bio-Rad).

i probes
were used in these experiments. For the sake of simplicity, only the top
strand DNA sequences are dlustrated here. Four olhgonucleatide probes
were syoth ed using the oligonuclestide synt! liv at Yale
University. They include the following: (i) wild type 6’ AP-1 sequence in
the IL-1L promoter(5’ AP-1D (5'-GGGAGGGTGAGTCAGGATGTG-3’);
(i) mutated 5 AP-1 (6-GGGAGGGTGAcgsAGGATGTG-3); Gi) wild
type 3’ AP-1 sequence in the TL-11 promoter (6' AP-1) (5’-AGTCAGG-
ATGTGTCAGGCCGGCCC-3'); and (iv) mutated 3’ AP-1 (5’-AGTCAG-
GATGTceaAGGCCGGCCE.3)).

Four other cligonucleotides ware obtained from conmercial sources
(Stratagene, La Jolla, CA). They included the following: G) a classic
AP-1 oligonucleotide (5'-CTAGTGATGAGTCAGCCGGATC-3"); GD an
AP-2 oligonucleotide (5/-GATCGAACTGACCGCCCGCGGCCOCET-3).
Gi) an AP-3 cligonuclectide (6'-CTAGTGGGACTTTCCACAGATC-3"),
and Gv! as SP-1 oligonacleatide G' -GATCGATCQGGGCGGEGCGAT-
C39.
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straphoresis—EMSAs were performed using the techniques of
Se y ef af. (32). Radiolabeled double-stranded cliponucleotide
probes were prepared by annealing complementary oligonucleotides
and ond-labcling using [y“*PIATP and T4 polynuclestide kinase (New
England Biolabs). The laheled probes were purified by push-column
chromatography, diluted with TE buffer (10 mMTris-TICl, pil 8.0, 1 mm
EDTA) to the desired concentralion, and incubated with equal aliguots
of nuclear extract (2-5 ug) and 2 ugof poly idl-dC}-polyidi-dC! in a total
volume of 20 yl at room temperature for 1h. Resolution was accom-~
plished by electropheresing 10 ul of the reaction solution on vertical 6%
native polyacrylamide gels containing 2% elycerol using 45% TRE
buffer (28.5 mm Tris-HCl, 22.2 mmboric acid, (.25 mm EDTA, 5H 8.0).
Binding was assessed via autoradiopraphy.

Supershifi EMSA-—-Supershifi assays were used te determine which
members of the AP-1 family were involved in TGF,-stimulation of
TL-11 gene transcription. In tl studies EMSA were performed as
desevibed above except tt sotype matched rabbit polyclonal antibod-
ies against AP-1 proteins or contral preimmune antiserum were in-
cluded during the 1-h radiclabeled probe-extract incubation period. All
of the antibodies that were used were purchased from Sania Crox
Biotechnology (Santa Cruz, CA). They included antibodies that react
with all Jun family members (Pan-Jun) (catalogue number SC-44X),
JTunB (catalopue oumber 46%), JunD (catalopue number SC-74X), c-Jun
(catalogue nu 2 y members (pan-Pos) (cata-

  

  

 

 

 
 

 

  
  

 
 

 
 cr SC&22X): all Fos fa

logue number SC-254X), ¢-Fos {catalogue number SC-52%), FosB (cat-
alogue number 5U-48X), Pra-1 (catalogue number 50-605X), and Pra-2
(catalogue number SC604X).

 

   tory Syneytio£l Vi RSV) Preparation and In,
RSV (A-2% strain} was obtaincd from the ATCC. Steck virus was

prepared in permissive cell lines and titered, and A549 ceils were
infected with the virus as described previously by this laboratory
(17, 19).

 

RESULTS

TGF-B, and RSVStimulate [L-11 Gene Transc
vious studies from our laboratory demonstrated
a potent stimulator of HL-11 gene transcription in hmg fibro-
blasts (18) and that TGF-@, and RSVstirwulatc A549 alveolar
epithelial cell TL-11 protein production and mRNA accumula-
tion (17, 19). To determine if both stimuh augment IL-1] gene
transcription in A649 eclis. nuclear run-on assays were per-
formed, and the levels of IL-11 gene transcription were evalu-
ated at hase line, after TGF-8, stimulation and after RSV
infection. At base line, the levels of IL-11 gene transcription in
A549 cells were near the limits of detection with our assay (Fig.
i). In contrast, both TGR-8, and RSV caused significant in-
ereases in {L-11 gene transcription (Fig. 1).

 

 

TGF-68 Stimulates IL-Ii Transcription

incubation Conditions

pUG
}

1-41  
Fig. 1. Demonstration of the effects of TOP-2, aud RSV on

IL-1 gene transeription. A549ce ‘incubated in medium alone
(Control), stinvalated with TGF-; PPf) (10 nefinl), ar infected with
RSV. Twenty four hours later their nuclei were harvested, and gene
transcription was assessed as deseribed under “Experimental Proce-
dures ne fevels of TL-11 gene transcription are campared with tho
hybridization noted with pUC18 @UC) without a cDNA insort which
served as a negative control.

  
 

  

 

Characterization of the Transcription Start Site in the 11-11
Promoter-—Prior to initiating studies designed to define the
stimulation-respensive cis-eclements in the HTL-11 promoter,
primer extension analysis was used te characterize the tran-
scription initiation site in TGP-8,-stimulated A549 cells. A
single transcription initiation site was detected. This start site
was 154 bp upstream of the ATG (data not shown) and is within
i-2 bases of the start site previously described in unstimulated
PU-24 primate bone marrow fibroblasts by our laboratories
(20),

TGFP-8, Stimulates IL-11 Promoter Activity—To begin to
characterize the mechanism by which TGH-6, stimulates IL-1
gene transcription, transient transfection assays were per-
formed with a promoter-luciferase reporter gene construct con-
taining IL-1L1 promoter elements between nuclectides 7285
and +58 (relative to the transcription start site), The levels of
luciferase activity in A549 cells were evaluatedat base line and
after TGFR-8, stimulation. As can be seen in Fig. 2, only a
modest level of luciferase achivity was able te be detected in
unstimulated A549 cells. In contrast, TGF-8, was an impres-
sive, dose-dependent stimulator of the promoter activity of this
construct (ig. 2). This demonstrates that the -728 to +58

  
 

 

 
 

 

  

fragment of the TL-11 promoter contains TGE-8,-responsive5 & 1 oy

sequences.

Previous studies from our laboratory dersonstrated that
RSValso stimulates A549 cell IL-1L production and mRNA
accumulation (17, 19). The studies noted above demonstrate
that this stimulation is, at least in part, transeriptionally
mediated. To determineif the cis-elements in the [L-11 pro-
moter that respond to TGH-B, alsa respond to RSV, we com-
pared the ability of these twostimuli to stimulate the —728 to
+58 EL-1l1 promoter-luciferase construct. As noted above,
TGE-8 was a potent stimulator of this construct. In contrast,
RSV, an cqually potent stimulator of EL-11 transeription in
the run-on assays, did not stimulate this construct in an
impre! e fashion (data not shown). Thus, the response el-
ements between —728 and +58 in the TL-1L1L promoter arc at
least partially nulus-specific since they respond viger-
ously to TGE-6, bat not vizorously to RSV.

Definition of the TGF-G, Response Element in the [L-1i Pro-
moter—To define further the cis-element(s) in the IL-11 pro-
moter that responds to TGFP-f,, intrinsic restriction sites and
Bail-3i digestion were employed te obtain IL-11 promoterfrag-
ments that contain progressively larger 5’ deletions. These
promoter constructs were then cloned into our luciferase re-
porter construct, and their responsiveness to TGF-8, was as-
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TGF-68 Stimulates IL-Ii Transcription

RelativePromoterActivity(%) 
0 05 1.25 2.5 5.0 75 10.0

TGFConcentration (ng/ml)

  
fig. 2. TOR-§, stimulation of 0-11 promoter-luciferase activ-

ify. 4549 cells were transfected with wild type TL-11 promoter-lucal
erase constructs that contained IL-1] sequences exiending from nuc
otides ~728 to +58relative ta the transcription start site (pXP2-IL-11i-
728). The cells were then incubated for 24 h in the presence and/or
absence of the noted concentrations of TGE-@,; cell lysates were pre-
pared, and luciferase activity was quantitated as deseribed under “Ex-
perimental Procedures.” The buciferase activitics in the Lysates frors
ccs incubated with concentrations of TGF-8, <10 ng/ml are expressed
as a percent of the activity in lysates from eclls incubated with 10 np/ml
TGF-p,. The noted values represent the mean + SH. of three separate
determinations.

 
 

 

 

  
  

 

sessed. Constracts whose 5’ end extended from - 728 to —81

were penerated and tested. The parent (728 to + 58) and all of
the 5’ deletion constructs did not express significant levels of
luciferase activity in unstimulated A549 cells. TGF-6,, how-
ever, Was a potent stimulator of [L-11 promoter-driven lucifer-
age activity ia the parent construct (ig. 3). Interestingly, 5’
deletions extending from —728 to —100 did not significantly
alter TGH-8, responsiveness Ufig. 3). In contrast, deletions past
—100 markedly diminished TGE-8, responsiveness. When
stimulated with TGE-,, these constructs had <45% of the
TGF-6, inducibility of the wild type -728 to +58 parent con-
struct (Pig. 3). These studies demonstrate that elements that
are essential for TGF-8, induction exist proximal to nucleotide
— 100 in the £L-11 promoter.

Importance ofAP-1 Sites in TGP. B-mediated Transcriptional
Activation—iIngpection of the sequence immediately 3’ of 100
in the IL-11 promoter demonstrated two AP-1-like elements
separated by 3 base pairs (Fig. 4). To define the role that these
elements play in conferring TGF-8, responsiveness, constructs
were prepared that contained point mutations at these sites,
individually and in combination. Neither mutation caused a
significant increase in the basal levels of [L-11 promoter activ-

 

 

 

ity (Pig. 5). Individual mutation in the 5’ (distal) or 3’ Cproxi-5

mal) sites caused an approximately 75% decrease in TGF-y

responsiveness (Fig. 5). Interestingly, the simultaneous muta-
tion of both the 5’ and the 3’ AP-1-like sites abrogated TGF-f,
responsiveness in this system. These constructs had <5% ofthe
TGF-8, responsiveness of the wild type promoter-luciferase
construct (Fig. 5). These studies demonstrate that beth of these
AP.-1 sites play impertant roles in TGH-8,-induced [1-11
activation.

Effect of TGF-8, on AP-1 Protein-DNA Binding—To gain
additional insight into the trans-acting factors that bind to the
AP-1 sites in the IL-11 promoter, electrophoretic mobility shift
assays (EMSA) wore performed using labeled oligonucleotides
identical to the &' and 3' AP-1l-like sequences in the IL-it
promoter. At base line, protein-DNA binding was detected at
the 5’ site but not the 3° site (Fig. 6). TGF-6, stimulation
caused an impressive increase in binding to the 5’ site. This
stimulation was noted 2-6 h and peaked approximately 12-24
h after the addition ofTGP-, to the Ab49 cell cultures Wig. 6).
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TGF-8, stimulation also induced protein-DNAbinding at the 3’
AP-1 site in the [L-11 promoter. This induction had a slower
kmetic than the induction at the 5’ site. It was, however,
readily detected after 12-24 h of TGF-8,-coll incubation Gig.
&). In both cases, the protein-DNA binding was eliminated by
t 4 s unlabeled oligonucleotides encoding the
5’ AP-L site, 3’ AP-1 site, or a consensus AP-1 sequence but not
by oligonucleotides encoding NF-«B, AP-Z, or SP-1 sequences
(data not shown). When viewed in combination, these shucies

demonstrate that TGF-8, enhances AP-1 family protein bind-
ing to both the 5° and 3’ AP-1 sites in the IL-11 promoter.

Liffects of TGF-B, on AP-1 Subunit Composi
stand further the trans-acting factors binding to the AP-1 sites
in the TL-11 promoter, supershift EMSAs were performed using
antibodies to a variety of AP-1 farnily proteins. At both the 3’
and 3’ sites the importance of AP-1L farnily members was con-
firmed since anti-pan Jun and anti-pan Fos antibodies (anti-
bodies against all Jun proteins and all Fos family proteins,
respectively) caused impressive supershifts in this assay(Fig. 7
and data not shown). In addition, characteristic patterns of
AP-1 subunit usage were noted when selective antibodies were
employed. At base line, the binding to the 4’ IL-1 AP-1 site
was composed almost entirely of JanD AP-1 moieties Big. 7).
Interestingly, TGR-8, increased the contribution of c-Fun,
Fra-1, and Fra-2 proteins while simultaneously decreasing the
contribution of JunD proteins to the 5' AP-1-DNA binding.

{ cant alterations in c-Fos, FosB, and JunB were not noted
OLE jar alterations in AP-1 subunit binding to the 3’

site were noted (data not shown). These studies demonstrate

that TGR-6, stimulation of IL-L1 gene transcription is associ-
ated with impressive and selective alterations in the composi-
tion of the AP-1 moieties that bind to the IL-11 promoter. These
changes are characterized by an enhanced contribution from
c-Jun, Fra-1, and Fra-2 at the 5’ and 3’ sites and a simultane-
ous decrease in the baseline binding of JunD to the 5’ site.

TGP.B, Response Elements Confer Responsiver
imal Promoter Construct-——To understand farther the TGP-8,
response elements in the IL-1] promoter, studies were under-
taken to determine if they could confer TGF-/
on a minimal promoter-reporter gene construct. This was dene
by generating constructs containing EL-11 promoter fragments
between - 103 and —77, in the sense and antisense direction, in
series with the herpes simplex virus minimal promoter and
luciferase reporter gene. The activity of these constructs in the
presence and absence of TGF-8, was cormpared with the activ-
ity of the minimal promoter-luciferase construct under the
same conditions. The parent minimal promoter-luciferase con-
struct did not demonstrate significant levels of activity in the
presence or absence ofTGF-6, (Pig. 8). In contrast, TGR-5, was
a potent stimulator of the sense and antisense IL-11 promoter-
minimal prometer-Luc constructs Wig. 8). These studies dem-
onstrate that the sequences between —103 and —77 in the
IL-L1 promoter act as an enhancer and confer TGF-8, respon-
siveness on heterologous promoter elements.
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DISCUSSION

Studies from a nomber of Ishoratories have demonstrated

that TGF-2, is a potent stimulator cf IL-11 production. To
understand further the biology of IL-11, the mechanismof this
stimnlation was characterized. Naclear run-on studies demon-

strated that this stimulatory offect is, at least in part, tran-
seriptionally mediated, and transient transfection assays dem-
onstrated that TGH-§,is a potent stimulator of1L-11 promoter-
reporter gene constructs. Two AP-L motifs located between
nucleotides —100 and —82 in the IL-11 promoter were noted to
be necessary for this induction. In addition, a 25-base pair
nucleotide sequence that contains these AP-1 sites was able to
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IL-1] Prometer

Fic. 3. Effect of progressive 5' deletion mutation on the TGF-8, responsiveness of pXP-2-DL-11-728. Progressive 5' de
ricti were made in construct pXP-2-TL-11-728 using intrinsic res!

figure. They were then transfected inte A549 ceils, and the | 

  expressed as4percent ofthe activ:
ate determinations. 

-331 CCAGCCGGAC CCCCACCCAC AGTCGGGCCC CAGCGCTTGA GCCTGAGTGT

281 CTGCTCCGGC CCGTGGAGGT GGAGGGAGGG GACGCCAATG ACCTCACCAG

-231 CCCCTCTCCG ACCACCCCCC CCTTTCCCTT TTCAACTTTT CCAACTTTTC

~181 CIICCGTGCC CTCCTCCGAG CGCGGCGGCG TGAGCCCTGC AAGGCAGCCG

-131 CTCCGTCTGA ATGGAAAAGG CAGGCAGGGA acongaGncn COAIGTGTCA
-081 GGccaGccceT cceeTecesee cTGccceccece ccceecccecc ccaGeccecc

TATA box (—» Transcription InitiationSie
-031 PATATAACCC CCCAGGCGTC CACACTCCCT CACTGCCGCG GGCCCTGCTG 

020 CICAGGGCAC ATGCCTCCCC TCCCCAGCCE CGGGCCCAGC TGACCCTCGG

Fic. 4. Sequence of the TL-11 promoter iNustrating the tran-
seviption start site, the 5’ and 3' AP-1 sites, and the TATA box.

confer TGE-6, responsiveness on a heterolopoas minimal pro-
moter. Supershift EMSA demonstrated that JunD is the major
AP-1 protein binding prornoter DNA in unstimulated cells.
TGP-6, stimulation was associated with enhanced protein-
DNA binding te both AP-1 motifs with an augmented contri-
bution by e-dun, Fra-l, and Fra-2 proteins and a decreased
contribution by JunD proteins. These are the first studies to
investigate, in depth, the mechanisms that stimulate IL-Et
gence transcription. All in all, they demonstrate the importance
in this inductive response of complex alterations in AP-1 tran-
scription factors and a cis-enhancerelement that contains two
closcly approximated AP-1 motifs.

TGE-.8, is a pleiotropic cytokine with far reaching effects on
tissue homeostasis. Prorninent in this regard are its ability to
stimulatetissue fibrosis, regulate matrix molecuic claberation,
and inhibit tissue inflammation. In keeping with tts biologic
importance, a sipnificant amountofeffort has been directed atsip

 

 

charactorizing the mechanism(s} by which TGF-6 modiates its
biologic effects. Studies of TGF-6, regulation of cytokine pro-
duction (33), cell proliferation (84), and retinoic acid receptor
expression (35) have demonstrated that AP-1 activation can
play a major role in these processes. Our studies add to this

  

body of data by demonstrating that TGH-8, stimulation of
QL-11 elaboration is also mediated via an AP-1-dependent

TGF-68 Stimulates IL-Ii Transcription

GER

Relative Promoter Activity (%}
 stion mutations

tes and Bal-81 digestion. These mutants are illustrated in the left half of the
eiferase activities of these calls were quar

alone (open bars) or with TOF-B. (solid bars) aa described under “Experimental Procedures.” The luciferase activiti
 
 

ion for 24h in medium
deletion mutants are

tated after incubat
s oft

 
 

s of celis transfected with the unaltered parent construct. The noted values represent the mean + S.E. of three

100

90 OH untreated

H+ TGFS,80

70

60RelativePromoterActivity(%) & 40

30

20

10

0

wild type 3 AP-1 mutant5' AP-1 mutant double mutant

Fic. 5. Effect of AP-1 mutations on TGE-8, responsiveness.
Luciferase reporter gene constructs were prepared that contained TL-11
promoter sequences extending from --324 te +58 relative to the tran-
seviption start site MXP 324). They were then tran
A548 cells, and luciferase sessed in the presence
bars) ent. Compar-
isons were made of wild type constructs and construct: bh mutations
in the 5’ AP-1 site, 3’ AP-1 site, and both AP-1 sites (double mutant).
Luciferase activities are expressed as a percent ofthe activity inlysat
from calls transfected with the wild type construet and stimulated wi
TGY-6,. The noted values represent the mean + SB. of at least three
separate doterminations.

 
  

 
  7

and absence (open bars) of TGE-8, (10 ng/ml) treat:  
 

   
   ooh

pathway.
AP-T was imblally identified as a DNA binding activity im

HoLa coll extracts that bound to cis-clements within the pro-
moter and enhancer sequences of the human metallothionein
TIA gene and simian virus 40 (36). It is now a term that is used
to refer to dimeric proteins produced by the complex immedi-
ate-early gene family that couple a variety of extracellular
stimuli from the cell surface to the nucleus to initiate alter-

ations in gene expression and cell phenotype (37, 38). Investi-
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Probe Wel tf le 11-3"
Extract oe a a a ~ bbb + +
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Fic. 6. Electrophoretic mobility shift assay (EMSA) character-

izing the protein binding to the 5° and 3’ AP-1 sites in the TL-ti
promoter. 454 Hs wer incubat in medium alone or in the pres-ence of TOR p ° were prepar od
EMSA we stormed using oligenucleatides encoding the 5’ and 2’
AP-1 sites in the TL-11 promoter as described under “Experimental
Procedures.” The arrews highlight the shifted bands.

     

 

 

 

gations of these moieties have revealed a consensus binding
site for these dimers, the palindromic sequence, 5'-TGA(G/
OYTCA-3' (86). Our studies demonstrated that the sequence

between 160 and 6&2 plays a cruciial role in the transcrip-
tional activationof the IL-1 ion of this re-
gion revealed 2 classi ul (5°) AP-3
sequence) anda binding site that differs at a single nucleotide
(the proximal (3’) AP-1 sequence}. Both sites were shown te
bind AP-1 moieties. In addition, mutation of each AP-1 site
significantly decreased and the simultaneous mutation of both
AP-1 sites totally abrogated TGF-2,-induced IL-11 promoter
activation. Furthermore, oligonucleotides made up largely of
these 2 AP-1 sites conferred TGF-$, responsiveness upon a
minimal heterologous promoter. These studies demonstrate
that both AP-1 sites play important roles in IL-11 transcrip-
tional activation and the enhancer function of this crucial pro-
moter region. s is in keeping with studies of other genes
such as involucrin (39) and tissue factor (40) whose promoters
contain multiple AP-1 sites that play important roles in gene
activation.

TGF-8, is one of a number of stirmul: that induce epithelial
cel] IL-11 production imvitre. Previous studies from our laho-

ratory demonstrated that a variety of respiratory tropic viruscsso stimulate A549 cell production of EL-11 protein and the
vecumalation of TL-11 mRNA (17, 19. The studies in this
manuscript dermonstrate that RSV stimulates A549 cell IL-Lt
production via a mechanism thatis, at least in part, transerip-
tionally mediated. They also demonstrate that the magnitude
of induction of IL-11 induced by RSVis comparable to that seen
with TGP-8,. At the start of these studies, we hypothesized
that RSV and TGF-@, would activate the [L-11 promoter via
similar mechanisms. This did not, however, proveto betrue.
Although RSV was as potent as TGF-8, in the induction of
IL-1] protein production, mRNA accumulation, and gene tran-
scription, it did not efficiently stimulate the IL-11 promoter-
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Fic. 7. Characterization of the TOF-B,-induced alterations in
AP-1 subunit binding to the 5’ (distal) AP-1 site im the TL-11

promoter, A549 colls ware incubated in medisum alone or with Pal :(10 nefml) for the noted periods. Nuclear lysate

and supershift EMSA wereperformed astal Procedures.” A, compa Z I
seen with preimmune antiserum (Pre-immune), antibody that binds all
dun moieties (Pan-dtun Ab), antibody to JunB proteins GfunB Ad),
antibody to ¢-dun proteins (c-dun Ab), and antibody to JTunD proteins
(JunD Ab). B, comparisons ara made of the effects of antibedias that
bind to all Fos moieties (Fan-Foes Ab), antibadythat binds c-Fos proteins

(c-Fos Ab), antibody that binds FosB proteins FosB Ab), ntibody that
binds Fra-1 proteins (Fra-17 Ab), and antibody that binds Pra-2(Fra-2 Ab). In this figure the nonspecific band
arrows labeled yrinduced AP-L bindit
lighted by the beled B, and the supershift
lighted by the arrows labeled (.

73. 

  

  

 
 
 
 

  
 

 

reporter gene constructs used in these studies. This demon-
strates thai TGF-6, and RSVactivate the IL-11 promotervia
different mechanisms.It also provides insight into the stimulus
specificity of the pathways used to " aetivate IL-Li gene
transeription.

AP-1 proteins are made up of harmo- and heterodimers com-
posed of Fos, Jun, and ac i actor sub
(837), At least 24 different combinat:
(36). This complexity is the result of important tissue-specific,
stimulus-spccific, and temporally regullated difforonces in AP-1
subunit expression (86, 40, 41). This resultsi
that differ in their DNA binding capacit:
capacities, and biologic effects (42-44). Te gain insight into the
AP-1-mediated events involved in TGF-@, stimulation offL-11,
we used supershift gel mobility shi s to define the Fos
and Jun proteins ravelved in this inductive response. These
studies demonstrate that, in the absence of stimulation,dJunD
is the major AP-1 moiety that can be detected. This is in
keeping with studies from a numbor of different laboratories
demonstrating that JunD is constitutively expressed in a vari-
ety of cells and tissues (45) and studies from our laboratories
that demonstrate that dunD plays an important role in the
constitutive elaboration of IL-11 by PI34 cells (21). Our stud-
ies also demonstrate that TGP-f, stimulation is associated
with an inerease in c-fun, Fra-1, and Fra-2 and a decrease in

    
 

   
 , transactivation

 

   

 

  

Ex. 2001 - Page1552

9°
xSa

8aQa

dB
za

 
2a

sso

SIOZ‘T]JOquisaaoNUoABOpOTg[2D[OFXISU]2



Ex. 2001 - Page1553

5512
 

& 100
&
=
3 75
<

5
E50I

Ay
ve
2 25—d
x

z 0

Construct: ptkXP2 pILil(tk pIL11(-)tk
TGF: - + - + - +
Fic. 8. Demonstwation that the double AP-1 sequence in the

TL.11 promoter can confer TGE.f, respousiveness on a heterol-
ogous promoter. Luciferase reporter constructs were prepared th
contained the herpes simplex virus tk miniraal premoter and the
guence in the TL-i1 promoter fram nucleotide -103 to -77 (a stretch

that contains both APJ si e@ (DILI t+ t.anti oTLA Cae! s were transtec
inte 4549cells, and theluciferase activities in these cells were assessed
after incubation for 34h in mediumaloneor with TGF-6, (10 ng/ml). In
these experiments the responses of the TL-11 minimal promoter-lucif
erase constructs were compared with the responses of the parent tk-
minimal promoter-luciferase construct (ptkXP2). The luciferase activi-
ties in these experiments are expressed as a percent of the luciferase
activities in cells transtected with pf@L-1i(tuth and siinvilated with
TGE-p,. The noted values represent the meas + S.U. of a minimurs of
three separate experiments.

    
 

  
 

 
 
 

 
 

 

 

JunD-IL-11 promoter binding. These observations are in accord
with the knowninducthility of these AP-1 subunits and the well

documented stimulus‘specificity of AP-1 subunit induction (36,
40, 48, 44, 46, 47). ft is impossible to determine, from these
studies, the degree to which the TGP-f,-induced alterations in
c-fun, Pra-1, Pra-2, and/or FonD individually contribute to the
induction cfIL-1] studied in the present analysis. Ibis possible,
however, to lyypothesize that all may play an important role.
JunD is a potent transactivator but, in contrast to many other

AP-1 subunit moieties, is not induced in a major fashion byextracellular stimuli1, 45). The JunD homodimers that
would form in unstimulated cells under conditions of JunD
excess would therefore play an important role in the regulation
of basal IL-1 production bat be unable to meet the enhanced
transcriptional demands after TGF-2, stirnulation. In contrast,
TGE-8, stimulation enhances the contribution of c-Jun, Fra-1
and Fra-2 resulting in AP-1 dimers that are responsive to the
conditions of stimulation. The entry of e-fun, Fra-1, and Fra-Z
into the AP-L-DNA binding complex can thus be speculated to
be a key event underlying TGP-6,-stimulated transcription of
the TL-11 gene in AA49 cells. A similar transcriptional activa-
tion paradigm has becn proposed te oxplain the contribution of
AP-1 in the stimulation of tissue factor by serum in mouse
fibroblasts (40).

_ Our studies demonstrate that two closcly approximated AP-1
gin the IL-1] promoter play importantroles in the stimu-

lation of IL-1] gene transcription by TGE-f,. It is importantta
keep in mind, however, that transcriptional activation is fre-
quently a malti-factorial process that involves the concerted

and coordinated interaction of a number ofdifferent transcrip-on factors. This is well documonted for the AP-1 roicties that

re known to interact with a variety of other transcription

‘actors including nuclear factor-«B (NF-«<B), CREB, nuclear
actor IL-6 (NF-IL-6), liver regeneration factor-I (LRF-1), and

polyomavirus enhancer A binding protein-3 (PHA,) (36, 48).
The transcriptional activities of AP-i moieties are also regu-
lated by a variety of other proteins including the Jun dimeriz-
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ing orotein 87) and the Jun activation domain binding protein
1 (IAB(37). In aceard with this information,it is important to
point out that the present studies, while implicating AP-L in
the regulation of TGF-,-stimulated IL-11 transcription, do not
address the importance ofeach of these other moieties. It is

likely that additional mvestigations will demonstrate that
other cis- elements and/or trans-activating factors arc invelved
in the coordinated production of DL-LL under a variety of
clroumstances.

In summary. the present studics demonstrate that TGF-8,

stimulates IL-1] gene transcription in A549 cells and that thisstimulation is mediated via a complex AP-i-dependentactiva-
tion pathway. They also highlight two closely approximated
AP-1i sites in the IL-1] promoter that are essential for this
activation and demonstrate that DNA sequences that contain
these two sites can confer TGF-8, responsiveness on a heter-
ologous minimal promoter. Lastly, these studies demonstrate
that, in the absenceof TGP-f, stimulation, JimD is the major
AP-1 subunit involved in EL-11 promoter-protein binding and

that TGR-f8, stimulation is associated with increased edu,
2 and decreased JunD-DNA binding.

 

 

  Acknowledyments--We acknowledge the scientists and institutions
that provided the reagents that were employed. We thank Kathleen

Bertier for excellent secretarial and administrative assistance and 0Anuradha Ray and Prabir Ray for their frequent helpful suggestions.

 
 

Fg

REPERENCES

. Paul, S. B., Bennett, F., Calvetii, f. A. Kelleher, K., Woad, C. R., Ghayrra,
R. M. 5, Leary, A. C., Sibley, B., Clark, 8. C., Willams, D. A., and Yang,
¥-c (1990) Proc. Natl. Acad. Sct. A. 87, 1512-7516

X., and W“illiams, D. A. (1994) Blood 88, 2023-2030Que VF. d. (4992) Res. Triumuno.lp, N. ¥., Nye, S. Boulton, 'T. G., Davis, &., Taga.
: , &, Kishimoto, 't., Anderson, D. s,, Stahl, X,, andl Yaneopoul Sy(1992) Cell 69, 1191-11ae

, Gu, JFad. Lea, Z oY.Yasb, M, Taga, T
of, Exp. Med. wets 1337-Girasole, L

bee

 

 
     wmco
  
 
 

 

 

Q  a, KL, Yancopoulos, G. D., Turner,
e, R., and Klein, 8. (1994)   

 

 

m R. L., and Manolagas, 8. C. (1994) &. Clin.

B., Gana, V ba, M
C. 5. (1995) Frat. J. Con

V. FL d. (1994) Le
., Liehi, z. Turner, K., Gol» Ren. yp. Pathol. 84, 205-214

1. Tang, W., Geba, G. Zheng, T., Ray, [., Homer, K. J., Kuhn, ©, 1, Flavell,

R. A., and Elias, J. A. (1996) F Clr. Invest, 98, 9845285312. Redlich, A. A X., Rockwell, &., Kelley, M., and Elias, J. A. (1996)
fd. émimunol. si? i710

3. Du, X. X., Doerschuk, C. M., Ovazi, A,

393) df. Biel. Chem, 268, 21527 218284361

 
 
 
 

 

 Soco rman, 8. d., and Fagg,
  
 

nl on  and Williams, G. A. (1994) Blood 83,

 L., Sonis, S.'T., Pfeiffer, C. J., and Schaub, R. G.
ai. 1, 78-90
n, &. d.. Zheng, T., and Elias, d. A. (1996)

 

  
  
 
 

(1994) 5:
15. Rochester, C.

d. dmrnunol. 4449 -. 4456
ag, T., Nath i, M., and Blias, J. A. 1994) ed. Teimunul. 183, 4749-4752
son, O., Geba, G. B., hu, 4., Landry, ML, and Klias, d. A. (LO9@)

Tiuest. BT, DLE
J. A, Zheng, t., WwWPiei., Trow, aa K, Mersill, Ww. OW., diinik, R,P. a

 

 
 

 

  

 

  
 
 
 
  

 
: , Zheng,
Panuska, J. (1994).

20, Bias, J.A., Tang, W., aoa Horowitz.
2i. Yang, L., and Yang, Y.-C. (1994)-7.
22. “hu, 4., ‘Tang, W., Ray, A., Wu, ¥.,

dy, and Bilas, J. A. (1996) J. Clin. 2 st. BT, 421-480
23. Ehtas, J. A. and Lentz, V. (1990) #. fmumunol. 145, 161-166

i PD 9Rt fF Immunol. 148, 3437-3443
nol, 18S, 2161-2168

t. U.S. A. 6B, 1408--i
(i971) Proc. Natl. Acad. Sei.

va ,and
) Eudoerizology 138, 489-498

+. 269, 32732-82739
ny o, Landry, ML L., Gwaltney, J.,

  

 
  
  
 

 
 

28. Aviv, H., andi Leder, P
37. Edmonds, JWatn  a, ‘ML, Jy.,340 

 (Sambrook,
1 Barbor

boratory Man:
ad Kd, Coid  

29. Kunkel, T. A, Roberts, J. bb. and Zakour, &387-AK2
G. Kunkel, T. A. ¢

K. A. (1987) Methods Enzymol. 184,

  
   

i. UL S.A. 82, 468-492
L a g ad Scheal, P. B. (1990) Mol. Celt. Biol. 10, 5736-5
2. Scheeiber, E., Maithias, P.. Muller, M. M., and Schaffner, W. 1989) Nucle

Acids 1%, 6419
33. Takeshita, A., Chen, ¥., Watanabe, A., Kitano,

J. Immunol. 188, 419-426

  
  
 

S., and Hanawawa, S. (1998) 

Ex. 2001 - Page1553

dyewoypepeojumog
 

2a
55ao\
<22
Oa
=
om=
2=
2
&
g5
Zz°4
2BaoOa=
7
ywOo=
wn



Ex. 2001 - Page1554

TGE-8 Stumulates 4-11 Transcription 5513

  
  

 

A,, Tamai, K., and Uitto, J. 1 » of. Biod. 41. Lebr . DE erdegen, T., Seifert, K., Bravo. R., and Unger, T.

  
K., Kitano, S., and Hanazawa, S. (1994) J. Biol. 42, ., Lallemand, D., Cavills, ad Yaniv, M.

   76, 4
Treer, 

 
 

(1996) Tmmunol Celi Biol. 74, 121-182 43. Musti, A. M
87. Karin, MM. Liu, Z.-G., and Zandi, E. 1997) Curr. Quin. Ceil Biol. 8, 2 377, 6

F. A., and Bohmann, D. (1996) Biel. Chem.
   

  

3s. Xanthoudakis, ., and Curran, T. (1996) Ade. Exp. Med. Biol. 38%, 69-75 44, Wang, H. 264739. Welter, J. ¥., Crissh, J.¥., Agerwal, C., and Eckert, R. L. (1998) J. Biol. Chem. 5. Berger, f ;
270, 12614 12622 46. Ding, W. Q., Larsson, ©., and Alling, ©. (1996) Neurorepert 9, 2191-2195AO. Felts, 8. d., Stoflet, E. S., Eggers, C. T., and Getz, M. J. (1995) Biochemistry 34, 47. Wang, H., Xie, Z., ¢ R. E. (1996) F. Cell Biol. 125, 1151-1162

: 2862 48. Benhow, U., and B ine! fC. B. C997) Matrix Biol. 18, 519-826

dyewoypepeojumog
 

2a
55ao\
<22
Oa
=
om=
2=
2
&
g5
Zz°4
2BaoOa=
7
ywOo=
wn

Ex. 2001 - Page1554



Ex. 2001 - Page1555

# The Journal of
Rivlngical Chemistry 

Transforming Growth Factor-B Stimulates
Interleukin-11 Transcription via Complex
Activating Protein-1-dependent Pathways

Weiliang Tang, Liu Yang, Yu-Chung Yang,
Shawn X. Leng and Jack A. Elias
J. Biol. Chem. 1998, 273:5506-55 13.
doi: 10.1074/jbc.273. 10.5506

Access the most updated versionof this article at htip:/Avww.ibe.org/cantenh/2735/1 S508

Find articles, minireviews, Reflections and Classics on similar topics on the JB Affinity Sites.

Alerts:

» When this arficie is cited a
° When a correction jor this article is pasted

Glick here to choose from all of JBC's e-mail alerts

This article cites 46 references, 23 of which can be accessedfree at
nitov/wenwjoc orc/eantent2/7G/1 O/5506 full nimitrer-tist | STOT‘T]JOquiaAoNUoASOpOTg][]2D[OFAISU]WeBawselwavydyeWoypapeopumog

Ex. 2001 - Page1555



Ex. 2001 - Page1556

Downloaded Tron nipvwwwcclorg on February 26, 201b): Bio vdkdot or PGT YOLIS ty

Targeted Expressionof IL-11 in the Murine Airway Causes Lymphocytic
Inflammation, Bronchial Remodeling, and Airways Obstruction

Weiliang Tang,* Gregory P. Geba,* Tao Zheng,* Prabir Ray,* Robert J. Homer,*8 Charles Kuhn II," Richard A.Flavell,'
and JackA. Elias*

*DepartmentofInternal Medicine, Section ofPulmonary and Critical Care Medicine, Department ofPathology, and |Depariment of
Immunobiology, Yale University School ofMedicine,New Haven, Connecticut 06520;'VA-CT Health Care System, West Haven,
Connecticut 06516; and Department ofPathology, Brown University School ofMedicine,Memorial Hospital ofRhode Island,
Pawtucket, Rhode Island 02860

Abstract

Interleukin-11 is a pleotropic cytokine produced by lung
stromalcells in response to respiratory viruses, cytokines,
and histamine. To further define its potential effector func-
tions, the Clara cell 10-kD protein promoter wasused to ex-
press IL-11 and the airwaysof the resulting transgene mice
were characterized. In contrast to transgene (—) littermates,
the airways of IL-11 transgene (—) animals manifest nodu-
lar peribronchiolar mononuclearcell infiltrates and impres-
sive airways remodeling with subepithelial fibrosis. The in-
flammatory foci contained large numbers of B220(+) and
MHC Class II(+) cells and lesser numbers of CD3(+),
CD4(+), and CD8(+) cells. The fibrotic response contained
increased amounts of types III and I collagen, increased
numbers of « smooth muscle actin and desmin-containing
cells and a spectrum of stromal elements including fibro-
blasis, myofibroblasts, and smooth muscle cells. Physiologic
evaluation also demonstrated that 2-mo-old transgene (+)
mice had increased airways resistance and non-specific air-
ways hyperresponsiveness to methacholine when compared
with their transgene (—) littermates. These studies demon-
strate that the targeted expression of IL-11 in the mouseair-
way causes a B andTcell-predominant inflammatory re-
sponse, airway remodeling with increased types III and I
collagen, the local accumulation of fibroblasts, myofibro-
blasts, and myocytes, and obstructive physiologic dysregu-
lation. IL-11 may play an importantrole in the inflamma-
tory and fibrotic responses in viral and/or nonviral human
airwaydisorders. (J. Clin. Invest. 1996. 98:2845-2853.) Key
words: epithelial cell + fibrosis + cytokine « myofibroblast -
collagen

Introduction

Obstructive airways disorders are a major cause of morbidity
and mortality, with asthma affecting ~ 9-12 million people
(1, 2), chronic obstructive pulmonary disease (COPD)affect-
ing 12-14 million people (3), and bronchiolitis and bron-
chiectasis affecting large numbers of people (4, 5) in the
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Medicine, Section of Pulmonaryand Critical Care Medicine, Depart-
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United States alone. Chronic airway inflammation and airway
remodeling (defined as fibrosis, matrix alterations, and/or
changes in structural or resident cells of the airway wall) are
important features of these disorders (3-11). However, ihe
pathogenetic mechanisms that generate these responses and
the relationship between these responses and the physiologic
dysregulation characteristic of these disorders are poorly un-
derstood.

Respiratory viruses play an important role in obstructive
disorders of the human airway. Viruses are important precipi-
tants of asthmatic exacerbations (6, 12-15) and maysimilarly
exacerbate COPD (16). In addition, epidemiologic investiga-
tions have demonstrated important associations between infan-
tile viral infections and the existence of asthma (12, 13, 17, 18),
and pediatric infections and COPD (16, 19)in laterlife. These
viral effects are [elt to be mediated via a number of mecha-

nisms, including the induction and modulation of local inflam-
mation (10, 12, 20). Virus-stimulated cytokine production is
increasingly understood to play a prominentrole in the gener-
ation of these inflammatory abnormalities (6, 21-23). The con-
tribution(s) that each virus-stimulated cytokine makes to the
pathologic and physiologic abnormalities characteristic of viral
infections in hosts with normal and obstructed airways has,
however, been inadequately investigated. In addition, we
knowlittle about the mechanism(s) by which pediatric viral in-
fections and virus-induced cytokines predispose to airways dis-
orders in laterlife.

IL-11 was initially discovered as a plasmacytomaprolifera-
tion stimulating activity in supernatants from transformed
marrowfibroblasts (24, 25). In accordance with this finding,
most studies of IL-11 have focused onits roles in hematopoie-
sis (25). IL-11 has, however, been shown to have a variety of
otherbioactivities, including the ability to stimulate the acute
phase response (25), augment the production of metallopro-
teinase inhibitors (26, 27), increase immunoglobulin produc-
tion (25, 28), and alter neural phenotype (29). Previous studies
from our laboratory demonstrated that human lung fibroblasts
and epithelial cells produce IL-11 in response to cytokines (IL-1
and TGF-8,), histamine, and viruses that have been epidemio-
logically associated with asthmatic exacerbations (rhinovirus,
respiratory syncytial virus [RSV], and parainfluenza virus type
3, [PIV3]) (21, 30, 31). Our studies have also demonstrated
that IL-11 can be found in the nasal secretions of children with

viral upper respiratory tract infections and that IL-11 induces

1. Abbreviations used in this paper: AHR, airways hyperresponsive-
ness; BAL, bronchoalveolar lavage; CC10, clara ccll 10-kD protcin;
COPD,chronic obstructive pulmonary disease; MCh, methacholine;
PIV3, parainfluenza virus type 3; RSV, respiratory synctialvirus.

2845Transgenic Expression of Interleukin-11 in the Mouse Airway
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airways hyperresponsiveness (AHR) when inhaled in a tran-
sient fashion into murine lungs (23). As a result of these obser-
vations, we postulated that IL-11 plays an importantrole in the
pathogenesis of human airway disorders, particularly those
that are associated with viral infections.

In keeping with the chronic nature of disorders such as
asthma, COPD,bronchiectasis, and bronchiolitis, we addressed

this hypothesis by defining the respiratory tract manifestations
of IL-11 whenchronically present in the respiratory tract. This
was done by generating and evaluating the airways of trans-
genic mice in which the Clara cell 10-kD protein (CC10) pro-
moter was used to target [L-11 to the respiratory tree. These
studies demonstrate that IL-11 causes impressive airway alter-
ations with transgene (+) animals manifesting a nodular B and
T cell-predominant peribronchiolar inflammatory response,
bronchial remodeling with subepithelial fibrosis, and physiologic
dysfunction characterized by airways obstruction and nonspe-
citic AHR.

Methods

Production and identification of transgenic mice. To study the effec-
tor functions of IL-11 in the airway, we look advantage of the fact
that the murine respiratory tract epithelium contains 50-60% clara
cells (32, 33). As previously described (32), we used the promoterof
the CC10 geneto target the expression of human IL-11 to airwaytis-
sues. The rat CC10 promoter wasa gift of Drs. Barry Stripp and Jef-
frey Whitsett (34). It was isolated as a 2.3-kb HindIII fragment and
subcloned into the HindIIIsite of construct pKS-SV40, yielding con-
struct pKS-CC10-SV40. pKS-SV40 had been previously prepared by
inserting a 0.85-kb BglII/BamHI fragment containing SV40 intronic
and polyadenylation sites into the BamHIsite in construct pBlue-
script IIKS (Stratagene Inc., La Jolla, CA). The cDNA encoding hu-
man IL-11 was a generousgift of Dr. Paul Schendel (Genetics Insti-
tute, Cambridge, MA). It was isolated as a 1.2-kb EcoRI fragment,
endfilled with Klenow enzyme and subcloned into the EcoRVsite in
pKS-CC10-SV40 using standard techniques. All constructs were
checked for correct orientation of the inserts by restriction enzyme
digestion, and junction sequences were confirmed by sequencing. The
resulting CC10-IL-11-SV40 construct was purified, digested with Asp
718 and BamHIto generate the CC10-IL-11-SV40 fragment(Fig. 1),
separated by electrophoresis through 1% agarose, and isolated by
electroelution into dialysis tubing. The DNA fragment was then puri-
ficd through Elutip-D columns following the manufacturcr’s instruc-
tions (Schleicher and Schuell, Inc., Keene, NH) and dialyzed against
injection buffer (0.55 mM Tris-HCI/25 mM EDTA,pH 7.5). Trans-
genic mice were prepared in (CBA X CS7 BL/6) F, eggs using stan-
dard pronuclearinjection as previously described (32, 35). The pres-
ence or absence of the transgene was cvaluated in offspring animals
using tail-derived DNA. This wasinitially done by Southern blot
analysis using P-labeled IL-11 cDNA as a probe. Similar results
were obtained by PCR using 5'’-CGACTGGACCGGCTGCTGC-3’
and 5’-CTAACTAGGGGGAGATAATGGCGGGGGGA-3’ as up-
per and lower primers, respectively. 35 cycles were performed. Each
cycle was heated at 95°C for 1 min, annealed at 63°C for 1 min, and
elongated at 72°C for 2 min.

Asp 718 BamHI

 
  rat CC10 promoter human IL-LPcDNA—S¥40 sequence

Is * +t 0.85 kb >

Figure 1, Schematic illustration of CC10-IL-11 construct used in the
preparation ofthe transgenic mice described in this manuscript.

 
2.3 kb 1.2 kb
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Bronchoalveolar lavage and quantification of IL-1] levels. Mice
were killed via cervical dislocation, a median sternotomy was per-
formed, blood was obtained via right heart puncture and aspiration,
and serum wasprepared. The trachea was thenisolated via bluntdis-
section and small caliber tubing was inserted and secured in the air-
way. Three successive washes of 0.75 ml PBS with 0.1% BSA were
then instilled and gently aspirated. Each bronchoalvcolar lavage
(BAL)aliquot was centrifuged and the supernatants were harvested
and stored individually at —70°C until ready to be used. The levels of
IL-11 in the BAL fluid and serum were quantitated immunologically
via ELISAand biologically using the B9.11 plasmacytomaprolifera-
tion bioassay. The ELISA was pcerformcd as previously described by
our laboratory (21, 30) using antibodies 11h3/15.6.1 and 11h3/19.6.1
provided by Dr. Edward Alderman (Genetics Institute). The bioas-
say was also performed as previously described by our laboratory
(36, 37) using B9.11 cells also provided by Genetics Institute. Since
both IL-6 and IL-11 can stimulate B9.11 cell proliferation, this assay
was performed in the presence and absenceofneutralizing antibodies
against IL-11 (a gift of Dr. Alderman) and IL-6 (a gift of Dr. Pravin
Sehgal, New York Medical College, Valhalla, NY) to assess the rela-
tive contribution of each of these moieties.

Northern analysis, Total cellular RNA from a variety of mouse
tissues was obtained using guanidine isothiocyanate extraction and
formaldehyde-agarose gel electrophoresis as previously described
(21, 30). IL-11 gene expression was assessed by probing with **P-
labeled IL-11 cDNA. Equality of sample loading and cfficicncy of
transfer were assessed via ethidium bromidestaining.

Histologic evaluation. Animals were killed via cervical disloca-
tion, median stenotomies were performed, and right heart perfusion
was accomplished with calcium and magnesium-free PBSto clear the
intravascular space. The heart and lungs were then removeden bloc,
inflated with 1 cc neutral buffered 10% formalin, fixed overnight in
10% formalin, embedded in paraffin, and sectioned and stained. He-
matoxylin and eosin, and Mallory’s trichrome stains were performed.

Morphometric analysis. Morphometric study was carried out on
mice aged 15 d, 1 mo, and 2 mo. The thickness of the walls of small
airways from the base of the columnarepithelium to the outerlimit of
the adventilia was measured using an eye-piece reticle. Bronchioles
< 250 jm in diameter that presented a closed circular or oval profile
were sclected and all measurements were made at 400 magnification
to the nearest whole micrometer. The wall thickness was routinely
evaluated at two points on opposite sides of the short axis of the ellip-
tical profiles and measurements were made at locations where cell
borders appeared sharp to minimize tangential sectioning. 5-12 air-
ways were measured per mousc, mean 8.4. The presence or absence
of lymphoid nodules was recorded for each bronchiolar profile,
whether or not it was considered appropriate for measuring wall
thickness. Statistical evaluations of the morphometric results were
performed by the Bonferonni multiple comparisons test using Instat
software for the Macintosh.

Immunohistochemistry. Animals were killed, the vascular tree
was perfused, and the heart and lungs were removed en bloc as de-
scribed above. Thetissues were then processed using a numberof ap-
proaches. For evaluations of cell surface markers and subepithelial
airway cellularity, lungs were inflated with 1 < PBS/33% (vol/vol)
OCTtissue-tek compound (Miles Laboratories, Inc., Elkhart, IN)
and snap frozen in OCT by submersion inlo 2-methylbutane cooled
with dry ice. Tissue sections were cut, transferred onto silane-treated
glass slides, fixed with acctone for 15 min, and stained with various
antibody reagents as previously described (32). Sections were
blocked with avidin-blocking kit (Vector Laboratories, Inc., Burlin-
game, CA) and BSA before reaction with the desired biotinylated
primaryantibody. The slides were then washed three times (in 0.1 M
Tris buffer, pH 7.5) and the tissue sections were incubated with a pre-
diluted streptavidin-alkaline phosphatase solution (Vector Laborato-
ries, Inc.) for 1 h. The sections were washed and developed using
Vector red staining (Vector Laboratories, Inc.) in accordance with
the manufacturer’s instructions. The slides were counter stained with
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Meyer’s hematoxylin, and then mounted with aqueous histologic
mounting medium (Zymed Laboratories, Inc., So. San Francisco, CA).

For types I and III collagen immunostaining, mouse lungs were
chilled in acetone containing protease inhibitors (20 mMiodoaceta-
mide and 2 mM phenylmethy] sulfonyl fluoride) at —20°C for 16-20 h.
The lungs were then chopped into ~ 2 x 5 X 6 mm}pieces and im-
mersed three times in glycol methacrylate (GMA) monomerat 4°C
for 6 h. The samples were then embedded in GMAaccording to the
manufacturer’s instructions (JB4 Embedding Kit; Polysciences Inc.,
Warrington, PA) and 2-p.msections were cut and transferred onto si-
lane-treated glass slides. Immunohistochemical staining was under-
taken as described above cxccpt that scctions were treated with 1M
citric acid (pH 3.0) for 2 h beforestaining, and primary antibody incu-
bation took place at 4°C overnight.

The antibodies that were employed and their sources are listed
below. Theyincluded antibodies to (D3, CD4, CD& (Gibco Labora-
tories, Grand Island, NY), Mac-1 (Pharmingen, San Diego, CA),
B220 (Pharmingen), MHC Class II(a gift from Dr. Kim Bottomly,
Yale Universily), type I collagen (Chemicon International, Inc., Te-
mecula, CA), type III collagen(a gift from Dr. J. Madri, Yale Univer-
sity), a-smooth muscle actin (Sigma Chemical Co., St. Louis, MQ),
and desmin (Sigma Chemical Co.).

Electron microscopy. Fragments of lung from three age- and sex-
matched littermate pairs were fixed in 3% gluleraldehyde, postfixed
in osmiumtetroxide, and embedded in Epox 812 (Ernest F. Fulham,
Inc., Latham, NY). Tissucs were then cut onto grids, stained with ura-
nyl acetate and lead nitrate, and examined in a Philips 300 micro-
scope (Philips Electronic Instruments, Inc., Mahwah, NJ).

Physiologic evaluaiion of transgenic mice. Age, sex, and weight
matched littermate mice were anesthetized with pentobarbital (90
mg/kg) and tracheostomized with an 18-gauge angiocatheter. Air-
ways resistance was then measured using a modification of the tech-
niques described by Martin et al. (38) as previously described (32).
With these techniques, the changes in the lung volumes of anesthe-
tized and tracheostomized mice were measured plethysmographically
by determining the pressure in a Plexiglass chamber using an inline
microswitch pressure transducer. Flow was measured by differentia-
tion of the volume signal and transpulmonary pressure was deter-
mined via a second Microswitch pressure transducer placed in line
with the plethysmograph and animal ventilator. Resistance was then
calculated using the method of Amdur and Mead(39). Theresistance
of the tracheostomycatheter was routinely eliminated. Baseline mea-
surements of pulmonary resistance were obtained by ventilating the
mouse in the plethysmograph at volumes of 0.4 mlat a rate of 150
breaths per minute (scttings previously shown to producc normalar-
terial blood gases in this species) (38). Bronchial reactivity was also
assessed using noncumulative methacholine challenge procedures as
previously described by our laboratory (32). In this procedure, in-
creasing concentrations of methacholine (MCh) in PBS were admin-
istered by nebulization (20 one-mlbreaths) using a Devilbiss Aerosonic
nebulizer (Model 5000; DeVilbiss Health Care, Somerset, PA) that
producesparticles 1-3 1M in diameter. Pulmonaryresistance wascal-
culated precisely 1 min later. Stepwise increases in MCh dose were
then given until the pulmonary resistance, in comparison with the
baseline level, had at least doubled. All animals received serial three-
fold increases in MCh from 1 to 100 mg/ml. The data are expressed as
the PCio (provocative challenge 100), the dose at which pulmonary
resistance was 100% above the baseline level as calculated bylinear
regression analysis.

Statistical analysis. Values are expressed as means+SEM.Unless
otherwise noted, group means are compared with the Student’s two
tailed unpaired / test using the StatView software for the Macintosh.

Results

Generation of transgenic mice. To generate transgenic mice in
which IL-11 is overproduced in a lung-specific/selective fash-
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Figure 2. Southern blot analysis of CC10-IL-11 mice. Tail DNA was
obtained and the presence or absence of the CC10-IL-11 construct
was determined using Southern blot analysis as described in Methods.
The results obtained using tail DNA from transgene (+) founderani-
mals (lanes 2-8) are compared with a transgene (—) littermate (lane
2) and copy numbercontrol (lanes 9-12).

ion, pronuclear microinjections of the CC10-IL-11-SV40 con-
struct were performed on two separate occasions. From these
microinjections, seven animals with transgene copy numbers
varying between 1 and 70 were obtained (Fig. 2). These
founder animals were bred with C57 BL/6 mice andthe trans-

gene status of these offspring were similarly analyzed. This
analysis demonstrated that the transgenes passed on to the off-
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Figure 3. Northernblot analysis of IL-11 mRNAexpression in mouse
organs. Total cellular RNA wasisolated from the noted organs of
transgene (+) CC10-IL-11 mice and the levels of IL-11 mRNA char-
acterized using Northern blot analysis as described in Methods. The
IL-11 mRNAintotal cellular RNAfrom the differenttissues is com-

pared with the IL-11 mRNAin TGF-@, (10 ng/ml)-stimulated human
lungfibroblasts (Hu /1.-77 control). Ethidium bromide controls are in
bottom panel.
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Figure 4, Levels of immunoreactive IL-11 in BALfluid and serumof
transgene (+) and (—) littermates. The noted values represent the
mean+SEM ofthe evaluations of four separate pairs of transgene
(+) and (—)littermates (*? < 0.01 vs. serum of transgene (+) ani-
mals and BAL andserum oftransgene (—) animals; paired ¢ test).

spring of these founder animals in a Mendelian fashion. Of
these founders, lines 2-12 and 3-2 were chosen for more exten-

sive analysis. Since they manifest similar pathologic, immuno-
logic, and physiologic abnormalities, they will be discussed in a
unified fashion.

Organ specificity and intensity of IL-11 gene expression and
protein production. To determine if the CC10-IL-11 transgene
was appropriately expressed, Northern analysis was used to
compare the levels of IL-11 mRNA in the lungs and extrapul-
monary organs of transgene (+) and (—) littermates. IL-11
mRNAwasreadily detected in the lungs of transgene (+) ani-
mals, but could not be appreciated in the lungs of transgene
(—) animals (Fig. 3 and data not shown). In accordance with in
vitro studies using fibroblasts and epithelial cells (21, 30), this
IL-11 mRNAappeared to have one major and one minortran-
script. IL-11 gene expression also appeared to be appropri-
ately targeted to the lung since human IL-11 mRNAwasnot
detectable in the RNA from a variety of extrapulmonary organs
(Fig. 3). In all cases, IL-11 mRNA appeared to be appropri-
ately translated since IL-11 was easily detected immunologically
and biologically in the BALfluid of the transgene (+) animals,
but not in the serumof transgene (+) animals or the serum or
BALfluid of transgene (—) littermates (Fig. 4 and Table I).

Table I. IL-11 Bioactivity in BAL Fluids From Transgene (+)
and (—) Animals 

PH]-Tdr incorporation?

 

Incubation conditions* Noantibody + Anti-IL-11

BAL(—) 3,178 £3,708 1,705+166
BAL(+) 57,38325,351 5,568+378
BAL(+) 52,96044,717 6,189+5,507
Negative control 1,8964+101 _

*BAL were performed on transgene (+) and (—) littermate F, progeny
of IL-11 transgenic mice. *B9.11 plasmacytoma [?H]-Tdr incorporation
assessed in the presence and absence of anti-IL-11. BAL plasmacy-
toma-stimulating activities are compared with the proliferation (PH|-Tdr
incorporation) of B9.11 cells incubated in medium alone (negative con-
trol). Values represent the mean+SEMoftriplicate determinations.
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Figure 5. Histologic abnormalities in airways of CC10-IL-11 trans-
genic mice. The lungs of transgene (+) and (—) animals werere-
moved, fixed, and evaluated using hematoxylin and eosin and
trichromestains. The histologic appearanceofthe transgene (_ )
mouse lung (A) is compared with the peribronchiolar lymphocytic in-
filtrates and bronchiolar thickening in the transgene (+) animals (B
and C). The collagen content of the lungs of transgene (—) animals
appears in green in D. This contrasts with the impressive subepithe-
lial fibrosis seen in the airways of transgene (+) animals (£). (Origi-
nal magnification 67.5X.)

Effect ofIL-1] on murine airways. Progeny mice were killed
at various intervals between 0.5 and 2 mo of age, and the air-
ways of transgene (+) and (—) littermates were compared. A
total of 78 age and sex matched littermate pairs were evalu-
ated. In contrast with their transgene (—) littermates, the
transgene (+) animals manifest an impressive airway pheno-
type composed of: (a) nodular collections of lymphocyte-like
cells next to bronchi and bronchioles, and (b) airway wall
thickening and remodeling (Fig. 5, A-C). The collections of
lymphocytes were appreciated less often in the 0.5-mo-old ani-
mals, but were prominently noted in the 1- and 2-mo-old ani-
mals (data not shown). The impressive and progressive effects
of IL-11 on the thickness of the airway wall were easily seen in
the morphometric evaluations (Fig. 6). Insight into the cause
of this thickening and remodeling was obtained from the
trichrome evaluations. These stains demonstrated only small
amounts of collagen in the lungs of transgene (—) animals.
This contrasted with the extensive subepithelial fibrosis seen in
the airways of the IL-11 transgene (+) animals (Fig. 5, D and E).

Composition ofperibronchiolar nodules. The results noted
above demonstrate that IL-11 overexpression in the murine
airway generates nodular collections of lymphocyte-like mono-
nuclearcells. The phenotype of these cells was, therefore, ana-
lyzed by immunohistochemistry using frozen lung sections.
These studies demonstrated that the majority of the cells in
these nodules were MHC Class LI (+) and B220 (+) (Fig. 7).
Collections of CD3(+), CD4(+), and CD8(+) cells were also
noted (Fig. 6). Significant Mac-1 immunoreactivity was not
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Figure 6, Morphometric analysis of airway wall thickening of
CC10-IL-11 animals. The thickness of the bronchiolesof 0.5-, 1-, and

2-mo-old transgene (+) and (—) littermates were measured as de-
scribed in Methods. Values represent the mean+SEMofatleast
three pairs of animals at each time point (*? < 0.001 Bonferonni
Multiple comparisonstest).

appreciated with only a rare cell staining with this antibody
(Fig. 7). None of the antibodies that were used reacted with
the airways in seclions of lung from transgene (—) mice, in
great extent because of the lack of airway inflammation in
these animals (data not shown). These observations demonstrate
that these nodules are composed of large numbers of B lym-
phocytes and lesser numbers of CD4(+) and CD8(+) T cells.

 

 

 
Figure 7, Immunohistochemistry of peribronchiolar nodularinfil-
trates. Immunohistochemical techniques were used to evaluate the
cellular composition of the peribronchiolarinfiltrates seen in the
transgene (+) CC10-IL-11 animals. Antibodies against B220 (A),
MHC classII (8), (D3 (C), (D4 (D), CD8 (£), and Mae-1 (F) were
employed. (Original magnification 50.)
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Figure 8. Immunohistochemical analysis of fibrotic response in
CC10-IL-11 transgenic micc. Immunohistochcmistry was uscd to
evaluate the type I collagen in the airways of transgene (+) (A) and
(—) (C) animals and the type III collagenin the airways of transgene
(+) (B) and (—) (DP) animals. (Original magnification 50x.)

Composition ofthe subepithelial fibrotic response. Studies
were undertaken to determine if types I or III collagen were
increased in the airways of the transgene (+) animals. These
immunohistochemical evaluations demonstrated modest in-

creases in type I collagen and impressive increases in type II
collagen in transgene (+) vs. (—) animals (Tig. 8). Thus, the
subepithelial fibrosis seen in CC10-IL-11 transgenic animals
results, at least in part, from the increased accumulation of
type III and, toalesser extent, type I collagens.

Structural characterization of the transgenic airway. Immu-
nohistochemistry and electron microscopy were used to fur-
ther characterize the cellular and structural alterations in the

airways of the CC10-IL-11 transgene (+) animals. The immu-
nohistochemical evaluations demonstrated an increase in the

Figure 9. Tmmunohistochemical evaluation of subepithelial cellular-
ity in CC10-IL-11 mice. Immunohistochemistry was used to evaluate
the cellular components of the subepithelial fibrotic response in
CC10-IL-11 transgene (+) and {—) animals. A and C represent the
a-smooth muscle actin immunoreactivity in transgene (—) and (+)
animals, respectively. B and D represent the desmin immunoreac-
tivity in transgene (—) and (+) animals, respectively. (Original
magnification 50X.)

2849
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number of a smooth muscle actin and desmin staining cells in
the walls of the transgene (+) vs. (—) animals (Fig. 9). This
staining was not uniform, however, with some stromalcells
failing to manifest either of these markers. The electron micro-
graphs demonstrated that the CC10-IL-11 transgene (+) ani-
mals had normal basement membranes and enhancedstriated

collagen deposition (Fig. 10). They also demonstrated the ac-
cumulation of a variety of stromalcells in these fibrotic loca-
tions. Ultrastructurally, manycells appeared to be fibroblasts.
Others appeared to be myofibroblasts based on their fibro-
blast-like appearance and the presence of myofilaments, dense
bodies, subplasmalemmal vesicles, and/or identifiable basal
lamina (Fig. 10 and data not shown). Smooth muscle cells with
abundant myofilaments were also appreciated. Some of these
cells showed morphologic evidence of increased synthetic ac-
tivity with increased rough endoplasmic reticulum and promi-
nent Golgi (Fig. 10). Thus, the subepithelial response in the
airways of the CC10-IL-11 transgene (+) animals occurs in the
absence of basement membrane thickening and is character-
ized by increased interstitial collagen deposition and height-
ened stromal cellularity with the local accumulation of fibro-
blasts, myofibroblasts, and smooth muscle cells.

Effect of IL-11 on airway physiology. Airways obstruction
and hyperresponsiveness to nonspecific stimuli such as MCh
are prominent features of asthma, COPD,anda varietyof dis-
eases characterized by chronic airways inflammation and/or

2850 Tang eral.
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Figure 10. Electron microscopic ap-
pearance of peripheral airwayof
CC10-IL-11 mice. (4) Low powcr
view of airway wall with epithelial
cells (EP), myocytes (M), andfibro-
blastic cells (F). Note intact base-
ment membrane (epen arrows) and
collagen deposition (C) (4,000).
(B) Smooth muscle cell with well
formed Golgi (G). Note myofilaments
(MF) (18,000). (C) Fibroblast with
rough endoplasmic reticulum (RER)
(18,000). (D) Myofibroblast with
subplasmalemmal dense body (open
arrow) and basal lamina (closed
arrow) (36,000). (E) Myofibro-
blast with myofilaments (M/F) and
subplasmalemmalvesicles (open
arrow) (36,000).

fibrosis. Thus, studies were undertaken to characterize the

physiologic profile of IL-11 transgene (+) and (—) animals.
Overall, 18 age, sex, and weight matchedlittermate pairs were
evaluated. The baseline airways resistance of IL-11 transgene
+) animals greatly exceeded that of IL-11 transgene (—) ani-

mals. At 2 mo of age, the airways resistance of the transgene
+) animals was approximately threefold greater than the

resistance of the transgene (—) animals (745.34227.5 vs.
227.5+6.4 cm H,O/liters per s; P < 0.05). In addition, 1.5-2-
mo-old transgene (+) animals manifest exaggerated sensitivity
to methacholine since they achieved a 100% increase in air-
waysresistance at 1/10 to 1/100 the dose of methacholine re-
quired by their transgene (—) littermate controls (Fig. 11).
When viewed in combination, these studies demonstrate that

IL-11 transgene (+) animals manifest increased airways resis-
tance and airways hyperresponsiveness to MCh when com-
pared with transgene (—) littermate controls.

o.

 
—~

Discussion

Airway inflammation and fibrosis are prominent features of a
varicty of disordcrs including asthma, COPD, bronchicctasis,
and bronchiolitis (3-11). In these disorders, the relationship(s)
betweeninflammation,fibrosis, and physiologic dysregulation,
and the contribution that individual mediators make to the

pathogenesis of these abnormalities are poorly understood.
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Figure 11. Methacholine sensitivity of transgene (—) and (+) mice.
The effect of varying concentrations of methacholine on the airways
resistance of paired transgene (+) (©) and transgene (—) (I) litter-
mates were evaluated as described in Methods. Values represent the
mean+SEM ofsix age and sex matchedlittermates evaluated on the
same day(* P < 0.05, ** P < 0.01, ¢ test).

This is due, in great extent, to the complexity of the inflamma-
tory and fibrotic responses in these disorders, which precludes
the clear attribution of cause and effect. It is also the result of

our need to rely on in vitro and acute challenge in vivo proto-
cols in our modeling of these disorders. The limitations of our
present approach are nicely illustrated with IL-11. In vitro
studies from our laboratory and others have clearly demon-
strated that this cytokine is produced by a variety of stromal
cells, including airway and alveolar epithelial cells, after incu-
bation with cytokines (21, 30), histamine (31), and respiratory
viruses (21, 23). These studies have also demonstrated that IL-11
can be found in abnormal quantities at sites of human viral res-
piratory tract infection, and acute studies have demonstrated
that IL-11 causes AHRin vivo (23). In contrast, the chronic ef-
fects of IL-11 in the lung or other visceral organs have not
been characterized. To gain insight into the role that IL-11
might play in chronic inflammatory airway disorders such as
asthma, COPD,bronchiectasis, and bronchiolitis, we used the

CC10 promoter to chronically express IL-11 in the murineair-
way. These studies demonstrate that IL-11 induces a nodular
lymphocytic peribronchial and peribronchiolar inflammatory
response. They also demonstrate, for the first time, that IL-11
is a fibrogenic cytokine since it caused impressive airway re-
modeling with subepithelial fibrosis and the local accumula-
tion of fibroblasts, myofibroblasts, and smooth muscle cells.
Lastly, these studies demonstrate that these pathologic abnor-
malities are associated with prominent physiologic dysfunction
with airways obstruction and AHR to methacholine.

IL-11 was initially discovered as an IL-6—like plasmacy-
toma proliferation stimulating activity in fibroblast-condi-
tioned mediumthat could not be neutralized with antibodies

against IL-6 (24). It has subsequently been shown to be an im-
portant hematopoietic growth factor (25), stimulate the acute
phase response (25), augment immunoglobulin production
(25, 28), induce the expression of metalloproteinase inhibitors
(26, 27), regulate neural phenotype (29), regulate bone metab-
olism (40), and protect against the combined effects of radia-
tion and chemotherapy(41). IL-11 and IL-6 are now grouped

Transgenic Expression of Interleukin-11 in the Mouse Airway
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together as IL-6-type cytokines based on their overlapping
functional profiles and shared use of the gp130 molecule in
their multimeric receptor complexes (42). In keeping with these
findings, a comparison of the phenotype of the CC10-IL-11 an-
imals described in this report and CC10-IL-6 mice described
previously by our laboratories (32), shows interesting similari-
ties and differences. The inflammatory response seen in both
the IL-11 and IL-6 transgenic lines was almost exclusively lym-
phocytic and contained significant numbers of B cells. This
is in keeping with the known B cell stimulatoryactivities of
both of these cytokine moieties (28, 42, 43). Interestingly, how-
ever, inflammation were more prominentin the CC10-IL-6 an-
imals and airway remodeling and subepithelial fibrosis was
more prominent in CC10-IL-11 animals. In addition, marked
physiologic differences were noted with CC10-IL-6 animals
manifesting normal baseline airways resistance and airways
hyporesponsiveness to methacholine, while CC10-IL-11 ani-
mals demonstrated increased baseline airways resistance and
AHRto methacholine. These findings clearly support the con-
tention that the effects that are seen in these transgenic ani-
mals are cytokine specific and not merely the result of a mu-
rine immune response to transgenically expressed human
protein. They also support, in a powerful fashion, the conten-
tion that different components of the inflammatory response,
even cytokines in the same cytokine family with commonre-
ceptor components, can have markedly different effects when
chronically expressed in vivo. The power of this approach is
also evident in this comparison since it allows correlations to
be made between physiology and pathology. Specifically, these
observations simultaneously demonstrate an association be-
tween airway remodeling and airways obstruction and hyper-
responsiveness to methacholine, and a relative dissociation
between inflammation and these physiologic abnormalities.
These observations suggest that the remodeling process may
be quite important and that the type of airway inflammation
induced by IL-6 is less important in the pathogenesis of these
obstructive physiologic abnormalities.

Remodeling responses in the human airway, characterized
bytissue fibrosis, matrix alterations, and quantitative and/or
qualitative alterations of the structural and otherresidentcells
that make up the airwaywall are well documentedin a variety
of pulmonary pathologies (3-5, 8, 9, 11, 44, 45). These re-
sponses have been extensively studied in asthma where
smooth muscle hyperplasia and hypertrophy are well docu-
mented (44, 45), and the “basement membrane thickening”
that has been appreciated in asthmatic airwaybiopsies for de-
cades is known to be due to the subepithelial deposition of
type II collagen and other matrix molecules by activated air-
way myofibroblasts (7, 9). In contrast with other fibrotic pul-
monary disorders, animal models of the airway fibrotic re-
sponse are poorly developed and our knowledge ofthe role(s)
that mediators play in the generation of airway scarring is rudi-
mentary. This study demonstrates that IL-11 is a fibrogenic
molecule and describes, for the first time, an animal model that
reproduces manyof the important features of the remodeled
asthmatic airway. Specifically, 11 demonstrates that the tar-
geted expression of IL-11 in the murine airway causes promi-
nent subepithelial fibrosis with impressive increases in type III
and to a lesser extent type I collagen. In addition, it demon-
strates that this response occurs in the absence of overt base-
ment membrane pathology and contains increased numbers of
a variely of stromal cells, including airway myofibroblasts. This
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study did not address the mechanism(s) responsible forthis fi-
brotic response. There are, however, a number of possible
pathways that deserve comment.First, IL-11 is knownto stim-
ulate the production of tissue inhibitor of metalloproteinase-1
(26, 27). Tissue inhibitor of metalloproteinase-1 decreases col-
lagen degradation and thus could contribute to collagen accu-
mulation and tissue fibrosis. Second, studies from this and

other laboratories have demonstrated that TGF-8 is a potent
stimulator of IL-11 production (26, 30). This raises the possi-
bility that fibrogenic effector functions of TGF-B, such asits
stimulation of collagen production and a-smooth muscle actin
accumulation (46), may also be mediated by IL-11. Additional
investigation will be required to sort out these possibilities.

In previous years, an intrinsic abnormality of the airway
myocyte wasfelt to be at the heart of the asthmatic diathesis.
More recent studies have revised this concept and led to a re-
newed appreciation of the role of inflammation and tissue fi-
brosis in this disorder (6-9). As a result of these studies it is
nowknownthat a chronic eosinophilic and mononuclear cell-
predominant inflammatory response, epithelial injury and
desquamation, and subepithelial fibrosis are prominent fea-
tures of the pathology of asthma. In addition, it is now as-
sumed that the inflammation and epithelial injury are largely
responsible for the physiologic abnormalities characteristic of
this disorder. Our studies, however, add an additional layer of
complexity to these concepts. First, they raise questions about
the link between inflammation and AHR since prominent
physiologic dysregulation was seen in the CC10-IL-11 animals
that manifest only a mild nodular peribronchiolar lymphocytic
response. Second, they raise questions about the importance
of eosinophils since they demonstrate that AHR and airways
obstruction are seen in CC10-IL-11 animals in the absence of

prominent tissue eosinophilia. Lastly, they raise questions
about the importance of epithelial desquamation in this disor-
der since CC10-IL-11 animals manifest prominent physiologic
dysregulation in the absence of this abnormality. These ques-
tions are, however, not without precedent since a growing body
of data from this and other laboratories has shown a dissocia-

tion between inflammation, eosinophil infiltration, epithelial
desquamation, and physiologic dysregulation in human asthma
and animal models of the asthmatic diathesis (32, 47-50). They
are also in accord with the well established observation that

airways obstruction and/or AHR are prominent features of
airways disorders such as bronchitis, bronchiectasis, and endo-
bronchial sarcoidosis, which are not characterized by eosino-
philia or epithelial sloughing (10, 51, 52). When viewed in com-
bination, these observations suggest that a variety of different
pathogenic processes can lead to airways obstruction and
AHRandthat different processes may be operative in differ-
ent disorders.

Viruses are being increasingly appreciated to play an im-
portant role in the pathogenesis of asthma and other airway
disorders. RSV is the most common cause of infantile bronchi-

olitis (10), RSV, PIV3, and rhinovirus are major inducers of
asthmatic exacerbations in children and adults (12-15), and in-
fantile viral infections are strongly associated with the devel-
opmentof asthma and COPDinlaterlife (12, 13, 17, 19). The
mechanisms behind these associations are, however, poorly
understood. Previous data from our laboratory demonstrated
that rhinovirus, RSV, and PIV3 are potent inducers of IL-11
productionin vitro (21, 23). This contrasts with the inability of
other pneumotropic infectious agents to similarly induce the
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production of this cytokine, and suggests that [L-11 plays an
importantrole in the pathogenesis of these viral disorders. The
demonstration in these studies that IL-11 causes lymphocytic
infiltration, airway remodeling, and physiologic dysfunction
has obvious relevance to the pathogenesis of viral airways dis-
orders. The impressive similarities between some of the airway
and physiologic alterations seen in the CC10-IL-11 transgenic
mice and neonatal rats with experimental PIV-1 infection (53)
further supports the contention that IL-11 is involved in medi-
ating these abnormalities. It allows for the tantalizing specula-
tion that neonatal viral infections predispose to chronic air-
ways dysfunction at least in part via the induction of IL-11
production, which causes lymphocytic infiltration and airway
remodeling. When coupled with the observation that IL-11 in-
hibits human macrophage IL-12 production (S.X. Leng, De-
partment of Internal Medicine, Yale University; and J.A.
Elias, unpublished observations), one is left with the interest-
ing possibility that IL-11 production during neonatal and/or
pediatric viral infections can also predispose to the develop-
ment of the Th, lymphocytic response that is felt to play a key
role in the asthmatic diathesis (54).

In conclusion, our studies demonstrate that the transgenic
expression of IL-11 in the mouse airway results in a nodular
lymphocytic infiltrate, airway remodeling, and physiologic dys-
regulation that mimics in important ways the pathologic and
physiologic features of viral and other airways disorders.
These findings suggest that IL-11 may play an importantrole
in the pathogenesis of the airways abnormalities seen in these
often times devastating disorders. In this respect, CC10-IL-11
transgenic mice represent an excellent animal model of airway
remodeling and inflammation that can be used to explore ther-
apies directed at these processes and the contribution that
these processes make to the physiologic abnormalities seen in
a variety of human airways disorders.
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Background: In atopic dermatitis (AD) there is evidenceof tissue
fibrosis involving a number of structural changes, including pap-
ilary dermal fibrosis and epidermal hyperplasia. These changes
are suggested to be the result of chronic inflammation of the
skin. Several remodeling-associated cytokines, inching trans-
forming growth factor (TGF) BL, TL-11, and IL-17, have been
shown to be increased in atlergic diseases, including asthma.
Objective: We investigated TGF-B1, IL-11, and IL-17 expres-
siou in skin biopsy specimens recovered from acute and chron-
ic skin lesions from patients with AD, as well as from unin-
volved skin of patients with AD and skin from healthy
volunteers. We also examined the correlation between the

expression of these cytokines and the extent of total, type E,
and type TIT collagen deposition.
Methods: We evaluated the expression of TGF-B1, TL-11, and
IL-17 by means of immunohistochemistry. Collagen deposition
was assessed by means of immunohistochemistry and van
Giesonstaining.
Results: TGP-B1 expression was markedly enhanced in both
acute and particularly chronic lesions (P < .001). Although IL-
Hi expression was significantly increased only in chronic
lesions (P < .0001), TL-17 was preferentially associated with
acute lesions (P < .005). Although collagen type TH deposition
was not significantly different among the groups, type f colla-
gen deposition was significantly inercased in chronic AD
lesions (P < .0005), There was a significant correlation between
IL-11 and type I collagen deposition, as well as the number of
eosinophils in skin specimens from patients with AD (r? =
0.527, and r? = 0.622, respectively; P < 0001).
Conclusion: These results suggest that TGF-B1, IL-1, and IL-
17 are involved in the remodeling of skin lesions in patients
with AD. However, IL-1] and I-17 are preferentially
expressed at different stages of the disease. Type f collagen
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appeared to be the major subtype involved in this repair
process. (J Allergy Clin Immunol 2003;111:875-81)

Key words: Atopic dermatitis, skin biopsy, fibrosis, cytokines, col-
lagen, remodeling

Tissue remodeling has been well documented in asth-
matic airways and is characterized by various structural
changes, including airway wall thickening, subepithelial
fibrosis, mucus overproduction, smooth muscle hyper-
plasia-hypertrophy, and epithelial hypertrophy.}.2 Airway
remodeling is a consequence of chronic inflammatory
episodes,? which are associated predominantly with Ty2-
type cytokines (IL-4, IL-13, and IL-5). Subepithelial
fibrosis is described as the result of an enhanced deposi-
tion in the lamina reticularis of extracellular matrix

(ECM) coraponents, such as type L type 10, and type V
collagens,*© that might be regulated by fibrogenic
cytokines(eg, transforming growth factor [TGF] §).

Numerous reports demonstrated that among all 3
TGF-§ isoforms synthesized by mammalian cells, TGF-
Bil is predominantly associated with fibrosis. TGF-B is
the major fibrogenic cytokine that has been shownto act
onfibroblasts for the synthesis and secretion of colla-
gens, as well as other mediators.’-"!2 TGF-B has been
reported to participate in collagen accumulation within
the ECM?andplays a critical role in wound healing and
tissue remodeling. Various cell types, including
eosinophils,!3-15 T lymphocytes, fibroblasts, macro-
phages, and epithelial cells,!6.17 have all been shownto
produce TGF-B.

IL-L1 is a hematopoietic cytokine that is produced by
a variety of stromal cells, including epithelial cells,
fibroblasts, and myocytes.!8-2! Studies performed in
transgenic mice revealed that IL-11 induces some fea-
tures of remodeling, such as enhanced deposition of type
Land type ITI collagens.22.73 IL-17 is a recently described
cytokine mainly released by CD4* T cells that induces
the release of proinflammatory mediators from
macrophages and fibroblasts.2426 We recently demon-
strated that IL-17 expression was increased in asthmatic
airways, particularly in patients with severe asthma.27.8
We also showed that recombinant IL-17 increased the

release of IL-6 and IL-11 byfibroblasts isolated from
bronchial biopsy specimens in asthmatic subjects.27
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Abbreviations used

AD: Atopic dermatitis
ECM: Extracellular matrix

HPF. High-powerfield
TGF: Transforming growth factor 

Atopic dermatitis (AD) is a chronic inflammatory
skin disease with increased serum IgE levels and tis-
sue eosinophilia.2?3° The expression of profibrotic
cytokines has yet to be analyzed in AD. In this study
we spectiate that TGF-B, IL-11, and IL-17 contribute
to tissue remodeling in the skin of patients with AD.
We therefore assessed the expression of these
cytokines and the extent of collagen deposition in skin
biopsy specimens recovered from acute and chronic
skin lesions, and we compared these results with
results from uninvolved skin of patients with AD and
skin from healthy volunteers. Furthermore, we inves-
tigated whether a particular subtype of collagen might
be preferentially expressed or increased at various
stages of the disease.

METHODS

Skin biopsy specimens
Twenty-four skin punch biopsy specimens (2 mm cach} were

obtained from 8 patients fulfilling the diagnostic criteria for AD3!
Three specimens were recovered fromeach patient, one from acute
erythematous AD lesions less than 3 days from onset, one from
chronic lichenified ADlesions greater than 2 weeks from onset, and
the last from an uninvolved skin area. Punch skin biopsy specimens
were also obtained from 8 nonatopic healthy volunteers. Specimens
were fixed immediately in 4% paraformaldehyde, embedded in 

OCT medium and snap-frozenin liquid nitragen-cooled isopentane
for immunohistochemistry.

The age of patients with AD ranged from 19 to 49 years (medi-
an, 28 years}. All patients had a history of AD dating back to early
infancy and had assucialed respiratory allergy (allergic rhinitis or
asthma}. Serum Ig]! levels ranged from 269 to 10,700 TU/mi. (medi-
an, 5300 TU/mL). None of these patients had other skin pathologies,
and none had been previously treated with oral corticosteroids. Top-
ical steroids were withheld for at least 2 weeks before biopsy spec-
imens were taken. The National Jewish Medical aud Research Cen-

ter Institutional Review Board approved the study, and all subjects
provided informed written consent before entering the protocol.

immunchistochemistry
As previously alkaline

phosphatase—antialkaline phosphatase methudto identify cytokines,
described,32 we used the

collagen subtypes, and inflammatory cell phenotypes within the
skin biopsy scctions (5-mm tissue scctions). Specific antibodics
were used to identify eosinophils (anti-EG2; Kabi Pharmacia Diag-
nostics AB, Uppsala, Sweden}, T cells (anti-CD3; Becton-Dickin-
sou Canada, Mississauga, Ontario, Canada), type | and type Ti cal-
lagens (Medicorp, Montreal, Quebec, Canada), TGF-B1 (Cedarlane
Laboratorics, Hornby. Ontario, Canada), and IL-11 and IL-7
(R&D systems, Minneapolis, Minn). For negative control prepara-
tions, the primary antibody was replaced with either an irrelevant

 ES

isotype-matched control immunoglobulin or TRIS-buffered saline
solution.
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Histochemistry
Total collagen was identified on skin biopsy sections by using

van Giesonstaining, which allowed collagenfibers to appear as red
fibers.

Quantification

Slides were coded, and positive cells were counted blindly under
a 200% magnification with an eyepiece graticule. Two to 6 fields
were counted per section, depending og Lhe size of the biopsy spec-
imens and the pattern of alignment of the grid covering an intact
area of opithelial and subepithelial areas. Immunorcactive cells
were quantified as the mean cell count expressing the appropriate
positive marker per high-powerfield (HPF; 0.202 cm?). The sever-
ity of dermalfibrosis was scored on a 1 to 4 scale according to the
extent offibrosis within the dermis, with a score of 4 representing
extensive fibrosis that extended to the whole papillary dermis. The
within-observer coefficient of variation for repeated measures was
less than 5%. Data are expressed in the text as means + SD.

Statistical analysis
Statistical analysis of the results was performed by using

Kruskal-Wallis nonparametric ANOVA, and subsequently, post hoc
comparisons were made by using the Scheffe F and Dunn multiple
comparison tests. The coefficients of correlation were calculated
rom. the Pearson moment coefficient and corrected for multiple

comparisons by using the Bonferroni correction factor (Systat ver-
sion 8.0; SASS, Chicago, Illi. Results were considored as statisti-
cally significant when the P value was less than .0S.

RESULTS

Phenotype of inflammatory cells

Skin biopsy specimens from acute AD lesions charac-
teristically showed epidermal hyperplasia with intracel-
lular edema and inflammatorycell infiltration in the epi-
dermis. Mononuclear cell infiltrates were prominent in
perivascular areas. In particular, CD3+ T cells were
markedly accumulated in acute lesions compared with in
chronic lesions, uninvolved skin from patients with AD,
and normal skin (P < OOO1, Table . Although the num-
ber of CD3* T celis was also significantly greater in
chronic lesions than in uninvolved skin from patients
with AD and normal skin (P < .0001), chronic lichenified

lesions showed hyperkeratosis with minimal spongiosis.
Epidermal and particularly dermal infiltrates showed
increased numbers of eosinophils. The EG2* cell popu-
lation was significantly greater in chronic lesions than in
acute lesions, uninvolved skin from patients with AD,
and normal skin (P < .0001). No significant difference
was seen in the number of cosinophils in normal skin
versus that in uninvolved skin from patients with AD.

TGF-61, 1-11, and IL-17 expression

TGF-Bi expression was significantly increased in
chronic and acute lesions (13.5 + 1.7 and 9.0 + 3.1
cells/HPF, respectively) compared with that in unin-
volved areas (3.8 + 2.4 cells/HPBR; P <.0001 and P< 001
vs chronic and acute lesions, respectively) and normal
skin (1.5 + 1.4 cells/HPF; P < 0001 and P < .005 vs
chronic and acutelesions, respectively; Fig 1). Moreover,
the number of TGF-B 1+ celis was higher in chronic than
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FIG 1. TGF-B1, !L-11, and IL-17 immunostainings in acute chronic lesions and uninvolved skin olopsy speci-
mens of patients with AD and in skin of healthy volunteers. Sars represent means. * P< .001 and P< .0001
compared with uninvolved skin from patients with AD and normal skin, respectively; 88P < .005, P< .001,
and P « .0005 compared with chronic lesions, uninvolved skin from patients with AD, and norma! skin,
respectively; **P < .005, P< .6001, and P< .0001 compared with acute !esions, uninvolved skin of patients
with AD, and normal skin, respectively; TP < .0001 compared with acute lesions, uninvolved skin from
patients with AD, and norma! skin.

TABLE |. Phenotype of inflammatory cells accumulated in skin blopsy specimens

 

Acute lesions Chronic lesions Uninvolved skin Normai skin

CDS3+ cells (HPP) 90.4 © 22.4" 60.1 + 8.37 15.0% 7.1 98443
EG2+ cells VHPF) 39+24 24+515 O1l+404 O14 04

Values are presented as means + SD.
*P < 0061 compared with chronic lesions, uninvelved skin of patients with AD, and normal skin.
4P <.0001 compared with uninvolved skin of patients with AD and normal skin.
EP < 0001 compared with acute lesions, uninvolved skin of paticnts with AD, and normal!skin.

in acute lesions (? < .005). No significant difference was
seen between uninvolved and normal skin.

IL-1i expression was oaly significantly increased in
chronic lesions (9.6 + 4.7 cells/HPF, P < .0001), where-
as it reached similarly low levels in acute lesions and in
uninvolved and normal skin (2.3 + 1.7, 1.8 + 1.5, and 0.6
+ 0.7 cells/HPF, respectively; Fig 1). In contrast, a sig-
nificant increase in 1L-17 expression was only detectable
in acute lesioas (5.6 + 2.4 cells/HPF) compared with in
the 3 other groups, which had low levels of IL-17 expres-
sion (1.8 + 1.5 [P < 005], 15+ £4 [P < .00U), and 11
+ 1.6 cells/HPF [P < .0005] in chronic lesions, unin-

volved skin, and normal skin, respectively; Fig 1).

Deposition of total, type i, and typeIll
collagens

Total collagen deposition, as assessed by means of van
Gieson staining, was not different among acute and
chronic skin lesions (2.5 + 1.2 and 2.4 + 1.3, respective-
ly), uninvolved skin and normal skin (1.5 + 0.9 and 1.34
1.0, respectively; Fig 2). However, the score of type I col-
lagen, as assessed by means of immunostaining, was sig-
nificantly higher in chronic skin lesions (3.1 + 0.8) com-
pared with that in acute lesions (1.3 + 0.7, P < 001),

uninvelved skin (1.3 + 0.7, P < .001), and normal skin
(0.6 + 0.7, P < 0001). Collagen type | deposition was
observed particularly in the upper dermis of skin lesions
(Fig 3). Regarding type HI collagen expression, no sig-
nificant difference was seen among the 4 groups (1.6 +
L.1, 2.0 + 1.3, 2.1 + 1.6, and 1.3 + 0.7 in acute lesions,
chronic lesions, uninvolved skin, and normal skin,

respectively).

Correlation studies between eosinophils,
fibrogenic cytokines, and type | collagen
deposition

The results obtained in acute and chronic AD lesions

and uninvolved skin specimens were analyzed together.
We found a significant correlation among the numberof
EG2tcells (Fig 4, A), the number of IL-11* cells Fig 4,
B), and the deposition of type I collagen (r* = 0.622 [P <
.GO0L] and 7? = 6.527 [P < .0001], respectively).

DISCUSSION

Structural changes, including papillary dermal fibro-
sis, epidermal hyperplasia, and diffuse intercellular and
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FIG 2. Papillary dermal fibrosis, as assessed by the extent of collagen deposition in acute chronic lesions
and uninvolved skin biopsy specimens of patients with AD andin skin of healthy volunteers. **P < 0005, P
«< 0005, and P< .0601 compared with acute lesions, uninvolved skin of patients with AB, and normal skin,
respectively.

 
FIG 3. Representative examples of total collagen deposition, as detected by using van Gieson staining in
chronic (a) and acute (b} AD; immunostaining for type | collagen in chronic AD {c} and in uninvalved skin
trom patients with AD (e}: and immunostaining for type Ill collagen in chronic fe} and acute (f} AD.

intracellular edema, are features of AD.5:33 Previous

studies have shown that matrix metalloproteinases and
their specific inhibitors contribute to inflammation-
incuced tissue destruction and subsequent remodeling in
AD.*4 We have established that remodeled asthmatic air-

ways are associated with increased numbers of TGF-B1*,
IL-11*, and IL-17* cells.'8.23278 As such, we hypothe-

sized that the expression of fibrogenic and fibrosis-asso-
ciated cytokines, such as TGF-B1, PL-£1, and IL-17,
might be enhanced within AD skin lesions.

In this study we investigated the expression of TGF-
Bi, IL-i1, and 1L-17 within acute and chronic AD skin
lesions by means of immunohistochemistry. To our
knowledge, this is the first report demonstrating that the
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FiG 4. Correlation analysis. Significant correlation was found between type | collagen deposition and the
number of EG2+ eosinophils (7 = 0.622, P< .001; A) and the numberof IL-11* cells (7 = 6.527, P< 0001; B)
in patients with AD. Acute and chronic lesions and uninvolved skin of patients with AD are represented by
diamonds, circlas, and triangles, respectively.

mumber of cells expressing TGR-B1, LL-11, and IL-17 are
increased in AD lesions compared with in uninvolved
skin from the same individual and from normal control

subjects. Moreover, acute skin lesions are associated pre-
dominantly with the expression of IL-17 and, to a lesser
extent, with TGF-§ 1. In contrast, chronic lesions are pre-
dominantly associated with TGP-B1 and 1L-11 expres-
sion. Morphologic analysis of our tissue sections
revealed that the majority of IL-17 was T cells and, to a
lesser extent, eosinophils. However, the main cellular
source of IL-f1 and TGF-8 was eosinophils and, to a
lesser extent, Tcells.

TGE-B is a potent fibrogenic cytokine that stimulates
fibroblasts to produce ECM components and protease
inhibitors, to inhibit protease synthesis and release, and
to promote fibroblast chemoattraction.10°5.56 Among
TGF-B1, TGF-B2, and TGF-B3 isoforms, TGF-B1 is pre-
dominantly expressed during fibrosis development.!9
Our data provide evidence for the first time that the
expression of TGF-BE occurs in the skin of patients with
AD. The fact that this expression was particularly
increased in chronic lesions suggests that this cytokine
might be associated with more persistent lesions. More-
over, when all the AD biopsy specimens were examined,
there was a significant correlation betweenthe number of
accumulated eosinophils and the number of TGF-B1t+
cells, which is consistent with our previous study in asth-
ma.'§ Although we previously demonstrated that TGF-B 1
expression was related to the severity of asthma,!® its
precise relationship in AD remainsto be clarified.

The assumption that 1L-11 plays a role in the develop-
ment of subepithelial fibrosis and airway remodeling
comes from studies done in TL-11 transgenic mice.2? In
vitro studies have also demonstrated that TGF-61 is a
potent stimulator of IL-11 production, accumulation, and

gene transcription in human fibroblasts, alveolar and
bronchial epithelial cells, and smooth muscle cells.37“9
Our results are in agreement with these data because both
TGF-81 and IL-1{ expression were increased in chronic
lesions. In contrast, the presence of TGF-B1 and the
absence of IL-[L in acute lesions might suggest that
TGE-61 initiates the upregulation of IL-11 observed in
chronic stages of the disease. In addition, we have recent-
ly demonstrated that IL-1] mRNA expression was more
dramatic as asthma became increasingly severe.23 More-
over, this expression was related to increased type I and
type Hl collagen deposition.

Because its expression was enhanced only in chronic
skin AD lesions, we speculate that L-11 is associated
with the persistence of AD. In support of this is the sig-
nificant correlation we found im our previous study23
between the number of eosinophils and IL-11* cells.
These results suggest that the accummlated eosinophils at
the site of chronic lesions might be the major producers
of TL-11 through TGF-(§1 stimulation in an autocrine or
paracrine manner. In addition, eosinophil-derived major
basic protein has also been described to participate in the
production of IL-1 by hung fibroblasts.4' However,
other IL-1 l—producing cells should be considered, such
as structural cells, including stromal cells, fibroblasts,
endothelial cells, and epithelial cetls.42! The evidence
that TGF-B1 and IL-11 are expressed by eosinophils fur-
ther supports the eventuality that these cells might be
involved in the development of structural remodeling in
the injured skin of patients with AD.

IL-17 is a novel cytokine apparently secreted prefer-
entially by CD4* activated memory T celfs.2+26
Although we found no significant correlation between
the expression of IL-17 and the numberof T cells in our
study, the increase in IL-17 in acute lesions paralleled the
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augmentation of T cells. Our previous study showed that
IL-17 expression was increased in bronchoalveolar
lavage fluid, sputum, bronchial biopsy specimens, and
peripheral blood eosinophils recovered from asthmatic
patients.27.28 Moreover, the pattern of IL-17 expression
in asthmatic airways was predominantly associated with
subepithelial fibrosis lesions.28 Thus we hypothesized
that IL-17 might be expressed and associated with der-
mal fibrosis in AD skin lesions. In fact, the increase in

IL-17 expression was observed only in acute, but not in
chronic, AD lesions. This observation is of interest
because we have demonstrated that IL-17 increased the

basal production of IL-1] by normal and asthmatic
bronchial fibroblasts.2’ Therefore we might hypothesize
that IL-17 initiates the developmentof tissue fibrosis in
ADskin lesions indirectly through the release of UL-11.
To further support our hypothesis, IL-17 stimulates
epithelial and endothelial cells, fibroblasts, and
macrophagesfor the release of IL-6, IL-18, TNF-a, and
GM-CSF,*46 a number of which are increased in AD

skin lesions. Studies done in transgenic mice demon-
strated that IL-6 is a potent fibrogenic cytokine, leading
to the development of a subepithelial fibrosis in the air-
ways.*2 IL-l, TNF-a, and GM-CSF also stimulate
fibroblasts to induce the proliferation and synthesis of
ECM components. We have shown also that IL-17
enhanced in vitro the basal production of IL-6 by fibro-
blasts isolated from asthmatic bronchial biopsy speci-
mens.?’? Consequently, IL-17 might play a role in skin
remodeling in AD and especially in dermal fibrosis but
more probably in an indirect manner through the release
of profibrotic cytokines, such as IL-11 and IL-6.

Regarding collagen, papillary dermal fibrosis corre-
sponding to lichenified lesions has been well accepted as
a characteristic feature of chronic AD? Our results

showed that type 1 collagen deposition was increased in
chrome AD lesions, whereas total and type U1 collagen
accumulation was not muodulated among the groups. Of
interest, when all the AD biopsy specimens were exam-
ined, the extent of type I collagen deposition was also
found to be significantly correlated with the mumber of
eosinophils and TL-11 expression. The lack of correlation
between type | collagen and LL-17 expression was not
surprising because our previous in vitro studies demon-
strated that IL-17 was not able to stimulate bronchial

fibroblasts to upregulate their production of type FI and
type UL collagens.2? On the other hand, type | collagen
deposition and TGF-B expression did correlate; however,
this failed to achieve statistical significance. Although we
expected to find a significant relationship between these
2 parameters, this observation is in agreement with
reports suggesting that some of the effects attributed to
TGF-B1 might be in fact due to IL-11 because we do
have a significant correlation between type I collagen
and TGEF-B1 expression. Because type I collagen is the
predominant ECM componentin fibrotic diseases,*3 our
results can be regarded as reasonable findings. Although
several studies showed a simultaneous increase in the

deposition of type I and type TIcollagens in lesions in

J ALLERGY CLIN IMMUNOL
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asthma‘.23 and in scleroderma,“4 we did not find any
modulation in the extent of total and type Icollagen in
any of the skin biopsy specimens used in this study. Nev-
ertheless, according to our results, we might hypothesize
that the evaluation of type I collagen deposition is the
most sensitive parameter for detection of dermal fibrosis
in AD. In asthma, airway remodeling changes, such as
away wall thickening, might lead to a persistent reduc-
tien in airway lumen diameter and thus to bronchial
hyperresponsiveness.!8.45.46 Indeed, several studies
showed a link between asthma severity and subepithelial
fibrosis,!8.23.45.46 as assessed by the thickness of base-
ment membrane. Whether the extent of type | collagen
deposition in the dermis might account forthe severity of
ADis not known and should be further investigated.

in summary, the increase in JL-17 and IL-t1 expres-
sion was polarized toward acute and chronic ADlesions,
respectively, whereas TGF-81 expression was increased
in both acute and chronic skin lesions, although at higher
levels in the chronic situation. The finding that chronic
AD skin lesions are associated with a predominance of
TGF-81-and IL-11-expressing cells and with type I col-
lagen accumulation is also a new and interesting finding.
On the basis of these results, we can speculate that in
addition to TGR-$1, 1L-17 initiates the development of
tissue fibrosis in skin lesions in AD, whereas IL-11 is

involved in the development and maintenance of this
process. This process of tissue remodeling can have many
clinical consequences, such as depigmentation or dimin-
ished responsiveness to topical agents. Studies, however,
need to be done to investigate this further. According to
the literature, T cells and macrophages contribute to the
release of TGF-81, IL-11, and IL-17 in the acuteinitial
phase of the fibrosis process, whereas eosinophils are the
major cellular source of these cytokines involved in the
progression and perpetuation of fibrosis.Whether these
cytokines are responsible for the characteristic lichenifi-
cation and dermal fibrosis that accompanies chronic AD
skin lesions requires further investigation.
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Transforming growth factor-7
stimulates Interleukin-11

production by humanperiodontal
ligament and gingivalfibroblasts
Yashiro R, Nagasawa T, Kiji M. Hormdee D, Kobayashi H, Kosty ©, Nitta H, Ishikawa
LTGF-f stimulates IL-11 production by human periodontal ligament and gingival
fibroblasts. J Clin Periodontol 2006; 33: 165-171. doi: 10.1111). 1600-051X.2006.
00898.x.

Abstract

Background: Transforming growth factor (PGF)-f£ is a potent multifunctional
polypeptide, abundant in the bone matrix. Interleukin (IL)-L1 is a pleiotropic cytokine
with effects on multiple cell types. The present study was performed to evaluate the
regulatory effects of TGF-f on IL-i1 production by human periodontai ligament cells
(PDL) and human gingival fibroblasts (IGP).
Material and Methods: The expression of TGF-f§ receptor in PDL and HGF were
observed using flow cytometry. PDL and HGPwere stimulated with TGP-f with or
without protein kinase C (PKC) inhibitors and activator. IL-11, bone morphogenetic
protein-2 (BMP-2) and TGP-f8 mRNA expression was quantified by real-time
polymerase chain reaction (PCR). IL-11 production was measured using enzyme-
linked immunosorbent assay.
Results: PDL and HGF expressed both TGF-f receptor | and TGF-receptor [I on the
cell surfaces. [L-11 mRNA expression and {L-{1 production were augmented by TGOF-
Bin both PDL and HGF,with highervalues in PDL. PKC inhibitors partially suppressed
TGF-f-induced TL-11 production in PDL and HGP, whereas activator enhanced it.
TGF-f mRNA and BMP-2 mRNA expression were up-regulated by TGF-f§ in PDL.
Conclusion: These results suggest that PDL produce [L-11 in response to TGF-/.

Tnterleukin-11 CL-11) is a pleiotropic
memberofthe IL-6-type cytokine family
that mediates its biological activities via
binding to a multimeric receptor complex
that contains gp130 molecules (Kishimo-
to et al. 1995). Cellular and molecular
components involved in the destruction
of periodontal tissues are predominantly
host derived. The balance of T-helper
(Th)l cytokines and Th? cytokines is
important in disease progression. HL-6 is
a Th2 cytokine elevated in the perio-
dontitis tissue, but the roles of IL-Li in

periodotitis is still poorly understood
(Berglundh & Donati 2005). TL-I1 has
many biological activities and has roles
in hacmatopoicsis, immune responses,
the nervous system and bone metabolism

 

(Paul et al. 1990, Du & Williams 1997).
IL-1] induces bone resorption by enhan-
cing osteoclast formation in vitro (Gir-
asole et al. 1994). In contrast, IL-i1 also
simulates osteoblasts in vitro and bone

formation in vivo. Overexpression of
human IL-il gene in transgenic mice
results in the stimulation of bone forma-

tion (Takeuchi et al. 2002). IL-f£1 acts

synergistically with bone morphogenetic
protein-2 (BMP-2) to accelerate bone
formation (Suga et al. 2001, 2003, Suga
et al. 2004). IL-11 produced in human
gingival fibroblasts (HGF) stinzlated
with butyric acid is involved in the
attenuation of T-cell apoptosis by HGF
(Kurita-Ochiai ct al. 2002). TL-la and
tumour necrosis factor (TNF)-a stimulate
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HGF to produce IL-11 and the produc-
tion is mainly mediated by internal
prostaglandin E, (PGE,) synthesis He
et al. 2004). IL-Li is a candidate mole-
cule for therapeutic modulation of the
host response in the management of
periodontal diseases (Trepicchio et al.
1996, Martuscelli et al. 2000, Kinane &

Attstrom 2005, Salvi & Lang 2005). IL-
Ll production by periodontal ligament
cells (PDL) and HGP might be impor-
tant for the homeostasis of alveolar

bone, but so far the molecular mechan-

isms of IL-11 production by these cells
have not been elucidated.

Bone homeostasis is regulated by
osteoclastic bone resorption and ostco-
blastic bone formation. Osteoclasts and
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osteoblasts are tightly regulated by each
other (Rodan & Martin 1981, Suda et al.
1992). Osteoblasts arc fibroblastic cells
of mesenchymal origin, and osteoclasts
differentiate from the monocyte/macro-
phage lineage cells (Katagiri & Takaha-
shi 2002}. Recently, receptor activator
of nuclear factor x B ligand (RANKL)
was identified as an important factor
involved in osteoclast development by
osteoblasts (Laceyet al. 1998, Yasudaet
al. 199&8b). Expression of RANKL
enhances osteoclast differentiation from

osteoclast precursors, and its decoy
receptor osteoprotegerin (OPG)  sup-
presses osteoclast dittcerentiation through
the inhibition of cognate interaction
between osteoblasts and osteoclast pre-
cursors (Simonet et al. 1997, Yasuda

et al. 1998a). Periodontal ligament is
the unique tissue connecting alveolar
bone and tooth cementum. PDL and

gingival fibroblasts (HGP) are two major
fibroblasts of mesenchymal origin in
periodontal tissue. PDL have similar
functions as osteoblasts, as they regulate
osteoclast differentiation through the
expression of RANKL and OPG (Kanza-
ki et al. 2001). On the contrary, HGF
produce large amounts of OPG, but
rarely express RANKL. (Nagasawa
et al. 2002). Although the regulation of
osteoclast differentiation by osteoblastic
celis has been extensively studied, little
is known about the regulation of osteo-
blast function by osteoclasts or miacro-
phage lineage cells.

Transforming growth factor 8 (TGF-f)
is produced by various cells including
macrophages, as well as non-immune
cells like gingival fibroblasts, in the perio-
dontal tissue (Wahl et al. 1993, Cotrim et
al. 2002). TGF-f is abundant in the bone
matrix, and is released from the matrix

during bone resorption (Seyedin et al.
1986). Macrophage cell lines secrete
TGF-£ and enhance alkaline phosphatase
activity in osteoblastic cells (Champagne
et al. 2002). TGF-8 might be a candidate
molecule for monocyte/macrophage line-
age cells to regulate osteoblast functions
(Champagne et al. 2002).

The aim of the present study was to
investigate the regulatory effects of
TGF-§ oa EL-11 production by both
PDL and HGP.

Material and Methods

Reagents

Recombinant human TGF-f1 was pur-
chased from Techne (Minneapolis, MN,

USA). Stock solution of TGF-61 (2 yg/
ml) was reconstituted in 4mM HCl
containing | me/mi bovine serum albu-
min according to the manufacturer’s
instructions and stored at — 20°C until

use. Flourosene isothiocyanate (FITC)-
conjugated rabbit polyclonal antibody
against human TGF-£ receptor 1, recep-
tor If and FITC-conjugated normal rab-
bit Immunoglobulin G GUgG) were
purchased from Santa Cruz Biotechnol-
ogy Inc. (Santa Cruz, California, USA).
Staurosporine streptomyces (ST) was
purchased from Sigma Chemicals (St
Louis, MO, USA). Myristoylated pro-
tcm kinase C (PKC) (Myr) peptide
inhibitor and phorbol 12-myristate 13-
acetate (PMA) were purchased from
Promega (Madison, WI, USA). Stock
solutions of ST (400 mM), Myr (4mM)
and PMA G0QyuM) were prepared in
dimethyl sulphoxide and stored at
~ 20°C until use.

Ceili culture

HGF were isolated from six systemi-
cally healthy patients (three females and
three males, aged 21-29 years old, mean
30.5 + 8.5) who had no sites with clin-

ical attachment loss greater than 2mm
and no radiographic bone loss. Six
healthy gingival samples were collected
during routine crown lengthening sur-
gery. The washed explants were placed
in a sterile dish and minced into smaller

pieces with a sterile scalpel blade.
Attempts were made to remove the
epithelium and leave only connective
tissue. PDL were isolated from the teeth

of six systemically healthy patients (four
females and two males, 17-29 years
old, mean 21.8 + 4.7). These clinically
healthy pre-molar teeth were extracted
for orthodontic reasons. The mid-root

surfaces of the teeth were scraped
lightly with a sterile scalpel blade.
Before starting, the study protocol was
approved by the Ethics Committee of
Tokyo Medical and Dental University.
Informed consent was obtained fromall

12 subjects, after verbal and written
explanation regarding the nature of the
study. All cell lines were prepared as
described previously (Hayashi et al.
1994). Fibroblastic cells were allowed
to grow out from the explant at 37°C
in a humidified atmosphere with 5%
CG, in the air until they formed a
confluent layer, at which point they
were subcultured. Cells subcultured to

the fifth passage were used for these
experiments.

 

Celi stimulation

PDL and HGF were seeded in 24-well
culture plates at 1 x 10° cells per well,
and were grown to confluence. Once
confluent, the throblasts were cultured

with or without 2ng/ml TGF-fi or an
equal volume of vehicle. RNA was
extracted from the cultured cells.

In addition, PDL and HGF were
seeded in 96-well flat-bottomed culture

plates at 1 x 10° cells per well, and were
grown to confluence. Once confluent,
the fibroblasts were stimulated with

TGF.AL with or without PKC inhibitors,
4000M ST and 4M Myr or an equal
volume of vehicle. In some experiments,
PDL and HGF were stimulated with

PKCactivator, 30nM PMA. After 24h,

the supernatants were collected.

Enzyme-linked immunosorbent assay
{ELISA}

IL-11 in the cultured supernatants was
measured using commercially available
ELISA kits GL-11, R&D Systems Inc.,
Minneapolis, MN, USA), according to
the manufacturer's instructions.

RNA extraction and reai-iime reverse

transcriptase polymerase chain reaction
(RT-PCR)

Cultured HGP and PDL were washed

three times with PBS, and RNA-Bee
solution (Tel-Test, Inc. Friendswood,
TX, USA) was added to the culture
dish. RNA was extracted with phenol
and chloroform, precipitated with iso-
propanol, washed with 75% ethanol and
suspended in diethylpyrocarbonate-trea-
ted distilled water. Samples containing
5yig of RNA were used for RT-PCR.
First-strand cDNA was synthesized
using a kit (Super-Script ID Pirst-Strand
cDNASynthesis Kit, Invitrogen, Grand
Island, NY, USA). Real-time PCR ana-
lyses were performed in a fluorescent
temperature cycler CLightCycler, Roche
Molecular Biochemicals, Mannheim,

Germany). For IL-1 and BMP-2,
LightCycier-Primer Sets (Roche Mole-
cular Biochemicals) were used accord-

ing to the manufacturer's instructions.
For TGF-f the primers were designed
on the basis of previously described
sequences (Champagne et al. 2002).
The following primers were used:

TGE-fL primer R, 5’-GCCCTGGA-
CACCAACTATTGCT,

TGF-61 primer F, 5-AGGCTC-
CAAATGTAGGGGCAGG.
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One-tenth @ uD of each RT reaction
served as template in a 20 ul PCR reac-
tion mixture containing LS5mM MsCh,
0.5 pMof each primer and LU Light-
Cycler DNA Master SYBR Green | mix
(Roche Molecular Biochemicals). After
initial denaturation at 94°C for 30s,

reactions were cycled 35 times using
the following parameters for detection:
95°C for 1s, primer annealing at 61°C
for 7s and primer extension at 72°C for
ils. SYBR Green I fluorescence was

detected at the end of each cycle to
monitor the amount of PCR product
formed during that cycle. At the end of
cach run, melting curve profiles were
analysed (cooling the sample to 68°C
and heating slowly to 95°C with con-
tinuous measurement of fluorescence) to

confirm amplification of specific cDNA.

Detection of TGF-f receptor in PDL and
HGF

In our preliminary study, we could not
detect cell surface receptors on cells
detached by using trypsin-EDTA. Con-
fluent cultures of PDL and HGP were

mechanically detached by using cell scra-
pers so as to aveid possible proteolytic
destruction of cell surface antigens. The
cells were then centrifuged and fixed with
1% para-formaldehyde in phophate-buf-
fered solution (PBS) for 30min. They
were washed with PBS supplemented
with 2% fetal bovine scrum (FBS)
(PBS/FBS) and centrifuged at 400 x g
for 10 min. after each step. ‘The cells were
incubated for 30 min. with an FITC-con-

jugated rabbit polyclonal antibody against
human TGF-£ receptor 1 and receptor H
(Santa Cruz Biotechnology Inc.). FITC-
conjugated normal rabbit IgG (Santa
Cruz Biotechuology Inc.) was used as a
negative control. The expression of TGF-
6 receptors was observed using flow
cytometry (Nagasawa ct al. 2002).

Statistical analysis

Data were subjected to one-wayanalysis
of variance (ANovA) using StatView.
Fisher’s protected least significance
test was used for the post hoc compar-
ison of specific groups.

Results

Expression of TGF-f receptors on PDL
and HGF

41+1.1% of PDL expressed TGR-£
receptor T and 5.340.2% of PDL

TGF-B-stimulated PDL produces [L-11

expressed TGF-f receptor TI on the
cell surfaces. 5.6£0.2% of HGP

expressed TGF-8 receptor I and
 4.8+2.3% of HGF expressed TGF-f

receptor I] on the cell surfaces.

Time course of IL-11 mRNA and BMP-2

mRNA expression in PDL stimulated with
TGF-f

In the preliminary experiments, different
concentrations of TGF-f were used to
stimulate PDL and HGF (0.02, 0.2, 2 and
LOng/ml TGP-£), and optimal response
was observed at > 2ng/ml of TGF-f
(data not shown}. An increase of IL-11
mRNA in PDL was apparent in 6h, with
the addition of 2 ng/ml TGP-§. Thelevel
of IL-1i mRNA peaked between 6 and
12h and then returned to a baseline level

by 24h (Fig. 1). Similarly, an increase of
BMP-2 mRNA was apparent in 6h with
the addition of TGF-f and the Ievel of
BMP-2 mRNA peaked between 6 and
12h and then returned to a baseline level

by 24h ig. 1).

Effect of TGF-f on IL-11 mRNA expression
in PDL and HGF

Real-time PCR analysis showed that IL-
ii mRNAexpression was significantly
up-regulated by TGF-f in both PDL and
HGF (6h after stimulation). The IL-11
mRNA was significantly higher in PDL
than in HGF in both stimulated and non-

stimulated conditions (Fig. 2a).
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Effect of TGF-# on 1L-11 production in PDL
and HGF

PDL produced significantly higher
amounts of TL-L1 than HGF in either
stinmlated or non-stimulated conditions

(Fig. 2b).

Effect of TGF-#1 on TGF-61 MANA
expression in PBL and HGF

TGF-8 mRNA expression was signifi-
cantly up-regulated by TGPF-f in PDL
(Fig. 3).

The up-regulation of TGF-f mRNA
was not statistically significant in HGP
(Fig. 3).

Effect of PKC inhiblors on IL-11

production in PDL and HGF stimulated
with TGF-f1

Staurosporine streptomyces (ST) and
myristoylated (Myr) PKC significantly
suppressed IL-11 production in PDL
stumulated with TGF-f1 (Fig. 4a). The
effect of the inhibitors was 31.9% and

37.4%, respectively. Staurosporine
streptomyces (ST) and (Myr) PKCsig-
nificantly suppressed IL-i1 production
by HGF stimulated with TGP-f (Fig.
4a). The effect of the inhibitors was
65.4%and 53.4%, respectively.

Effect of PKC activator on IL-11

production in PBL and HGF

PMAsignificantly enhanced IL-11 pro-
duction in PDL, but the amount of IL-1}
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Fig. 2. Time course of Interleukin (L)-11 mRNA and bone morphogenetic protein-2 (BMP-
2) mRNA expression in periodontal ligament cell (PDL) stimulated with transforming growth
factor (TGF)-§ PDL was cultured in the presence of 2ng/ml TGF-f. RNAharvested at 0, 1, 6,
12, 24h, and reverse transcriptase polymerase chain reaction (RT-PCR) was performed by
real-time PCR to evaluate IL-1] and BMP-2 mRNAexpression. An increase of IL-11 mRNA
and BMP-2 mRNA was apparent in Gh after the addition of TGF-f. Open and closed circles
indicate the increase of IL-1] mRNA ( « ) and BMP-2 mRNA(0 }, respectively. Data are
representative of three separate experiments.
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Fig. 2. (A) Effect of transforming growth factor (TGF)-$ on Interleukin (IL)-11 mRNA
expression in PDL and human gingival fibroblasts (HGF). The celis were stinmlated with
2nefml TGT-f for 6h. After incubation, RNA was extracted and reverse transcriptase
polymerase chain reaction (RT-PCR) was performed. IL-1] mRNA expression was evaluated
byreal-time PCR, as described in Material and Methods. Values shown are mean = SD. Data
are representative of three separate experiments. “Significantly different from control
(p <0.05). (B) Effect of TGF-$ on IL-1] production in PDL and HGF. The cells were
stimulated with 2ng/ml TGF-f for 24h. After incubation, IL-1] levels in the culture media
were determined by enzyme-linked immunosorbent assay, as described in Materials and
Methods. Values shown are mean +b SED. Data are representative of three separate experi-
ments. “Significantly different from control (p< 6.05).

was less than that after TGF-§ stimuia-
tion (Fig. 4b). The percent of the TGF-£
response obtained with PMAalone was
45.3%. PMA-enhanced [L-11 produc-
tion in HGP. The amount of IL-1] was

also less than that after TGF-/ stimula-
tion (Fig. 4b). The percent of the TGP-f
response obtained with PMAalone was
29.1%.

Discussion

In this study, TGF-$ augmented IL-1!
mRNA expression, resulting in the

enhancement of IL-1! production. HL-
Li mRNAwas constitutively expressed
in PDE and HGF, and it was sigmf-
cantly higher in PDL.

TGE-f is an important local regulator
of metabolism (Centrella et al. 1994),

and is produced by various kinds of cells
including macrophages, as well as
mesenchymal fibroblastic cells. Two
classes of receptors (type I and type HD)
have been identified as signal-transdu-
cing receptors for TGF-§ (Yamashita et
al. 1996). We confirmed that TGF-/ RI
and RIP were expressed on both PDL
and HGF. Expression of TGF-f recep-

tors on HGF and PDL suggests that PDL
and HGF might be regulated by TGF-£
released from the matrix during bone
resorption or produced by various cells
including macrophages in the perio-
dontal tissue. It has been demonstrated

using flow cytometry that both PDL and
HGF express TGF-6 RI and TGF-£ RIL,
although in only a portion ofthe total
cells (Parkar et al. 2001). In our results,
percentage of the positive cells was
lower than their report. It might be
because of the different antibodies

used. Celis expressing a low amount of
TGF-f receptors might be counted as
negative cells in our study.

Although a large amount of TGF-f is
released from the hone matrix or pro-
duced by various cells inchiding macro-
phages in the periodontal tissue, it is
difficult to determine the physiological
TGF-§ concentration in periodontal tis-
sue. It has been reported in vivo that
0.05 pg of TGEF-f plus bone marrowcells
induced bone formation imrabbit skuil

defect (Tabata et al. 2000). Our dose of
TGF-§ (2ng/ml) is lower than their
study, and the concentration might be
closer to the physiological concentration.

IL-1i mRNA expression was signifi-
cantly higher in PDL than in HGP in
both TGF-f-stimulated and non-stimu-
lated conditions (Fig. 2a). The produc-
tion of IL-l was also significantly
higher in PDL than in HGP in both
TGF-f-stimulated and non-stimulated
conditions (Fig. 2b), suggesting that
the production of IL-il by PDL was
transcriptionally regulated.

Somerman et al. (1988) compared
PDL and HGF derived from the same

patient, same passage, in vitro. They
found greater protein and collagen pro-
duction and higheraikaline phosphatase
levels in PDL than in HGP. Although all
the six lines showed similar responses in
the present study, we should take into
consideration that the PDL and HGF
were derived from different individual.

There is considerable heterogeneity
within each group of gingival or perio-
dontal ligament fibroblasts cell lines
(Hassell & Stanek 1983, Dongari-Bagt-
zogiou et al. 1997).

Earlier reports indicate that IL-11 aug-
ments osteoclastogenesis in vitro CHill et
al. 1998, Yasudaet al. 1998b). It has been
repoted that ILl-« and TNF-o« stimulate
HGP to producelL-11 (He et al. 2004).
IL-11 produced by IL-I-stimulated HGF
might augment osteoclastogenesis. How-
ever, gingival concentrations of IL-1!
were highest within gingiva adjacent to
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Fig. 3. Effect of wansforming growth factor (TGF)-f8 on the expression of TGF-f mRNA in
PDL and human gingival fibroblasts (HG). The cells were stimulated with 2ng/ml TOT-£
for 6h. After incubation, RNA was extracted and reverse transcriptase polymerase chain
reaction (RT-PCR) was performed. TGF-§ mRNA expression was evaluated by real-time
PCR, as described in Material and Methods. Values shown are mean + SD. Data are

representative of three separate experiments. “Significantly different from control (p <0.05).
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Fig. 4. (a) Effect of protein kinase C (PKC) inhibitors staurosporine streptomyces (ST) and
myristoylated PKC (Myr) on transforming growth factor (TGF)-f£-stimulated Interleukin
(L}-11 production in periodontal ligament cells (PDL) and human gingival fibroblasts
(HGP). PDL and HGF were cultured with or without 2ng/ml TGP-81 and PKC inhibitors
(4000M ST and 4uM Myr) were simultaneously added. After 24h, supernatants were
collected and enzyme-linked immunosorbent assay was performed. Values shown are
mean -+ SD. Data are representative of three separate experiments. “Significantly different
from control (p<0.05). (b) Effect of PKC activator phorbol 12-myristate 13-acetate (PMA)
on TGP-f-stimulated [L-11 production in PDL and HGP. PDL and HGF were cultured with
or without 2ng/mil TGP-8 or PKC activator G0nM PMA). After 24h, supernatants were
collected and enzyme-linked immunosorbent assay was performed. Values shown are
mean + SD. Data are representative of three separate experiments. “Significantly different
from control (p< G.08).
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3mmdiseased pockets and gingival con-
centrations of IL-11 were significantly
lower in gingiva adjaccnt to 6mm pock-
ets Gohnson et al. 2004). They suggest
that the elevated concentration of IL-1]

is a consequence of changes in the gingi-
val microenvironment during early stages
of gingival inflammation. The lower IL-
11 concentration within gingiva adjacent
to 6mm pockets could minimize the
potential protective effect of IL-11. IL-
ii has been reported to down-regulate
synthesis of TNF-« and IL-1 f invitro,
which are potent proinflammatory cyto-
kines (Trepicchio et al. 1996). In a
higature-induced beagic dog modcl, sub-
cutaneous injection of IL-11 slowed
down the progression of attachment and
radiographic alveolar bone loss (Martus-
cell et al. 2000), suggesting that TL-11
might ameliorate inflammatory response
in the gingival tissue.

Several investigators reported the
involvement of IL-11 in osteoblast differ-
entiation and bone formation in vivo and

in Vitro. Transgenic mice expressing the
IL-fi gene exhibited enhanced ratios of
bone volume/tissue volume and increased

bone formation rates, indicating that JL-
if positively affects bone formation
(Takeuchi et al. 2002). TL-i1 has been
observed to induce osteoblastic differen-

tiation of CSHIOTI/2 mouse mesenchy-
mal progenitorcells, to act synergistically
with BMP-2, and to be an early acting
mediator of bone formation (Suga et al.
2001). These cytokines acted synergisti-
cally on bone formation in vivo, ina rat
ectopic model (Suga et al. 2003) and
rabbit model (Suga et al. 2004).

In this study, increase of BMP-2
mRNA was apparent at Gh with the
addition of TGF-f in PDL, and this was
similar to the increase of IL-Ll mRNA

stimulated with TGF-f1 (Fig. 1). PDL
might augment bone formation through
the combined production of TL-11 and
BMP-2. IL-f1 and BMP-2 might act
synergistically on osteoblasts. Further-
more, TGF-S mRNA expression was
up-reguiated in PDL stimulated with
TGF-/ (Fig. 3). This suggests that atto-
crine TGER-§ production may further
augment IL-11 induction.

PKC-dependent activities have been
found to participate in TGF-f1-induced
gene expression (Halstead et al. 1995,
Mucsi et al. 1996). For example, TGF- 3
activates PKC to imduce collagen 1
expression in mesangial cells (Runyan
et al. 2003). In PDL stimulated with
TGF-f, both PKC inhibitors ST and
Myr suppressed IL-ii production
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(Fig. 4a}, suggesting that the production
of IL-Li was ,at least in part, mediated
by PKC. The PKC activator PMA
enhanced IL-11 production, suggesting
that PKCactivation directly augmented
IL-il production (Fig. 4b) in PDL.
However, other pathways might regu-
late IL-11 production, as the inhibitors
did not completely inhibit IL-1] produc-
tion, nor did the PDL stimulated with

PKC activators secrete comparable
amounts of IL-11 to TGF-f stimulation.

In conclusion, PDL produced higher
levels of IL-1 1 than HGF in response to
TGP-§. Simultaneous production of TL-
il and BMP-2 by PDL might be a
pathway for bone formation by perio-
dental ligament fibroblasts stimulated
with TGE-f.
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Abstract

Background

The protectiverole of IL-11, an IL-6 family cytokine, has been implicated in ischemia/reper-

fusion injury (IRI) in the heart and kidney, but its role has not been elucidatedin liver IRI.

This study was designedto evaluate the effects of IL-11 and its mechanism of action on
liver IRI in a mouse model.

Methods

A partial (70%) warm liver IRI was induced by interrupting the artery/portal vein blood supply

to the left/middleliver lobes. IL-11 mRNA expression of ischemicliver after reperfusion was

analyzed. Signal transducerand activatorof transcription 3 (STATS) was analyzedfollowing

IL-11 treatmentin vivo andin vitro. Next, IL-11 was injected intraperitoneally (ip) 1 hour be-

fore ischemia.Liver injury was assessed based on serum alanine aminotransferase levels

and histopathology. Apoptosis and inflammation were also determinedin the ischemicliver.

To analyze the role of STATS in IL-11 treatment, STAT3 siRNA or non-specific (NS) siRNA
wasusedin vitro and in vivo.

Results

IL-11 mRNA expression wassignificantly increased after reperfusion in the ischemicliver.

STATS, as a target of IL-11, was activated in hepatocytes after IL-11 treatment in vivo and

in vitro. Next, effects of IL-11/STATS signaling pathway were assessedin liverIRI, which

showed IL-11 treatmentsignificantly attenuatedliver IRI, as evidenced by reduced hepato-

cellular function and hepatocellular necrosis/apoptosis. In addition, IL-11 treatmentsignifi-

cantly inhibited the gene expressionsof pro-inflammatory cytokines (TNF-a and IL-10) and

chemokines(|P-10 and MCP-1). To determine the role of STAT3 in the hepatoprotective

1/16
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effects of IL-11, STAT3 siRNA or NS siRNA wasusedprior to IL-11 treatment. The results

showed STATS knockdown abrogated the protective effects of IL-11 in vitro and in vivo.

Conclusions

This work providesfirst-time evidencefor the protective effect of IL-11 treatment on hepato-

cytein liver IRI, through the activation of the STATS pathway.

Introduction

Ischemia-reperfusion injury (IRI) is a key contributing factorin liver dysfunction and failure
after hepatic trauma, resection, liver transplantation, and circulatory shock [{-4]. An effective
methodfor preventing or minimizing liver IRI is urgently needed in liver surgery. The factors/
pathways have been involvedin the hepatic IRI process include anaerobic metabolism, mito-
chondria damage, oxidative stress, endoplasmicreticulum stress, intracellular calcium over-
load, Kupffer cell (KC) activation, neutrophilinfiltrations, and production of cytokines and
chemokines [1-3]. The adverse factors mentioned abovefinally lead to cell death/apoptosis,
whichindicates that cell death/apoptosisis a significant and perhaps principal contributor to
liver IRI [5-7]. Thus, understanding the sequence of events central to the cell death/apoptosis
mechanism may potentially lead to treatments for liver IRI.

IL-11 is a hematopoietic IL-6 family cytokine with multifunctionaleffects. Indeed, IL-11 has
thrombopoietic activity, and recombinant human IL-11 has been used for thrombocytopenia
in clinical settings [8]. Different from other IL-6 family cytokines, IL-11 holds anti-inflamma-
tory function against chronic inflammatory diseases, lipopolysaccharide-induced sepsis, etc
[9-21]. Kimura’s group reported that IL-11 played a cardioprotective role, and conferred resis-
tance to heart IRI in a mouse model by enabling significant anti-necrotic/apoptotic effects [12].
In addition, IL-11 pretreatment also reduces IR-induced cell death/apoptosis by up-regulating
Bcl-2 [£3]. More importantly, IL-11 shares somesimilar effects to other IL-6 family members.
It has been reported that IL-11 binding with gp130 receptor inducesactivation of STAT3,
whichis involved in many physiological and pathological processes [14]. Inhibitors of STAT3
phosphorylation or dominant-negative STAT3 mutants facilitate the expression of pro-apopto-
sis factors, suggesting that STAT3playsa critical role in regulatingcell proliferation and anti-
apoptosis [15]. Furthermore, STAT3 knockout mice exhibit complete embryonic lethality [16].
Conditional ablation of STAT3 in myocardialcells leads to higher susceptibility to drug-in-
duced heartfailure [37]. To the best of our knowledge, there has been no report on IL-11 pre-
conditioning before liver IRI. In the present study, we tested the hypothesis that exogenous IL-
L1 attenuates liver IRI by STAT3-mediated anti-necrotic/apoptotic effects.

Materials and Methods

Animals

Male C57BL/6 mice were purchased from the Laboratory Animal Resources Center of Nanjing
Medical University (NMU). The animals were fed a laboratory diet with water and food and
kept under constant environmental conditions with 12h light-dark cycles. Procedures were
carried out in accordance with the Guidelines for Laboratory Animal Care. The animal proto-
col had been approvedbythe Institutional Animal Care & Use Committee (IACUC) of Nan-
jing Medical University (Protocol Number NMU08-092).

PLOS ONE| DOI:10.1371/joumal.pone.0126296 May 6, 2015 2/15
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Surgical procedure and IL-11 treatment

Thepresent study used a well-established mouse modelofpartial (70%) warm hepatic IRI [18].

Anesthesia was induced by 10% chloral hydrate (0.3g/kg, intraperitoneally). Mice were injected
with heparin (100U/kg), and an atraumatic clip was used to interrupt the artery/portal vein
blood supplyto the left/middle liver lobes. After 90 minutes of ischemia, the clip was removed,
and the mice weresacrificed (cervical dislocation) at required timesafter reperfusion. Some

mice received a single injection of recombinant human IL-IL-11 (500ug/kg,ip) (PeproTech,
Rocky Hill, NJ) or medium (PBS) | hourprior to ischemia. PBS injection was used as a control.
Sham-operated controls underwent the same procedure but without vascular occlusion. To ac-
cess effects of STAT3 on IL-11 treatment, STAT3 siRNA or NS siRNA (2mg/kg) wasgiven in-
travenously 4 hoursprior to ischemia [1%]. Reports have previously documentedthe efficacy of
this siRNA approachin the liver, with>40% of intravenously infused siRNA accumulating in
the ischemic mouselivers [2.8].

Serum biochemical examination

Blood samplescollected 6h after reperfusion was centrifuged to obtain serum. The serum level
of alanine aminotransferase (sALT) or supernatantlevel of lactate dehydrogenase (LDH) was
measuredto assess the extent of hepatocyte damage using an automated chemical analyzer
(Olympus Automated Chemistry Analyzer AU5400, Tokyo, Japan).

Histopathologic study

Liver specimenswerefixed with 10% neutral formaldehyde and then embedded in paraffin.
The specimens were sectioned at 44m and stained with hematoxylin and eosin. The sections
were used in histopathologic analysis by light microscopy. Sections were scored from 0 to 4 for
sinusoidal congestion, vacuolization of hepatocyte cytoplasm, and parenchymal, as described
by Suzuki et al [2].

Caspase-3 activity assay

Caspase-3 activity was assayed inliver tissues 6h after reperfusion. Frozen samples of ischemic
tissues were homogenized with a Polytron homogenizer and centrifuged at 16,000g for 20 min-
utes. Activity was measured with an assay kit (Calbiochem) accordingto the
manufacturer’s instructions.

Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)
staining

Paraffin sections (4umin thickness) were deparaffinized in toluene and then dehydrated in a
gradedseries of ethanolsolutions. Sections were stained by TUNEL using a commerciallyavail-
able kit (in situ cell death detection kit, Roche-Boehringer Mannheim, Germany).

Western blot analysis

Proteins were extracted fromliver tissues subjected to ischemia or fromcell lysates, and their
concentrations were determined by the Bradford assay (Bio-Rad, CA). About 30 ug protein
was resolved by sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred to
nitrocellulose membranes (Sunshine Biotechnology, China). Thesemembranes were blocked
in skim milk powder (5% wt/vol) with phosphate buffered saline containing 0.1% Tween 20
(PBS-T) at 4°C overnight. Membranes were then incubated with primary antibodies for cleaved
Caspase-3, P-STAT3, Bcl-2, Bax, B-actin (Cell Signaling Technology, Danvers, MA), and

PLOS ONE| DOI:10.1371/joumal.pone.0126296 May 6, 2015 3/15
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STATS (Santa Cruz Biotechnology, Santa Cruz, CA). Following three washes with PBS-T,the
membranes were incubated for 1h at room temperature with peroxidase-conjugated secondary
antibody (Cell Signaling Technology, Danvers, MA). Thefinal results were obtained by expo-
sure to autoradiographic film (Kodak XARfilm), and then visualized via a chemiluminescent
detection system (ECL Substrate Western blot detection system, Pierce,IL).

Quantitative real-time PCR

Quantitative real-time PCR was performed using the DNA Engine with a Chromo 4 Detector
(MJ Research, Waltham, MA). Ina final reaction volumeof25ul, the following were added:
1xSuperMix (Platinum SYBR Green qPCRKit; Invitrogen), cDNA, and 2.5uM of each primer.
The amplification conditions were as follows: 50°C (2 min), 95°C (5 min), followed by 50 cycles
at 95°C (15 sec) and 60°C (30 sec). The expressionofthe target genes (IL11, TNI'-o, IL-6, IP-
10 and MCP-1) (Invitrogen, Shanghai, China) was calculated based on theratio of the gene of
interest to the housekeeping gene HPRT.Primersets (sense sequence and antisense sequence,
respectively) for the following genes were: HPRT forward, 5’°- TCA ACG GGG GAC ATA
AAA GT-3’, reverse, 5’- TGC ATT GIT TTA CCA GTG TCAA’; IL-11 forward: 5°- CTG

CCC ACC TTG GCC ATG AG-3’; IL-11 reverse: 5’- CCA GGC GAG ACA TCA AGA AAG

A-3’; TNE-o forward, 5’- GCC TCT TCT CAT TCC TGC TTG T-3’, reverse, 5’- TTG AGA

TCC ATG CCG TTG-3’; IL-6 forward, 5’- GCT ACC AAA CTG GAT ATA ATC AGG A-3’,

reverse, 5’- CCA GGT AGC TAT GGT ACT CCA GAA-3’; IP-10 forward. 5’°-GCT GCC GTC

ATT TTC TGC-3’, reverse, 5’°-TCT CAC TGG CCC GTC ATC-3’; MCP-1 forward, GGT GAT

AAC CGC CCT AGC-3’, reverse, 5’°-TGT GTC GGC TGG ATA GGC-3’.

Cell culture and treatment

Mouse hepatocytes wereisolated using a two-step in situ collagenase perfusion procedure [18].
Livers from the C57BL/6 mice were perfusedin situ through the portal vein with ethylene
glycol tetraacetic acid (EGTA) buffer (0.5mM EGTA, 137mM NaCl, 4.7mM KCl, 1.2mM
KH2P04, 0.65mM MgSO4, and 10.07mM HEPESat pH 7.4)at a flow rate of 5m1/minfor
10 min,followed by collagenase buffer (67mM NaCl, 6.7mM KCl, 4.76mM CaCl2, 0.035% col-
lagenase type II, and 10.07mM HEPESat pH 7.6) at a flow rate of 5ml/min for 15 min. After
centrifugation, the hepatocytes were collected and seeded in DMEMcontaining 10% FBS,
LOOunits/mlpenicillin, and 100ug/ml streptomycin. Cells were preincubated with IL-11
(1yg/mlfor Lh), then HO, (200um for 24h) to induce cell death.

Knockdown of STATS expression using STATS siRNAtransfection

Hepatocytes were grown andtransiently transfected with STAT3 siRNA or NS siRNA using
Transfection Reagent LipofectamineTM RNAiMAX (Invitrogen, CA, USA) accordingto the
manufacturer’s instructions. In brief, cells were seeded at 1 x 10° per well in 1.5ml of OPTI-me-
dium (Invitrogen, CA, USA) in a 6-well plate. After 20h, the cells were transfected with
20nmol/ml STAT3 siRNA or NS siRNA. About6h after transfection, the medium was changed
to a regular medium,and thecells were treated as described aboveafter 24h.

Statistical analysis

The data are presented as the mean + SEM fromatleast three independent experiments. One-

wayanalysis of variance test [—] was used in comparisons of three groups. Student’s t-test [IT]
was used for comparison of two groups. All P values were two-sided, and P<0.05 was consid-
ered to be statistically significant.
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Fig 1. IL-11 expression was increasedafter IR. Mice were subjected to 90min ofpartialliver ischemia,
followed by Oh, 1h, 3h and 6h reperfusion. Kinetics of IL-11 gene expression was analyzedin ischemic liver
by RT-PCR.Expression of IL-11 was normalized with that of HPRT. Data are expressed as mean+SD (n = 6/

 
Results

IL-11 is elevated in |R-stressed liver

To determine theeffects of IL-11 on liver IRI, wefirst analyzed the gene expression of IL-11 in
ischemiclivers after various reperfusion time points. As showninFig{, the expression of IL-11 
was increased at 0h post reperfusion and reachedits peak 3h post reperfusion. The data indi-
cate that IL-11 was present in the liver 3h after reperfusion.

IL-11 activates STATSin liver and hepatocytes

IL-11, an IL-6 family cytokine, was supposed to activate STAT3. Here we determined whether
administration of IL-11 stimulates STATSin liver by western blotting with antibody (fig 2.4).
Phosphorylation of STAT3 was rapidly induced and recovered nearly to baseline after 2 hours.
To further ascertain that phosphorylation of STAT3 occurred in hepatocytes, we analyzed the
effects of IL-11 on STATSactivity of hepatocytes in vitro. © hows phosphorylation of
STAT3 wasalso significantly elevated after IL-11 treatment, indicatingg that IL-11 administra-

 

 

tion may activate STAT3 within parenchymalcellsin theliver.

IL-11 attenuatesliverIRI

Next, we analyzed effects of IL-11 administration in liver IRI. Mouselivers were subjected to
90 min of warm ischemia 6h after reperfusion. sALTlevels in each group were analyzed (£ 

group (33.33+45.49 and 10610.0041393.00, respectively; P<0.01). By contrast, when mice were
pretreated with IL-11, sALTlevels (3832.004834.90, P<0.01) weresignificantly decreased com-
pared with those in the IR control. Liver serum enzymedata werein line with liver pathological
analysis (3 . The histological parameters in the sham (0.25+0.25), IR (3.20+0.37),
and IL-11 administration (1.8+0.37) groups were observed according to Suzuki et al
These data indicate that IL-11 treatmentsignificantly attenuates TR-inducedliver injury.
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Gh O.5h ih 2h Oh G.5h ih 2h

IL-Li treatment iL-1d treatment

Fig 2. IL-11 activated STATS in hepatocytesin vivo andin vitro. (A) IL-11 was administered in mice for the indicated time. The lysates from liver were
immunoblotted with anti-p-STAT3 and anti-STAT3 antibody. Representative data are shown (lower). Quantative analyses of p-STATS3 are shown(upper).
Data are exprresed as meant+SD(n = 6/group). **P<0.001. (B) Hepatocytes were treated by IL-11 for the indicated time. The lysates from hepatocytes were
immunoblotted with anti-p-STAT3 and anti-STATS3 antibody. Representative data are shown (lower). Quantative analyses of p-STATS are shown (upper).
Data are expressed as meantSD(n = 6/group), **P<0.001.

doi:10.1371/journal.pone.0126296.g002

IL-11 exhibits anti-apoptotic functions and reduces apoptosis

Apoptosis/necrosis is a central mechanism ofcell death in liver IRI. In this study, hepatocellu-
lar apoptosis was analyzed in ischemic livers by TUNELstaining 6 hoursafter reperfusion. Our
results showed TUNEL-positivecells were significantly lower in liver sections of the IL-11
treatment group compared with those in IR control group (3 8). TUNEL-positive
cells in the total hepatocytes of the three groups were (0.60+0.25)%, (10.20+1.28)%, and
(4.0040.63)%, respectively, indicating that hepatocellular apoptosis wassignificantly reduced
by IL-11 administration. In addition, anti-apoptotic protein Bcl-2 and pro-apoptotic protein
Bax were analyzed in ischemicliver, which showedthat IL-11 treatmenteffectively upregulated

 

“\

..). Caspase-cascade system, especially the compo-  Bcl-2 and inhibited Bax expression (F

nent Caspase-3, plays a critical role during liver IRI. Caspase-3 affects apoptosis by component
cleaved Caspase-3. Next, we assessed the expression of cleaved Caspase-3 by immuneanalysis,
suggesting that [L-11 administration effectively inhibited expression of cleaved Caspase-3 dur-
ing liver IRI (Fig 4€:). Apoptotic active caspase-3 directly caused hepatocellular apoptosis and
reflected the progress of apoptosis in the ischemic liver. Along with the TUNELassay and ex-

’ showsthatthe activity of caspase-3 was significantly re-

 

pression of cleaved Caspases-3, 

pressed after IL-11 preconditioning in ischemic liver tissue compared with the IR group (1.38
+0.08 and 4.44+0.289, respectively; P<0.001).

IL-11 regulates inflammatory program and MPOactivity in |R-stressed
liver

A complex inflammatory program involving cytokines and chemokinesis engagedin liver IRI.
Inflammatory cytokines (TNF-o and IL-6) and chemokines (IP-10 and MCP-1) displayed

PLOS ONE| DOI:10.1371/joumal.pone.0126296 May 6, 2015 6/15

Ex. 2001 - Page1584



Ex. 2001 - Page1585

 IL-11 in Liver Ischemia/Reperfusion Injury

ALT(U/L)
  

   
  

 IR IL-11+IR

 
 
 
 
 

 
 
 
 

OC_.
~ \ _. \

=yyEeeey
oeVasePLe 
  

SigelLe saeSuzukiScores
 
 

 
WES WSOO~~Sham IRs IL-+1141R io\NN SH

\ KC
Fig 3. IL-11 treatment attenuated liver injury induced by IR. Mice were administered with recombinant human IL-IL-11 (500ug/kg, ip) or medium (PBS)1
hour prior to ischemia,followed by 6h reperfusion. (A) SALT. (B) Histopathalogic analysis oflivers harvested 6 hours after reperfusion. Sham group: Normal
hepatic architecture; IR group: severe hepatic lobule distortion, sinusoidal congestion, apparent edema, vacuolization and massive necrosis; IL-11+IR group:
mild vacuolization, punctate necrosis and edeman. (C) The severity ofliver IRI by Suzuki's histological grading. Data are expressed as meantSD(n = 6/
group), **P<0.001.

 
 

doi:10.1371/journal.pone.0126296. 9003

proinflammatory and proapoptotic roles in ischemicliver post-reperfusion. To further assess
the hepatoprotective effects of IL-11 treatment, mRNA expressions of TNF-«,IL-6, IP-10 and

MCP-1 were determined in ischemicliver after 6h of reperfusion by qRT-PCR. Fig 5A shows a
significantly lower level of TNF-o (1.13.£0.13 and 0.31+0.04,respectively; P<0.001), IL-6
(6.7341.12 and 2.43+0.33, respectively; P<0.001), IP-10 (9.6941.63 and 2.93+0.39, respectively;
P<0.001) and MCP-1 (4.08+0.70 and 1.22+0.27, respectively; P<0.001) in the IL-11 adminis-
tration group compared withthat in the IR group. These data indicated that [L-11 effectively
inhibited the expression of inflammatory cytokines in ischemic liver after reperfusion. In addi-
tion, serum TNI'-o was further analyzed by ELISA, which showedIL-11 treatment significantly
decreased TNI-o secretion after liver IRI ({ 8). The protein level was consistent with gene
expression. The MPOactivity, reflecting neutrophil activity and infiltration, was reduced after
reperfusion in TL-11 treated liver compared with controls (5.40+0.81U/g and 2.40+0.25U/g,re-
spectively; P<0.001) (Fig 80).
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Fig 4. IL-11 treatment decreased hepatocellular apoptosis induced byIR. (A)Liver apoptosis was examined by TUNEL staining: Sham group, IR group
and IL-11+IR group. (B) Apoptotic cells were quantified in six high-power fields (400x), and expressed as percentagesof apoptotic cells amongtotal cells. (C)
Western blot-assisted detection of Bcl-2, Bax, Caspase-3 and B-actin. (D) Caspase-3 activity. Data are expressed as meantSD(n = 6/group), **P<0.001.

doi:10.1371/journal.pone.0126296.g004

Activation of STATS is essential for IL-11-mediated protective role

To evaluate the effect of STAT3 activation in an IL-11-mediated protective role, primary hepa-
tocytes were transiently transfected with STAT3 siRNA or NS siRNA. Next, STAT3 geneex-
pression wasassessed after IL-11 treatment by qRT-PCR, which showed STAT3 gene
expression wassignificantly repressed compared with the NS siRNA control (Hig 6A). These
data indicated that STAT3 expression was successfully knocked down in hepatocytes. Then,
these transfected cells were treated with H,O, to inducecell death. The released LDHlevel

was checked in the supernatant after HO, treatmentfor 24h. Fig63showsthat IL-11 treat-

ment remarkably inhibited LDH release of hepatocytes after H2O> treatment (14.00+4.32 and
14.80+1.99, respectively; P<0.001). However, STAT3 knockdownalmostrestored the de-
creased LDHrelease after IL-11 treatment (14.80+1.99 and 45.80+7.14, respectively; P<0.001).
These data indicated STATS activation is necessary for IL-11-mediated protectiverole.
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Fig 5. IL-11 treatment inhibited pro-inflammatory responeses induced byIR. (A) Cytokine gene (TNF-a,IL-6, IP-10 and MCP-1) expressions were
analyzed in ischemic livers by RT-PCRanalysis. Expressions of cytokine gene were normalized with that of HPRT. (B) TNF-a secretion was examinedin
serum by ELISA. (C) MPOactivity in ischemicliver. Data are expressed as mean+SD(n = 6/group), *P<0.05, **P<0.001,

doi:10.1371/journal.pone.0126296.g005

Knockdown of STATSrestoresliver IRI in IL-11-treated mice

To furtherassess the effect of STAT3 activation in IL-11-mediated hepoto-protective role dur-

ing liver IRI, mice were injected intravenously with STAT3 siRNA or NS siRNApriorto ische- 
 mia. As shownin Fig 7A, IL-11 treatment significantly increased expression of P-STAT3,

which was reversed in STAT3 siRNAgroup. Fig 78 shows STAT3 siRNA treatmenteffectively
neutralized the reduced sALTlevels after IL-1 1treatment (P<0.001) (3795+879U/Lversus

11460+1941U/L, respectively). These data correlated with Suzuki's histological gradingofliver
TRI (£

tion without edema,or necrosis [Fi

 

 

 

(3). Indeed, IL-11 resulted in minimal liver sinusoidal congestion, vacuoliza-
 fg FC(c); score = 1.80+0.37]. In contrast,livers in untreated

or STAT3 siRNA-treated mice displayed moderate to severe edema and extensive hepatocellu-
lar necrosis [Fig7(b and d), } * (panels b and d); score = 3.60+0.25 and 3.40+0.40,re-
spectively]. In addition, cleaved Caspase-3 was further analyzed in ischemic liver, which
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Fig 6. STAT3 knockdownabolishedIL-11 protective effects in vitro. (A) STAT3 gene expression was analyzed in transfected hepatocytes by RT-PCR
analysis. Expressions of gene were normalized with that of HPRT.(B) The released LDH level of hepatocytes after H2O2 treatment. Data are expressed as
meantSD(n = 4-6/group), **P<0.001, ***P<0,0001.

doi:10.1371/journal.pone.0126296.g008

showed IL-11 treatmentpartially inhibited IR-triggered cleaved Caspase-3 upregulataion (fig
7A). These data indicated knockdown of STATS3recreates liver IRI in IL-11-treated mice.

 

Discussion

IL-11 has displayed protective roles during ischemia-reperfusion injury (IRDin the heart, kid-
ney andintestine, but a similar role has not been elucidatedin liver IRI [3 3]. In this
study, we havefor the first time demonstrated that IL-11 pretreatment is a promising method

 

for preventing or minimizing liver IRI. Indeed, IL-11 treatment improvedliver function, atten-
uated histology damage, impaired proinflammatory cytokine/chemokine programs, and re-
duced hepatocellular death/apoptosis in IR-stressed livers. However, the IL-11 mediated

protective role was partially impaired by STAT3 siRNAin vivo andin vitro. These findings
demonstrate that IL-11 treatment attenuates liver IRI through activating the STAT3
signaling pathway.

IL-11 is a hematopoietic IL-6 family cytokine first identified from marrow-derived stromal
cells. It is a key regulator of hematopoiesis and promotes megakaryocyte maturation[ 
11 as well as its receptors is expressed in manytissues andcell types, including macrophages,
hepatocytes,etc. in liver tissues [25]. Du’s groupfor thefirst time reported the protective effects
of IL-11 in models of cytoablative chemoradiotherapy in 1994. Then, someresearchers have
demonstrated that IL-11 play protective roles in various pathophysiologic states [25]. Different
from other IL-6 family members, IL-1 1 administration reduces inflammatory responses in
chronic inflammatory diseases, lipopolysaccharide-induced sepsis, macrophages inflammation,
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Fig 7. STAT3 knockdownabolished IL-11 protective effects in vivo. Mice were injected with STATS siRNA or NS siRNA 4h prior to ischemia, and
administered with IL-11 1h prior to ischemia, followed by 6h reperfusion. (A) Western blot-assisted detection of P- STAT3, Cleaved Caspase-3 and B-actin.
(B) sALT. (C) Histopathalogic analysis oflivers harvested Ghafter reperfusion. Sham group: Normal hepatic architecture; NS siRNA+IR group: severe
hepatic lobule distortion, sinusoidal congestion, apparent edema, vacuolization and massive necrosis; NS siRNA+IL-11+IR group: mild vacuolization,
punctate necrosis and edeman; STATS siRNA+IL-11+IR group: severe hepatic lobule distortion, sinusoidal congestion, apparent edema, vacuolization and
massive necrosis. (D) The severity ofliver IRI by Suzuki's histological grading. Data are expressed as meantSD (n = 6/group), *P<0.05.

doi:10.1371/journal.pone.0126296. 9007

  
nephrotoxic nephritis and T-cell mediated liver injury [-11]. The present study also demon-
strated that IL-11 treatmenteffectively inhibited inflammatory responses of ischemicliver,as
evidenced by reducing pro-inflammatory cytokines (TNF-o and IL-6) and chemokines (IP-10
and MCP-1), and repressing MPOactivtity. In addition to its anti-inflammatoryproperties,
IL-11 treatment has been shownto attenuate necrotic and apoptotic cell death in many organs
including the heart, intestines and endothelial cells [25]. In fact, apoptosis/necrosis is a key
mechanismofcell death in liver IRI, which directly indicates the extent ofliver damage. In our
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study, hepatocellular death/necrosis as well as apoptosis was also observed in ischemic liver.
Our data showedthat [L-11 attenuated hepatocellular death/necrosis (ALT, Suzuki’s score) as

well as apoptosis (TUNELstaining, cleaved-Caspase 3 fragmentation) in ischemic liver after
IRI. In addition, we also analyzed effects of IL-11 on hepatocellular death/necrosis by LDH re-
lease level in vitro, which was consistent with in vivo results. Thus, we conclude that IL-11 ad-

ministration provides liver protection against IRI by reducing inflammation and necrosis/
apoptosis.

The molecular mechanismsof IL-11 mediated signaling pathwayfor an anti-inflammatory
and anti-necrosis/apoptosis might involvetheactivation of multiple intercellular pathways.
After IL-11 binds to the IL-11 receptor, the ligand-receptor complexinteracts with a common
receptor subunit, glycoprotein 130 (gp130), leading to gp130-associated kinase-mediated tyro-
sine phosphorylation [2]. In vascular endothelial and intestinal epithelial cells, IL-11 protects
against oxidant induced necrosis and apoptosis via mechanisms involving ERK, MAPK, AKT
and/or induction of HSP25 [2 |, In renal IRI, [L-11 performsrenal protection by direct
induction of sphingosine kinase-1 (SK-1) via nuclear translacation of HIF-1a.In cardiac myo-
cytes, [L-11 treatmentattenuates injury andfibrosis via Janus Kinase-Signal Transducer and
Activation of Transducer 3 (JAK-STAT3) pathwayactivation [12, 23, 29]. KawakamiT et al
have demonstrated rhIL-11 confers significant protection against CC]4-induced hepatic injury

 
  

> >

 

by virtue ofits liver-specific HO-1 induction [20]. In addition, a previous studydemonstrated
STAT3activation after Ad-HO-| treatment improved the hepatocellular function in a mouse

model of segmental liver warm IRI [3%]. In the present study, IL-11 treatmentrapidly activated
STAT3in hepatocytesin vivo and in vitro, and reduced liver injuryafter reperfusion. However,
IL-11 administration shows weak hepatocellularprotective effects in STAT3siRNA transfected
hepatocytes or STAT3siRNAtransfected mice. Therefore, hepatocyte is an importanttarget in
the action of IL-11, and IL-11-mediated protection ofliver IRI is partially dependent on
STAT3activation of hepatocytes. Whether HO-1 is involved in this protective procedurewill
be further investigated in the future.

Evidence exists that the STATSsignaling pathwaytransducesstress-activating extracellular
chemicalsignals into cellular responses for a number of pathophysiological processes, such as
immunity, inflammation and apoptosis, and is involved in liver IRI. The function of activated
STAT3is controversial; some studies have associated it with survival [3-33], while others 

haverelatedit to cell death [34]. Previous studies have confirmed that STAT3 alterations affect

Bcl-2 and Bax protein expression and induce inflammation and apoptosis in manytypes of
 tumorcells [3:

Bcl-2 and Bax,have been identified as STAT3 target genes [38]. In our study, STAT3 activation
reduced hepatocellular necrosis/apoptosis andliver injury induced by IR after IL-11 treatment,
but STAT3 knockdownrestored the hepatocellular necrosis/apoptosis andliver injury in IL-
11-treated mice. These data indicate that IL-11 treatment reduces hepatocellular necrosis/apo-
ptosis by STAT3activation. Lee et al demonstrated that co-activated NF-«B and STAT3 modu-
late Bax/Bcl-xL expression and promotecell survival in head and neck squamouscell

?]. In mycosis fungoides tumorcells, some apoptosis-related genes, such as

carcinoma [38]. In primary cortical neurons and murine modelsofstroke, the activation of
STATSpathway by secretoneurin has been found to exert neuroprotective effects and induce
neuronalplasticity after hypoxia and ischemic insult [39]. Using a mouse model of myocardial
infarction, Obana M et al demonstrated that IL-11 exerted protective effects against myocardial
ischemic injury through IL-11R-mediated STAT3activation, antiapoptotic signaling and
proangiogenicactivity [23]. In addition, STAT3 has been demonstrated to have an anti-inflam-
matory function in many pathophysiological processes[23]. Inflammatory response plays a
pathogenicrole in liver I/R injury, especially innate immuneresponses involved in cytokines
and chemokines, including TNF-o.,IL-6, IP-10, MCP-1 and so on [40-4: 
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demonstrated that STAT3activation repressed TLR4-drived inflammationbyactivating PI3K/
Aktsignaling duringliver IRI . Consistent with the above data, our results also showed that
IL-11-induced STATSsignaling inhibited pro-inflammatory cytokines and chemokines.

In conclusion, our findings demonstrate for thefirst time IL-11-mediated STATS attenuates
IR-triggeredliver injury. IL-1 1-mediated STAT3 signaling not only reduces hepatocellular apo-

 

ptosis, but also inhibits inflammatory responses. Thus, our study provides a rationale for novel
therapeutic approaches to the managementofliver injury triggered by TR.
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Cellular and molecular mechanismsoffibrosis

TA Wynn*
immunopathogenesis Section, Laboratory of Parasitic Diseases, National Institute of Allergy and
infectious Diseases, National institutes of Health, Bethesda, MD, USA

Abstract

Fibrosis is defined by the overgrowth, hardening, and/or scarring ofvarious tissucs and is attributed
io excess deposition of extracellular matrix components including collagen. Fibrosis is the end result
of chronic inflammatoryreactions induced bya variety of stimuli incliding persistent infections,
autonmmunereactions, allergic responses, chemical insults, radiation, and tissue injury. Although
current treatments for fibrotic diseases such as idiopathic pulmonaryfibrosis, liver cirrhosis, systemic
sclerosis, progressive kidney disease, and cardiovascular fibrosis typically target the inflammatory
response, there is accumulating evidence that the mechanisms driving fibrogenesis are distinct from
these regulating inflammation. In fact, some studies have suggested that ongoing inflammationis
needed to reverse established and progressive fibrosis. The key cellular mediatoroffibrosisis the
myofibroblast, which when activated serves as the primary collagen-producing cell. Myofibroblasts
are generated froma variety of sources including resident mesenchymalcells, epithelial and
endothelial cells in processes termed epithclial/endothclial-mesenchymal (EMT/EndMT}transition,
as well as from circulating fibroblast-like cells called fibrocyies that are derived from bone-marrow
stem cells. Myofibroblasts are activated by a variety of mechanisms, including paracrine signals
derived from lymphocytes and macrophages, autocrine factors secreted by myofibroblasts, and
pathogen-associated molecular patterns (PAMPS) produced by pathogenic organisms that interact
with pattern recognition receptors G.e. TLRs) onfibroblasts. Cytokines (L-13, IL-21, TGF-61),
chemokines (MCP-1, MIP-1/), angiogenic factors (VEGF), growth factors (PDGF), peroxisome
proliferator-activated receptors (PPARs), acute phase proteins (SAP), caspases, and components of
the renin—angiotensin-aldosterone system (ANG ID bave been identified as important regulators of
fibrosis and are being investigated as potential targets of antifibrotic drugs. This review explores our
current understanding of the cellular and molecular mechanismsoffibrogenesis.

Keywords

fibrosis; myofibroblast; collagen: wound healing; liver: hing

Introduction

In contrast to acutc inflammatory reactions, which arc characterized byrapidly resolving
vascular changes, oedema and neutrophilic inflammation, fibrosis typically results from
chronic inflammation — defined as an immune response that persists for several months and
in which inflammation, tissue remodelling and repair processes occur simultaneously. Despite
having distinct aetiological and clinical manifestations, most chronic fibrotic disorders have
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in common 2 persistent initant that sustains the production of growthfactors, proteolytic
enzymes, angiogenic factors and fibrogenic cytokines, which stimulate the deposition of
connective tissue elements that progressively remodel and destroy normal tissue architecture
fi-3},

Damageto tissues can result from various stimuli, including infections, autoimmune reactions,
toxins, radiation and mechanical injury. The repair process typically involves two distinct
phases: a regenerative phase, in which injured cells are replaced bycells of the same type,
leaving no lasting evidence of damage; and a phase known as fibroplasia or fibrosis, i which
connective tissues replaces normal parenchymal tissue. Althoughinitially beneficial, the repair
process becomes pathogenic whenit is not controlled appropriately, resulting in substantial
deposition of ECMcomponents in which normal tissue is replaced with permanentscartissue
[4]. In some diseases, such as idiopathic pulmonaryfibrosis, liver cirrhosis, cardiovascular
fibrosis, systcmic sclerosis and nephritis, extensive tissuc remodclling and fibrosis can
ultimately lead to organ failure and death (Table 1).

Wound healing versusfibrosis

Whenepithelial and/or endothelial cells are damaged, they release inflammatory mediators
that initiate an anti-fibrinolytic coagulation cascade [5], which triggers blood-clot formation
and formation of a provisional ECM.Platelets are exposed to ECM components, triggering
aggregation, clot formation and haemostasis. Platelet degranulation also promotes vasodilation
and increased blood vessel permeability, while myofibroblasts (activated collagen secreting,
a-SMA? fibroblasts) and epithelial and/or endothelial cells produce MMPs, which disrupt the
basement membrane, allowing inflammatorycells to be easily recruited to the site of injury.
Growth factors, cytokines and chemokines are also produced, which stimulates the
proliferation and recruitment of leukocytes across ihe provisional ECM. Someof the early
responders inchide macrophages and neutrophils, which eliminate tissue debris, dead cells and
any invading organisms. They alse produce cytokines and chemokines, which are mitogenic
and chemotactic for endothelial cells, which begin to surround the myuredsite. Theyalso help
form newblood vessels as epithelial/endothelial cells migrate towards the centre of the wound.
During this period, lymphocytes and other cells become activated and begin secreting
profibrotic cytokines and growth factors, such as TGF, IL-13 and PDGF {6-8}, which further
activate the macrophages and fibroblasts. Activated fibroblasts transform into a-SMA-
expressing myofibroblasts as they migrate along the fibrin lattice into the wound. Following
activation, the myofibroblasts promote wound contraction, the process m which the edges of
the wound migrate towards the centre. Finally, epithclial and/or endothelial cells divide and
migrate over the basal layers to regenerate the damaged tissue, which completes the wound-
healing process. However, chronic inflammation and repair can trigger an excessive
accumulation of ECM components, whichleads to the formation of a permanent fibrotic scar.
Collagen turnover and ECMremodelling is regulated by various MMPsand their inhibitors,
which inchide the tissue inhibitors of metalloprotemases (TIMPs). Shifts in synthesis versus
catabolism of the ECMregulate the net icrease or decrease of collagen within the wound
{9}. Fibrosis occurs when the synthesis of new collagen by myofibroblasts exceeds the rate at
which it is degraded, such that the total amount of collagen increases over time.

The cellular origins of myofibroblasts

Local tissuc myofibroblasts were originally belicved to be the primary produccrs of ECM
components following injury [5]; however, il is now thought that fibroblasts can be derived
from multiple sources [10]. In addition to resident mesenchymal cells, myofibroblasts are
derived from epithelial cells m a process termed epithelialmesenchymaltransition (EMT)
{10-12}, More recently, it was suggested that a similar process occurs with endothelial cells,
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termed endothelialmesenchymal transition (EndMT) {13}. Bucala and colleagues also
identified a unique circulating fibroblast-like cell derived from bone marrowstemcells [14].
These blood-borne mesenchymal! stem cell progenitors have a fibroblast/myofibroblast-like
phenotype (they express CD34, CD45 and type I collagen) and are now commonlycalled
fibrocytes [15-18]. Finally, im sometissues, resident fibroblasts are not the only source of
myofibroblasts. For example, in liver fibrosis the resident hepatic stellate cell (HSC) appears
to be the primary source ofmyofibroblasts, although bone-marrow-derived cells can also
contribute [18,19]. Because it is nowthoughtthat fibrocytes and EMT-derived myofibroblasts
participate with resident mesenchymal cells in the reparative process, there has becn growing
interest in dissecting the role of the various myofibroblast subpopulations in fbroproliferative
disease [20]. Because bone marrow-derived fibrocytes nist find their way to sites of tissue
injury to participate in wound healing andfibrosis, there has been a great deal of interest in
understanding the role ofchemokines and acute phase proteins, such as serum amyloid P (SAP},
in the development and recruitment of myofibroblasts [20-22]. Because fibrocytes and EMT-
derived myofibroblasts produce a variety of factors that are involved in the fibrotic process
{10}, interrupting their development, recruitment and/or activation could provide a unique
therapeutic approach to treat a variety of fibrotic diseases.

Innate and adaptive immune mechanisms regulate myofibroblast activity

Manyfibrotic disorders are thought to havc an infectious actiology, with bacteria, viruscs, fungi
and multicellular parasites driving chronic inflammation and the development of fibrosis. It
was recently suggested that conserved pathogen-associated molecular patterns (PAMPs) found
on these organisms help maintain myofibroblasts at a heightened state of activation [23].
Bacteria living in the gut can alse contribute to the activation of myofibroblasts [24]. PAMPs
are pathogen byproducts, such as lipoproteins, bacterial DNA and double-stranded RNA,
whichare recognized by pattern recognition receptors (PRRs} found on a wide variety of cells,
inchiding fibroblasts [25]. The interaction between PAMPs and PRRsservesasafirst line of
defence during infection and activates numerous proinflammatory cytokime and chemokine
responses. In addition, because fibroblasts express a variety of PRRs, including Toll-like
receptors (TLRs), Toll ligands candirectly activate fibroblasts and promotetheir differentiation
into collagen-producing myofibroblasts [23,2426]. Thus, inhibiting TLR signalling might
tepresent a novel approachto treai fibrotic disease.

Nevertheless, pathogenic organisms are not responsible for all fibrotic disorders. Therefore,
additional mechanisms must also participate in the activation of myofibroblasts. For example,
in the case of systemic sclerosis (SSc), fibrablasts obtained fromIcsional skin or fibrotic hmgs
have a constitulively activated myofibroblast-like phenolype, characterized by enhanced ECM
synthesis, constitutive secretion ofcytokines and chemokines and increased expression of cell
surface receptors [27-29]. Because most of the characteristics of fibroblasts from patients with
SSc are reproduced in normal human fibroblasts following stimulation with TGFS,it is thought
that the SSc fibroblast phenotype is maintained by an autocrine TGFsignal. However,
TGFE/SMAD3-independent mechanisms have also been proposed [36,31], inchiding a role for
viruses such as CMV,which stimulate the production ofauto-antibodies and connective tissue
growth factor (CTGF), both of which are knownto participate in the activation of
myofibroblasts [28,32]. Epigenetic changes mayalso contribute to the persistent activation of
myofibroblasts [33]. B cells have also been implicated, either by producing autoanti-bodies or
by secreting [L-6, a well-known fibroblast growth factor [34]. Saill other studics have argued
thai Th2-type cytokines derived froma variety of cellular sourcesare critically involved in the
mechanismof fibrosis [35-38]. Therefore, paracrine signals derived from activated
lymphocytes, autocrine factors produced by fibroblasts, as well as molecules derived from
pathogenic organisms can cooperate to initiate and maintain myofibroblast activation.
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Chemokines regulate fibrogenesis by controlling myofibroblast recruitment

Chemokines are leukocyte chemoattractants that cooperate with profibrotic cytokincs in the
developmentoffibrosis by recruiting myofibroblasis, macrophages and other keyeffectorcells
to sites of tissue injury. Although a large number of chemokine signalling pathways are
involved in the mechanism of fibrogenesis, the CC- and CXC-chemokine receptor families
have consistently exhibited important regulatoryroles. Specifically, CCL3 (macrophage
inflammatory protein Ia) and CC-chemokines such as CCL2 (monocyte chemoattractant
protem-1)}, which are chemotactic for mononuclear phagocytes, were identified as profibrotic
mediators. Macrophages and epithelial cells are believed to be the key sources of CCL3, and
studies in the bleomycin model ofpulmonaryfibrosis showed that anti-CCL3 antibodies could
significantly reduce the development of fibrosis [39,40]. Similar results were obtained when
CCL2 was neutralized, suggesting that a variety ofCC-chemokines are mvolved [41,42].
Subsequent studies with CC-chemokine receptor 1 (CCR1)- and CCR2-deficient mice
produced similar resulls, confirming critical roles for CCL3/CCL2-mediated signalling
pathways in fibrogenesis [43-47]. Interestingly, in several of these blocking studies, the
absence of fibrosis was associated with decreased IL-4/IL-13 expression [44,48], suggesting
a direct link between CC-chemokine activity and the production of profibrotic cytokines such
as [L-13. IL-13 is a potent inducer of several CC-chemokines, inchiding CCL3, CCL4
(MIP- 1%), CCL20 (MIP-3a), CCL2, CCLI1, CCL22 (macrophage-derived chemokine) and
CCL6 (C10), among others, suggesting that a positive feedback mechanismexists between
IL-13 and the CC-chemokine family [49,50]. As seen with anti-CCL3 and anti-CCL?2 antibody
treatment, antibodies to CCL6 significantly attenuated lung remodelling responses in TL-13-
transgenic mice [50] as well as in mice challenged with bleomycin [49], indicating non-
redundant roles for a varicty of CC-chemokines in the pathogenesis offibrosis. In micc, CXC
chemokine receptor 4 (CXCR4), CC chemokine recepior 7 (CCR7) and CCR2 have also been
shownto regulate the recruitment of fibrocytes to the hing [20,21]. Thus, interrupting specific
chemokine signalling pathways could have a significant impact on the treatment of a variety
of fibroproliferative diseases.

Th1 and Th2cells differentially regulate organ fibrosis

Chronic inflammatoryreactions are typically characterized by a large infiltrate ofmononuclear
cells, including macrophages, lymphocytes, eosinophils and plasma celis. Lymphocytes are
mobilized to sites of injury and become activated following contact with various antigens,
which stmulate the production of lymphokines that further activate macrophages and other
local inflammatorycclls. Thus, there is significant activation ofthe adaptive immune response
in many chronic inflammatorydiseases. Although inflammation typically precedes the
developmentoffibrosis, results from a variety of experimental models suggest that fibrosis is
not always characterized by persistent inflammation, implying that the mechanisms regulating
fibrosis are to a certain extend distinct fromthose controlling inflammation. Findings from our
own studies of schistosomiasis-induced liver fibrosis support this theory [34]. In this model,
fibrosis develops progressively in response to schistosome eggs that are deposited in theliver,
which induce a chronic granulomatous response. As in manyother experimental models of
fibrosis, CD4* T cells play a prominentrole in the progression ofthe disease. Studies conducted
with multiple cytokine-deficient mice have demonstrated that liver fibrosis is strongly linked
with the development of a CD4* Th? cell response (involving IL-4, IL-5, IL-13 and IL-21)
[51-55].

Several experimental models of fibrosis in addition to our own have also documented potent
antifibrotic activities for the Th! -associated cytokines IFNy and IL-12. In schistosomiasis,
while treatment with IFNyor [L-12 has no effect on the establishment of infection, collagen
deposition associated with chronic granuloma formation is substantially decreased [51].
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Similar results have been obtained in models of pulmonary, liver and kidneyfibrosis [56-
59]. These findings suggest that it might be possible to develop an antifibrosis vaccine based
on imnyune deviation [51,60], in which the profibrotic effects of the Th2 response are switched
off in favour of an antifibrotic Th! response. Indeed, similar approaches have been proposed
for individuals suffering from allergic airwayinflammation [61], which is also driven by Th2-
type responses. Studies mvestigating the gene expression patternsoffibrotic fissues found that
markedly different gene expression profiles are induced during Th! and Th? polarized
responses [62,63]. As might be expected, a large number of IFNyv-induced genes are
upregulated in the tissucs of mice exhibiting Thi-polarized responses, with no evidence of
significant aclivationof the fibrosis-associaied genes in this selling [62-64]. Instead, two major
groups of genes were identified in Thi-polarized mice: those associated with the acute-phase
reaction and apoptosis (cell death), findings which may explain the extensive tissue damage
that is commonlyobserved when Thi responses continue unchecked [65]. By contrast, several
genes known to be involvedin the mechanisms ofwound healing and fibrosis were upregulated
in animals exhibiting Th2-polarized inflammation [62,63]. The regulation and function of a
few ofthe genes, including procollagensI, III and VI, arginase-1 [66], lysy] oxidase [67,68],
matrix metalloproteinase-2 (MMP-2) {69,70}, MMP-9 {71,72{ and tissue inhibitor of matrix
metalloproteinase-1 (TIMP-1) [73,74], have been investigated in some detail. Several
additional Th2-linked genes [62,63], including haem oxygenase, procollagen III, secreted
phosphoprotein 1, procollagen V, reticulocalbin and fibrillin 1 have also been reported in the
fibrotic lungs of bleomycin-ireated mice [75] and in CCl-stimulatedrat hepatic stellate cells
(collagen-producing cells in the liver) [76], providing further evidence that fibrosis is often
associated with the development of Th2-type responses.

Unique roles for the Th2 cytokines IL-4, IL-5, IL-13 and IL-21 in fibrosis

The Th? cytokines IL-4, IL-5, IL-13 and IL-2! each have distinct roles in the regulation of
tissue remodelling and fibrosis. IL-4 is found at increased levels in the bronchoalveolar lavage
fluids ofpatients with idiopathic pulmonary fibrosis ([PF) {77}, in the pulmonaryinterstitrum
of individuals with cryptogenic fibrosing alveolitis [78] and in peripheral blood mononuclear
cells (PBMCs)ofthose suffering from periportal fibrosis [79]. Development ofpost-irradiation
fibrosis is also associated with increased production of IL-4 [80]. Although the extent to which
IL-4 participates in fibrosis varies in different diseases, has long been considered a potent
profibrotic mediator. In fact, studies have suggested that IL-4 is nearly twice as effective as
TGF[81], another potent profibrotic cytokine that has been extensively studied [82].
Receptors for IL-4 are found on many mouse {83} and human fibroblast subtypes [84] and i
vitro studies showed the synthesis of the extracellular matrix proteins, types I and TI collagen
and fibronectin, following IL-4 stimulation. One ofthe first ivivo reports to mvestigate the
contribution of IL-4 was a study of schistosomiasis in mice, in which neutralizing antibodies
to 1L-4 were shown to significantly reduce the developmentofhepatic fibrosis {52 |. Inhibitors
of IL-4 were also found to reduce dermal fibrosis in a chronic skin graft rejection model and
in a mouse model of scleroderma [85,86].

IL-13 shares many functional activities with IL-4 because both cytokines exploit the same
IL-4Ra/Stat6 signalling pathways {87}. However, with the development of IL-13 transgenic
and knockout mice [88,89], as well as TL-13 antagonists [53,90], unique and non-redundant
roles for IL-13 and IL-4 have been revealed in mumerous models. When IL-4 and IL-13 were

inhibited independently, IL-13 was identified as the dominant effector cytokine offibrosis in
several experimental models of fibrosis [38,53,91—-94]. In schistosomiasis, although the egg-
induced inflammatory response was unaffected by IL-13 blockade, collagen deposition
decreased by more than 85% [53,95], despite continued and undiminished production of IL-4
{53,96}. Related studies have also shown a dominant role for IL-13 in the pathogenesis of
pulmonary fibrosis. Over-expression of IL-13 in the hung triggered significant subepithelial
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airwayfibrosis in mice in the absence of any additional mflammatory stinmulus [89], while
treatment with anti-IL-13 antibody markedly reduced collagen deposition in the lungs of
animals challenged with 4. fumigatus conidia [91] or bleomycin [49]. In contrast, transgenic
mice that over-expressed IL-4 displayed little evidence ofsubepithelial airwayfibrosis, despite
developing an intense inflammatory response in the lung [97]. Interestingly, two recent studies
suggested that 1L-13-regulated responses {98}, including lung fibrosis {99], could develop in
the absence of TL-4Raor Stat6-mediated signalling, suggesting that TL-13 can exploit an
additional signalling mechanism that is distinct from the [L-4Ra/Stat6-signalling pathway.
Indeed, a recent report suggested that TGF/1-driven pulmonaryfibrosis might in some cases
be dependent on IL-13-mediated signalling through the IL-13Re2 chain [100], which was
originally thought to operate exclusively as a decoy receptor for [L-13 andas an inhibitor of
fibrosis [53,101].

IL-5 and casinophils have also becn shownto regulate tissuc fibrogencsis. The differentiation,
activation and recruiument of eosinophils is highly dependent on IL-5, and eosinophils are an
important source of fibrogenic cytokines, including TGF/1 and IL-13. IL-4 and tissue
eosinophils have been observed in a variety of diseases, inchiding skm allovraft rejection and
pulmonary fibrosis [86,102,103]. However, studies with neutralizing anti-[L-5 antibodies and
IL-S knockout mice have often yielded conflicting results [104]. Early experiments with
neutralizing anti-IL-5 monoclonal antibodies showed no reduction in liver fibrosis following
S. mansoni infection, even though tissue eosinophil responses were markedly reduced [105].
Although negative findings were also reported in some ofthe skin and hing fibrosis models
[105,106], other studies observed significant reductions in fibrosis when IL-5 activity was
neutralized [86,107-110]. A recent study demonstrated that although excessive amounts of
IL-5 can exacerbate bleomycin-induced fibrosis, IL-5" mice showed no impairmentin
fibrosis [111], suggesting that IL-5 and/or eosinophils act as amplifiers rather than as direct
mediators of fibrosis. In mice deficient in IL-5 and/or CCL11 (eotaxin), tissue cosinophilia
was abolished and theability of CD4* Th? cells to producethe profibrotic cytokine IL-13 was
significantly impaired [112]. Eosinophils were also found to be an important source of IL-13
in the schistosomiasis-induced model of liver fibrosis [55]. IL-5 and eosinophils can also
regulate the TGF response in the lungs of mice [109,113]. Thus, one of the key roles of IL-5
and eosinophils maybe to facilitate production of important profibrotic cytokines like IL-13
and/or TGF, which function as the key mediators of fibrosis.

Finally, similar to IL-5 [55], IL-21/4L-21R signalling was recently shown to promote fibrosis
by facilitating the development of the CD4* Th? response [54]. IL-2} R-signalling wasalso
critical for Th2-cell survival and for the migration Th2 cells to the peripheral tissnes [114]. In
addition to supporting the development of Th2 responses, IL-21 also increased IL-4 and IL-13
receptor expression on macrophages [54], which enhances the developmentofalternatively
activated macrophagesthat are believed to be important regulators of fibrosis |66,115).

Distinct and overlapping roles for TGF£ and Th2-type cytokinesin fibrosis

TGFhas been the most intensively studied regulator of the ECMand has been linked with
the developmentoffibrosis in a numberofdiseases [116-119]. There are three isotypes of
TGFin mammats, TGFA1, -2 and -3, all exhibiting similar biological activity [120]. Although
a variety ofcell types produce and respond to TGFP [82], tissue fibrosis is primarily attributed
to the TGF£1 isoform, with circulating monocytes and tissue macrophages being the
predominant cellular sources. In macrophages, the primarylevel of control ts not in the
regulation of TGF?] mRNA expression, but in the regulation of both the secretion and
activation of latent TGF$]. TGF£1is stored inside the cell as a disulphide-bonded homodimer,
non-covalently bound to a latency-associated protein (LAP), which keeps TGF£ mactive.
Binding of the cytokine to its receptors requires dissociation of the LAP, a process thatis
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catalysed by several agents, including cathepsins, plasmin, calpain, thrombospondin, integrin-
avfé and matrix metalloproteinases [82,120,121], many of which have become potential
targets of antifibrotic drugs. Once activated, TGF£ signals through transmembrane receptors
that trigger signalling intermediates known as Smad proteins, which modulate transcription of
important target genes, including procollagen I and WI [122]. Dermal fibrosis following
irradiation | 123] and renalinterstitial fibrosis induced by unilateral ureteral obstruction [116
are both reduced in Smad3-deficient mice, confirming an importantrole for the TGF?
signalling pathway. Macrophage-derived TGF£1 is thought to promote fibrosis by directly
activating resident mesenchymal cells including epithelial cells, which differentiate into
collagen-producing myofibroblasts via EMT. Interestingly, a recent paper showed that the loss
of TGF? signalling in fibroblasts triggers intraepithelial neoplasia, suggesting that TGFA1
signalling critically regulates the activity of fibroblasts as well as the oncogenic potential of
neighbouring epithelial cells [124]. In the bleomycin modeloffibrosis, alveolar macrophages
are thought to produce nearlyall of the active TGF? that promotes pulmonaryfibrosis [125].
Nevertheless, Smad3/TGF/1-independent mechanisms of fibrosis have also been
demonstrated in the lung and other tissues [30,126,127], suggesting that profibrotic mediators
suchas IL-4, IL-5, 1L-13 and IL-2] can act separately from the TGF4/Smad-signallmeg pathway
to stimulate collagen deposition.

There is also evidence that Th? cyiokmes cooperate with TGFto induce fibrosis. IL-13
induces the production of latent TGF/1 im macrophages and can also serve as an indirect
activator of TGF/ by upregulating expression ofproteins that cleave the LAP [128,129].
Indeed, IL-13 ts a potent stinmiator of both MMP and cathepsin-based proteolytic pathways
that activate TGF# [74,129]. Thus, the significant tissue remodelling associated with polarized
Th2 responses mayinvolve a pathway whercin IL-13-cxpressing CD4* Th?cells trigger
macrophage production of TGFS1, which then serves as the major stimulus for fibroblasi
activation and collagen deposition [100,128,130]. In support of this hypothesis, when TGF/1
activity was neutralized in the lungs of IL-13-transgenic mice, development of subepithelial
fibrosis was significantly reduced [128]. However, related studies observed enhanced
pulmonary pathology when the TGF4/Smadsignalling pathway was blocked [131,132],
suggesting that TGF suppresses rather than mducestissue remodelling in some settings. The
source of TGF/1 appears to be critical, since macrophage-derived TGF] is often profibrotic
{128}, while T cell-derived TGF/1 appears to play a suppressive role {133{. Some studies
investigating the mechanisms of TL-13-drivenfibrasis also reported no reductionin fibrosis in
MMP-9-, Smad3- and TGF/1-deficient mice, suggesting that IL-13 can operate independently
from TGFf1 {30}. This may explain the unexpected failure of Smad/TGFAinhibitors in some
blocking studies [126,127]. Thus, it remains unclear 1o what extent [L-13 must act through
TGF/1 to trigger fibrosis. Given that numerous antifibrotic therapies are focused on inhibiting
the TGF} signallme pathway [82,134], it will be important to determine whether the collagen-
inducing activity of IL-13 is dependent on TGF/1 or whether IL-13 and other profibrotic
mediators {135} can also operate independently, as has been suggested in some studies [30,
§3, 135].

Vascular changes often accompany the developmentof fibrosis

qn addition to fibroproliferation and deposition of ECM components, the pathogenesis of IPF,
systemic sclerosis (SSc), liver fibrosis andmanyotherfibrotic diseases, including manyfibrotic
diseascs of the cyc, are charactcrizcd by substantial vascular remodelling, which often occurs
prior to the development of fibrosis. In the case of sysiemic sclerosis, vascular changes are a
prominent and early manifestation of the disease, with impaired angiogenesis leading to the
progressive disappearance ofblood vessels {28,29}. Ithas been suggested that reduced numbers
of circulating bone marrow-derived CD34* endothelial progenitorcells, as well as their
impaired differentiation into mature endothelial cells, might be contributing to the early
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vascular defects in SSc [136]. In contrast to SSc, where fibrosis is associated with the loss of
blood vessels, fibrosis and traction retinal detachments associated with advanced diabetic

retinopathy (DR)are characterized by uncontrolled vascular proliferation [137]. Indeed, the
commonpathway for many fibrotic eye diseases, including age-related macular degeneration
{(ARMD)[138], is injury to the cornea and/or retina, which results in inflammatory changes,
tissue oedema, hypoxia-driven neovascularization and ultimatelyfibrosis. Once newblood
vessels begin to growin the eye, they are prone to haemorrhage, leading to further activation
ofthe wound-healing response, and ultimately development of severe fibrosis [139]. Therefore,
prevention of the primary vascular abnormality has bccn the most promising therapcutic
sirategy for manydiseases of the eye. Because various members of the CXC-chemokine family
exhibit potent angiogenic or angiostatic activity [140], targeting the CKC-chemokine family
might offer a unique approachto regulate angiogenesis and fibrosis.

Angiotensin ll plays a critical role in fibrosis

Although all major components of the renin—angiotensin—aldosterone system exhibit
profibrotic activity,ANG H appears to be the dominant hormone responsible for cardiac
fibrosis in hypertensive heart disease [141|. ANG HU also plays an important role m the
development of renal and hepatic fibrosis [142]. ANG TT, produced locally byactivated
macrophages and fibroblasts, is thought to exert its effects by directly inducing NADPH
oxidase activity, stimulating TGF41 production and triggcring fibroblast prolifcration and
differentiation into collagen-secreting myofibroblasts [143,144]. In additionto its effects on
TGF£I secretion and activation, ANG II also enhances TGFsignalling by increasing
SMAD?levels and by augmenting the nuclear translocation of phosphorylated SMAD3.
TGF1, in turn, augments the production ofinterstitial collagens, fibronectin and proteoglycans
by cardiac myofibroblasts [2]. It also stimulates its own production in myofibroblasts, thereby
establishing an autocrine cycle of myofibroblast differentiation and activation. Studies have
shown that overexpression of TGFf1 in transgenic mice can lead to cardiac hypertrophy,
characterized by both interstitial fibrosis and hypertrophic growth of cardiac myocytes {145}.
Patients suffering from idiopathic hypertrophic cardiomyopathy and dilated cardiomyopathy
also have increased levels of TGF/! in the left ventricular myocardinm[146]. Therefore,
therapics that target the renin—angiotensin—aldostcronc system or TGF/1 pathways might
provide effective strategies to slowthe progressionof fibrosis in hypertensive heart disease,
progressive renal disease and hepatic fibrosis [144,147,148].

Endogenous mechanismsthat slow the progression of fibrosis

Regulatory T cells (Tregs) and IL-70

IL-0 functions as a general immunosuppressive cytokine, which down-regulates chronic
inflammatory responses through many mechanisms [149]. Consistent withits role as a
suppressive cytokine, IL-10 has becn shownto inhibit fibrosis in numerous models. Mice
ireated with IL-10 develop significantlyless liver, lung and pancreatic fibrosis when challenged
with carbontetrachloride (CC14), bleomcyin andcerulein, respectively [150-153]. In contrast,
IL-10-deficient mice are much more susceptible to these fibrosis-inducing compounds. IL-10
has also been shown to significantly suppress the synthesis of type I collagens in human scar
tissue-derived fibroblasts [154], indicating that it can directly inhibit fibrosis [155]. The
severity of liver fibrosis in a subset of patients chronically infected with hepatitis C virus was
also reduced by IL-10 treatment [156]. However, despite its success in some clinical studies,
the mechanism by which LL-10 confers protection from fibrosis remains unclear. In the
schistosomiasis model, IL-10 deficiency alone haslittle effect on the progression of hepatic
fibrosis [157]. However, when IL-10~” mice were crossed with IFNy, IL-12~° or
IL-13Ra2~animals,liver fibrosis developed at a highly accclerated rate, suggesting that
IL-10 cooperaies with Thi cyiokines and the IL-13 decoy receptor to suppress collagen
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deposition [74,158,159]. In support of these findings, a study ofhuman S. s1ansoni infection
found that most cases of severe periportal fibrosis are associated with low IL-10 and IFNy
production [79].

The IL-13 decoy receptor (IL-13Ra2)

Soluble IL-13Rea2-Fe is a highly effective inhibitor of TL-13 [90], which can ameliorate the
progression of established fibrotic disease [53,95,160]. IL-13Ra2 inhibits IL-13 byblocking
its interaction with the signalling type T IL-4R complex [90,98,161]. Consistent with its
proposed activityas a decoy receptor [162], mice with targeted deletion ofIL-13Re2 displayed
enhanced IL-13 activity [101]. When the IL-13Ra2-deficient mice were infected with S.
mansoni, the development of IL-13-dependentliver fibrosis increased significantly[163].
Fibrosis increased despite the fact that there was no change in the inflammatory response. These
findings suggested that IL-13Ra2 directly inhibits the ECM-remodelling activity of IL-13.
However, the decoy receptor did play a significant role in the down-regulation ofthe
inflammatory response in chronically infected animals [164]. In fact, the chronically infected
iL-13Ra2~" mice showed a marked exacerbation in granulomatous inflammation. They also
developed severe liver fibrosis and portal hypertension, whichled to their rapid death following
infection. Thus, the IL-13 decoy receptor was identified as a critical life-sustaming inhibitor
of Th2-driven inflammation and fibrosis.

Can progressive fibrosis be reversed and normaltissue architecture

restored?

Althoughthe ability to repair damagedtissues without scarring wouldbe ideal, in most chronic
inflammatorydiscases repair cannot be accomplished selely by the regeneration of
parenchymal cells, evenin tissues where significant regeneration is possible, such as the liver.
Repair of damaged tissues must then occur byreplacing non-regenerated parenchymalcells
with connective tissues, which in time leads to significant fibrosis and scarrmg. Thus,
developmentof therapeutic strategies that limit the progression of fibrosis without adversely
affecting the overall repair process would represent an important technological advance.

it is controversial whether advanced fibrosis can be reversed to the extent that normal tissue

architecture is restored completely. Indeed, there is substantial evidence that, if fibrosis is
sufficiently advanced, reversal is no longer possible. Because advanced fibrosis is often
hypocellular, it has been suggested that incomplete ECMdegradation (irreversible fibrosis)
develops when the appropriate cellular mediators (the source ofMMPs}are no longer present
{165}. Thus, ongoing inflammation might be required for the successful resolution of fibrotic
disease { 166]. Not surprisingly, the source and identity ofkey MMPs that mediate the resolution
of fibrosis are being intensively investigated. Recent studies demonstrated that macrophage
depletion at the onset of fibrosis resolution could retard ECM degradation and the less of
activated HSCs [115]. This suggests that macrophagesare essential for initiating ECM
degradation, perhaps by producing MMPs. Therefore, it might be possible to reverse whal was
once thought to be irreversible fibrosis [167]. Successful elimination of HBV and HCVin
chronically infected individuals is often associated with marked regression of disease,
providing evidence that human hepatic fibrosis is at least partially reversible [167]. Similar
observations have also been reported in schistosomiasis patients following treatment with
praziquantel, a drug that eliminates the causative pathogen [168]. Current approaches aimed
at treating fibrosis are primarily directed at inhibiting cytokines (TGF/1, IL-13), chemokines,
specific MMPs, adhesion molecules (integrins) and inducers of angiogenesis, such as VEGF
[138]. Although many ofthese treatments could prove highly successfin, ideally, the best.
therapy would lead to the complete restoration of the damaged tissue, or minimally, restore
homeostasis to the arcas that drive the fibrotic response {169}. Once way to restore homeastasis
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would be to eliminate the collagen-producing cell. Indeed, apoptosis of hepatic stellate cells
(HSCs) have been observed during the resolution of liver fibrosis [170]. Thus, methods that
inhibit fibroblast proliferation and activation or actively induce myofibroblast apoptosis could
help slowthe progression of fibrosis [8,171,172]. Cell-based therapies using adult bone
marrow-derived progenitor/stem cell technologies might also prove highly successful for the
treatment of fibrosis. Stem cell therapies have already proved successful at restoring cardiac
function in injured hearts [173], therefore they might prove successful for a wide variety of
fibroproliferative disorders.

Moving experimental antifibrotic strategies into the clinic

As discussed in this review, there is a growing list ofnovel mediators and pathways that could
be exploited in the development of antifibrotic drugs. These inchide cytokine, chemokine and
TLR antagonists, angiogenesis inhibitors, anu-hypertensive drugs, TGFsignalling modifiers,
B cell-depleting antibodies and stem/progenitor cell transplantation strategies, to name fust a
few. As there are manypotential targets and strategies, what we need nowis a well thought-
out planfor translating the available experimental information into clinically effective drugs.
However, there are challenging roadblocks ahead that must be overcome before anytreatment
ean reach the cHnic. The most difficult obstacle will be to design effective clinical trials with
well-defined clinical endpoints. Non-invasive techniques, such as serum markers, improved
imaging techniques or other clinical features that can quickly quantify changes in the natural
history of the disease (rate ofdisease progression, eic.) are desperalely needed. Host genetic
factors, such as single nucleotide polymorphisms (SNPs}, mayalso be exploited to determine
the relative risk of developing fibrosis. Recently, a predictive seven-gene signature was
identified in chronic hepatitis C patients at high risk of developing cirrhosis [174]. In future
studies, it will be important to explore what impact these or other SNPs have on fibrosis in
other organ systems. Nearly 45%ofall deaths m the developed world are attributed to some
type of chronic fibroproliferative disease. Therefore, the demand for antifibrotic drugs that are
both safe and effective is great and will likely contimne to increase in the coming years.
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Fable 1

Majortissues affected by fibrosis and possible contributing factors

. iver Viral hepatitis, schistosomiasis. and alcoholism are leading causes ofcirrhosis worldwide.

. Lune—tTheinterstitial hung diseases (LDs) include a diverse set ofdisorders in which pulmonaryinflammation and fibrosis are the final
     commonpathological manifestat: silicosis, drug reactions and

mfections, as welf as collagen v. ch as rheumatoid arthritis and systemic sclerosis (scleroderma). Idiopathic puhnonary
fibrosis, the most conimontype of TLD, has no knawncause 

. Kidney disease—Diabetes damages and scars the kidneys, which can lead to a progressive loss of fimetion. Untreated hypertension cancontribute

. Heart and vascular disease Following a heart attack, sear tissue can impairthe ability of the heart te pump blood. Hypertension,
atherosclerosis and restenosis also contribute

. Eye—Macular degeneration, retinal and vitreal retmopathycan fead to blindness

. Skin—Including keloids and hypertrophic scars. Systemic sclerosis and scleroderma, burns and genetic factors mayalso contribute

. Pancreas—Poorly understoodbut possible autoimmune/hereditary causes

. fatestine—Crohn’s discasc/inflammatory bowel discase. Pathogenic orgnanisms

. Brain—Alzheimer’s disease, ATDS

, Bone marraw—Cancerand ageing

. Multi-organ fibrosis—{a) Dee to surgical complications; scar tissue can form between intemal organs, causing contracture, pain and, im 
some cases, infertility; (b) chemotherapeutic drug-induced fibrosis: (c) radiation-induced fibrosis as a result of cancer therapy/accidental
exposure; (d) mechanical injuries 
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g Abstract
i Fibrosis is a common pathology in cardiovascular disease! In the heart, fibrosis causes
= mechanical and electrical dysfunction!and in the kidney,it predicts the onset ofrenalfailure?.
~ Transforming growth factor 81 (TGF®}) is the principal pro-fibrotic factor*, but its inhibition is

associated with side effects due to its pleiotropic roles®”, We hypothesized that downstream
effectors of TGFB! in fibroblasts could be attractive therapeutic targets and lack upstream toxicity.

Here we show, using integrated imaging—genomics analyses of primary humanfibroblasts, that

upregulation of interleukin-1 1 (L-11) is the dominanttranscriptional response to TGFB1 exposure

oe and required for its pro-fibrotic effect. IL-1] and its receptor 7L11RA) are expressed specifically
= in fibroblasts, in which they drive non-canonical, ERK-dependent autocrine signalling that is
8 required for fibrogentc protein synthesis. In mice, fibroblast-specific //// transgene expression or
= I-11 injection causes heart and kidneyfibrosis and organ failure, whereas genetic deletion of
g iif fral protects against disease. Therefore, inhibition of IL-11 prevents fibroblast activation across
A organs and species in response to a range of important pro-fibrotic stimuli. These results reveal ao ; oe Spas . : :

= central role of 1L- {1 in fibrosis and we propose that inhibition of IL-1] is a potential therapeutic
a strategy to treat fibrotic diseases.

Trans-differentiation of fibroblasts into activated myofibroblasts, which express a-smooth

muscle actin (ACTA2) and secrete extracellular matrix (ECM) proteins, is a defining feature

offibrosis®, We automated the quantification of myofibroblasts and ECMproduction in

“> primary human cardiac fibroblast cultures (2 = 84; Extended Data Table f and
= Supplementary Table 1}, and performed RNA scquencing (RNA-seq) on paired unstimulated
2 and TGF|-stimulated samples (Extended Data Fig. 1), Genes were ranked on the basis of
= ihe magnitude and significance of their differential expression and their correlation with

5 myofibroblasts. Typical fibrosis genes such as COMP and NOX# were among the most-
& upregulated genes (Fig. la and Supplementary Table 2}. Gene set enrichment analysis& preg g g pp
= showed upregulation of genes important for protein secretion (Supplementary Table 3).
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Notably, /2.7/ expression showed the most positive correlation with myofibroblast numbers

(£= 0.47, Padjusted = 6.44 * ig”; Spearman’s correlation) (Fig. 1a} and upregulation of /Z /7
expression (8,5-fold, Pagjusted = 6 * 1072}8; DESeg2!) defined the dominanttranscriptional
response of cardiac fibroblasts to TGFBI. 77/ expression is highlyspecific to fibroblasts,

especially when stimulated, but is undetectable in most healthy human tissues and celish2
(Extended Data Fig. 2). To further explore the biological context of IL-11, we examined the

expression ofits receptor 7//RA) compared to the receptor of IL-6 (/L6R), a close family

member, across 512 cell lines!*. Z6R waspresent at high levels in immunecells, whereas
{LFIRA was most highly expressed tn fibroblasts (Fig. 1b).

To investigate //// expression im vivo, we performed single-cell RNA-seq of hearis from a

Pin®°C* mouse, which has a cardiac fibrosis phenotype’?, and a wild-type control mouse
(Fig. le and Extended Data Fig. 3). Both //// (P= 5.6 x 109) and I//dra/ (P= 2.2 x Lo”! 6)
were entiched in fibroblasts and //7// was highly expressed in fibroblast subpopulations that

had transcriptional features of TGFB1 activation or ECMproduction (Fig. §d). £/7/-

expressing cells were most commonin fibrotic Pfr*®’C*hearts and we confirmed Il-11
protem upregulation m this model (Extended Data Fig. 3).

15
JL 1fhas been linked to haematopoiesis!* and tumorigenesis!4, arnong otherroles. In
conirast to a previous cardiac stady!®, we found thai recombinant human IL-11 (rhIL-11) is
strongly pro-fibrotic in cardiac fibroblasts, increasing myofibroblasts and ECMproduction,

motility, contraction and invasion (Fig. le and Extended Data Fig. 4). To better understand

the apparent contradiction between our data and the previous work in which rhIL-11 was

used in mouse models!®, we tested whether rhiL-11 could activate mouse cardiac

fibroblasts. rhIL-11 was mostly ineffective in mouse cardiac fibroblasts, whereas

recombinant mouseII-1} (rmll-1}) activated mouse cardiac and renal fibroblasts (Extended

Data Fig. 4}. rhfL-t} strongly activated human renal fibroblasts.

Our findings implicate a pro-fibrotic role for IL-1! downstream of TGFBI. In the presence

ofneutralizing anti-[L-11 antibodies, the pro-fibrotic effects of TGFBI were greatly

diminished across a wide range offibrosis assays (Fig. 1f-1 and Extended Data Fig. 4). We

made tigand traps by fusing TLIIRA and gp130 (LI ERA: gp130) andthese traps inhibited

the pro-fibrotic effects of TGFB1 in a dose- dependent manner. The specificity of IL-11

inhibition was further confirmed through inhibition of ILTTRA using receptor-blocking

antibodies or by short interfering RNA (siRNA),all of which attenuated the effects of

TGFBI. Bycontrast, anti-IL-6 antibodies had no effect on TGFB1- induced cardiac

fibroblast activation (Extended Data Fig. 4).

We next investigated the consequences of [L-11 signalling in cardiac fibroblasts using RNA-

seq. Surprisingly, the effect of IL-11 on the transcriptome was negligible, whereas TGFB1-

driven transcriptional regulation in cardiac fibroblasts from the same patients remained

profound (Fig. 2a, b). We repeated the experiment using cardiac fibroblasts from multiple

patients and consistently observed verylittle effect of [L-11 on mRNAlevels but, in the cell

culture supematants ofidentical samples, we reproducibly documented pro-fibrotic protein

secretion. Therefore, the effects of IL-11 on cardiac fibroblasts are mainlyat the protein
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level and are unrclated to transcriptional changes (Extended Data Fig. 5). This differs from

effects of IL-1} on cancercells, in which JAK--STATsignalling is involved!’

IL-1 1 can bind to free ILI} RA, whichis shed from cardiac fibroblast membranes (Extended

Data Fig. 5) and signal i dans in cells that express GP130 (also known as ILOSTP®, We
gencrated an ILI1LRAIL-11 fesion protcin (hyperIL-11), which mimics the cranssignalling

complex!®, Concentrations of hyperIL-11 as lowas 0.2 ng mi” activated cardiac fibroblasts
(Extended Data Fig. 5), supporting a role for IL-11 a@ans-signalling im fibrosis.

We found that both /Z// and /L//RAare expressed in fibroblasts, which implies that an

autocrine signalling loop exists. Using hyperlL-11, which is not detected in an IL-11

enzytne-linked immunosorbent assay (ELISA), we confirmed the existence of autocrine

IL-1 signalling in cardiac fibroblasts. This autocrine, feed-forward loop of hyperlL-1 1-

induced TL-11 secretion is dependent on de nevo TL-11 protein synthesis and secretion (Fig.

2¢ and Extended Data Fig. 5), but 1s independent of /7// RNAlevels. In separate

experiments, rhIL-11 (not detected by IL-11 ELISA) cus-signalling also strongly mduced

endogenous {L-11 secretion, and this also occurred in the absence of changes in 7.//

mRNAlevels CExtended Data Fig. 5).

TGFBI activation ofnon-canonical ERK signalling in fibroblasts is important for fibrosis?
and we observed that IL-1 1 also activated ERKim cardiac fibroblasts and that both TGFB1

and YL-11 required ERK to induce pro-fibrotic phenotypes (Fig. 2d and Extended Data Fig.

5}. Because the effects of IL-1 1 on pro-fibrotic gene expression are post-transcriptional, we

suggest that this phenomenon maybe driven, in part, by activation of ERK andits

downstream substrates (Extended Data Fig. 3).

We therefore investigated the activation of STAT, SMAD, ERK and kinasesthat are

important for protein synthesis in cardiac fibroblasts in response to stimulation bya range of

pro-fibrotic factors. These factors included established stimuli for cardiac fibrosis

(endothelin-1 (END1), angiotensin Il (AnglI) and PDGF) and other key pro-fibrotic

eytokines (OSAL. AFGE, CTGFand IL.13¥'" 1L-11 activation of STAT in cardiac fibroblasts
was negligible, consistent with its lack oftranscriptional effects in this cell type. As

expected, TGFB! activated SMAD,but the only pathwaythat was consistently activated by

all stimali was the ERK pathway (Fig. 2c). All pro-fibrotic stimuli that were tested. induced

changes in IL-11 protein levels but not mRNA; only TGFBI increased SMAD-dependent

/Z1// transeription (Fig. 2f and Extended Data Fig. 5). Remarkably, as seen with TGFBI,

fibroblast activation in response to all pro-fibrotic stimuli that were tested was dependent on

IL-1} signalling (Fig. 2¢ and Extended Data Fig. 6).

We studied the fibrotic response ofcardiac fibroblasts from f//raf” mice?®, TGFBI-
induced transcriptional regulation in ////ral””cardiac fibroblasts was maintained and
similar to that of 4/1 Ira f*!* (wild-type) cardiac fibroblasts (R? = 0.94, P< 2.2 x 10746,
Spearman’s correlation; Extended Data Fig. 7). However, protein-based assays showed that

cardiac fibroblasts from ////raI”" mice did not increase synthesis of ECMproteins or

become myofibroblasts upon stimulation (Pig. 2h and Extended Data Fig. 7), again

demonstrating the cifect of IL-11 at the protein level.
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We investigated the role of H-11 in a mouse model of myocardial infarction, but rather than

injecting rhIL-11, as had been donein the previous study!®, we administered rmll-11. We
measured epicardial activation, a defining feature ofactive fibrosis in myocardial

infarction?! and found that rmil-11 robustly stimulated fibroblasts in the epicardium(Fig.
3a~c) and caused ventricular impairment (Fig. 3d, e). We then tested the effects of rmll-I1

injection in healthy mice using regimens similar to those used for rhIL-11 in patients with

cancer”, rmIL-11 injection in Colial~GFP reporter mice? resulted in specific activation of
fibroblasts in the epicardium and renal interstitium (Fig. 3f). rmfl-1 f-treated mice had high

circulating levels of TGFBI, but not ofother pro-inflammatory factors and featares of

cardiac and renal impairment along with cardiovascular fibrosis (Fig. 3g--1 and Extended

Data Fig. 7).

To investigate the effects of autocrine [1-11 signalling in fibroblasts im vivo, we generated

rmll-fl-transgenic mice, which we crossed with inducible Colla2—Cre mice (I-11-Tg:; see

Methods}. -1 1 was expressed after induction with tamoxifen and within two weeks, there

was widespread activation of cardiac and renal fibroblasts and accumulation of collagen

(Fig. 3), ij. This was accompanied by a reduction im cardiac function (Fig. 31), mereased

serum TGFBI and an increase in serum ureaand creatinine, which are biomarkers of renal

failure (Extended Data Fig. 7).

U-11 expression was found to be increased in three preclinical models of cardiovascular

fibrosis (Fig. 4a, ¢, 1). Therefore, using knockout and wild-type mice we determined whether

inhibition of Il-11 could reduce fibrosis in these models. After either Angll infusion or

transverse aortic constriction, less fibrosis occurred i the hearts of knockout mice compared

to wild-type mice (Fig. 4b, c, f, ). This effect was independent of loading conditions

(Extended Data Fig. 8). Similarly, after folateinduced kidney damage, knockout mice had

reduced renal fibrosis (Fig. 47, k). Deletion of {1} tral signalling resulted in reduced ERK

signalling across all models tested, whereas p38 signalling was unaffected (Fig. 4d, h, ] and

Extended Data Fig. 9).

TL-1] was discovered owing to its ability to sustain an {L-6-dependent haematopoetic cell

line when secreted fromfibroblastic cells¢*, but was later found to be redundant for
haematopoiesis?© . Here we showthat /£// is a crucial fibrosis gene acting downstream of

TGFBI and many other pro-fibrotic factors. We believe that the importance of IL-1] in

fibroblasts may have gone unnoticed becauseits effects are apparent onlyat the post-

transcriptional level (Extended Data Fig. 9). We highlight that 77//RAis not only expressed

in fibroblasts but also in other cells and that IL-11 signalling may therefore be important in

other cell types.

We note that rhIL-11 has been given to patients with myocardial infarction2* andit is
possible that the use ofrhIL-11 in cancer patients?” causes fibrosis-related side effects. We
therefore suggest that the use of rhIL-11 in humans should be reviewed. //J/ is highly

upregulated in fibroblasts from patients with idiopathic pulmonaryfibrosis or systemic

sclerosis, by a 100-fold and 30-fold, respectively®; this suggests arole for IL-11 in fibrotic
human disease beyond the cardiovascular system. IL-1 1 mbhibitors may be particularly

effective in treating fibrosis, because they would target a nodal point of pro-fibrotic
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signalling. Because ofthese results, and target safety data from human?’ and mouse
knockouts?°, we propose that IL-1 1 is a potential therapeutic target.

Online Content Methods, along with any additional Extended Data display items and

Source Data, are available in the online version of the paper; references unique to these

sections appear onlyin the online paper.

Data reporting

Nostatistical methods were used to predetermine sample size. The experiments were not
randomized.

Patient cohort

Patients (2 = 84, aged between = 21 and < 81) undergoing coronaryartery bypass grafting

(CABG)at the National Heart Centre Singapore were recruited to the study, which was

approved by the SingHealth Centralised Institutional Review Board (CIRB; 2013/103/C).

Patients with valvular heart disease or previous atrial intervention were excluded. Amal
 

biopsies (94.6 + 59.5 mg) were collected fromthe right atrium and were used to grow

primaryatrial fibroblasts. A summary ofpatient data is provided in Extended Data Table 1

and detailed patient daia are presented in Supplementary Table 1.

Recombinant proteins

Commercial recombinant proteins—Human CTGF (PHG0286, Biosource), human

endothelin 1 (1160/100U, Tocris), human bFGF (233-FB-025, R&D Systems), human IL-1!

(PHCO115, Life Technologies), human IL-13 (PHC0134, Biosource), human oncestatin M

(PHCS5015, Biosource), human PDGF (220-BB-010, R&D Systems), human angiotensin I

(49525, Sigma-Aldrich), and human TGFBI! (PHP143B, Bio-Rad).

Custom recombinant proteins—Recombinant mouse IL-1] (UniProtKB: P47873) and

human IL-1} (UniProtKB: P20809) were synthesized without the signal peptide.

HyperlL-11 was constructed using a fragment of ILITRA(aminoacid residues !-317

consisting of domains 1-3; UniProtKB: Q14626) and IL-1 1 (amimoacid residues 22—199,

UniProtKB: P20809) with a 20-amino-acid-long linker: GPAGQSGGGGGSGGGSGGGSV.

Decoyreceptors were constructed using a fragment of gp130 (amino acid residues 1-326

consisting of domains 1~3, UniProtKB: P40189) and ILTIRA (amino acid residues 109-308

consisting of domains 2--3, UntProtKB: Q14626) with either a 33-amino-acid-long linker:

GGGGSTRGSAGSGGSATGSGSAAGSGDSVRRGSor a 50-amino-acid-long linker:

GGGGSTRGQLHTOPE VEPOVDSPAPPRPSLOPHPRLLDHRDSVEQVAVG.All custom

recombinant proteins were synthesized by GenScript using a mammalian expression system.

Primary fibroblast culture

Human cardiac fibroblasts were prepared as follows: right atrial biopsies were weighed,

mincedinto 1-2 mm? pieces, and placed in 6-cm dishes, Humancardiac fibroblasts were
grown and maintained ta DMEM(11995- 065, Gibco) supplemented with 20%fetal bovine
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serum (FBS, 10500, Hyclone) and 1%penicillin-streptomycin (15140-122, Gibco), ina

humidified atmosphere at 37 °C and 5% CO. The medium was renewed every 2-3 days. At

80-90%confluence, cells were passaged using standard trypsinization techniques. This

ptotecol was also used to isolate fibroblasts from mouseatria, ventricles and kidneys.

Humanprimary kidneyfibroblasts (H-6016; CelfBiologics) were cultured in specific

medium (M2267, CellBiologics). All experiments were carried out at lowcell passaye (<

P4) and cells were cultured in serum-free media for 16 h before treatment.

Antibodies and inhibitors used in this study were as follows: IgG type 2a (MAB003, R&D

Systems), anti-[L-11 antibody (MAB218, R&D Systems), anti- ILITRA antibody

(MAB1977, R&D Systems), brefeldin A (B7651, Sigma-Aldrich), cycloheximide (C1988,

Sigma-Aldrich), PD98059 (9900, Cell Signaling), and U0126 (9930, Cell Signaling).

Operetta platform and image analysis

Fibroblasts were seeded in 96-well black CellCarrier plates (6005550, Perkin-Elmer) at a

density of 1 x 10° cells per well. Following experimental conditions, cells were rinsed in
phosphate-buffered saline (PBS) and fixed in 4%paraformaldehyde (PFA, 28908, Life

Technologies). Cells were permeabilized with 0.1%Triton X-100 in PBS. EdU—

AlexaFluor488 was incorporated using a Click-iT EdU labelling kit (C10350, Life

Technologies} according to the manufacturcr’s protocol, Non-specific sites were blocked

using blocking solution (0.5% BSA and 0.1% Tween-20 in PBS). Cells were incubated

overnight at 4 °C with antibodies: a-smooth muscle actin (ACTA2, ab7817, Abcam),

collagen | (ab292, Abcam), pertostin (POSTN; abi4041, Abeam). All primary antibodies

were diluted 1:500 in blocking sohution. Following wash buffer (0.25% BSA and 0.1%

Tween-20 in PBS) rinses, cells were incubated with the appropriate AlexaFluor48s8-

conjugated secondary antibodies (1:1,000) for 1 h at room temperature in the dark. Cells

were counter-stained with rhodamine—phalloidin (1:1,000, R415, Life Technologies) and

DAPI (1 pg ml}, D1306, Life Technologies) in blocking solution. Plates were scanned and
images were collected with an Operetta high-content imaging system 1483 (PerkinElmer).

Each condition was assayed from at least three wells and a minimum of seven fields per

well, The quantification of ACTA2* and EdU*cells was done using Harmonysoftware

version 3.5.2 (PerkinElmer). The measurement of collagen | and POSTN fluorescence

intensity per area was performed with Columbus version 2.7.1 (PerkinEImer).

Scratch wound and migration assay

Humancardiac fibroblast migration was determined using mm vrtro scratch wound assays and

Boyden chamberassays in duplicate per patient sample. Scratch woundassays were

performed on confluent monolayers of fibroblasts. After synchronizing in low seram

medium (DMEMcontaining 0.2% FBS) for 24 h, a linear scratch was created with a sterile

pipette tip and cells were subjected to different treatments for 24 h. Changes in the wound

area were imaged at 0 and 24 h and quantified using ImageJ software (version 1.49). Boyden

chamberassays were performed using a Cell Migration Assay kit (Cell Biolabs) as per the

manufactnrer’s protocol. Fibroblasts (5 x 10* cells per well) were seeded inside trans-well
inserts, and could migrate towards the experimental conditions as in the wound assays for 24
h.
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Collagen gel contraction assay

Collagen gel contraction assays were performed in duplicate per patient sample of cardiac

z fibroblasts (8 « 10+ cells per well) using a Cell Contraction Assaykit (Cell Biolabs) as per
= the manufacterer’s protocol, The cells were treated with stimuli similar to the scratch wound
2 assays, except that cells were cultured in DMEMcontaining 1% FBS. The gels were imaged
Ps every 24h for 72 h and gel area was quantified using Image] software (version 1.49).ch

= siRNA transfection

Homancardiac fibroblasts were seeded in 96-well black CellCarrier (PerkinElmer) plates (1

* 104 cells per well} and transfected with 12.5 nM On-Targetplus siRNAs (Dharmacon) in
serum-free Opti-MEMmedium and DMEMcontaining 10%FBS(ratio 1:9) using

Lipofectamine RNAiMax (13778-150, Life Technologies). The cells were transfected for 24

h and subsequently cultured in DMEMcontaining 1%FBS overnight before subjected to

© different treatment conditions.
S
= RNA-seq library preparation
g Total RNA was isolated from harman cardiac fibroblasts using RNeasy columms (Qiagen).
ee RNA was quantified using a Qubit RNA High-Sensitivity Assaykit (Life Technologies) and
a assessed for degradation on the basis of their RNA imtegrity number using the Bioaunalyzer
ae RNA 6000 Nano assay (Agilent Technologies). TruSeq Stranded mRNA Library Prep kit

(fhimina) was used to assess transcript abundance following standard instructions from the

manufacterer. The final ibraries were quantified using KAPA library quantification kits

(RAPA Biosystems) on a StepOnePlus Real-Time PCR system (Applied Biosystems)

according to the manufacturer’s protocol. The quality and average fragmentsize of the final

libraries were determined using a LabChip GX DNA High Sensitivity Reagent Kit (Perkin

e Elmer). Libraries were pooled and sequenced on a HiSeg 2500 in High Output mode using
S 75-bp paired-end sequencing chemistry.
2

2 RNA-seq analysis
i RNA-seq data pre-processing—Raw sequencing data(.bcl files) were demultiplexed
= into FastQ files with [himina’s bel2fastq (version 1.8.4) based on unique index pairs.
~ TopHat (version 2.0.12} was used for mapping the reads to the human genome

(GRCh38.78), with the following parameters: numberofthreads, prefilier multihits, read

mismatches, read edit distance, mate mer distance and read realign edit distance”’. Gene
level counts were computed using HTSeq* (version 0.6.1) with the same human genome
reference used for mapping (Ensemb] version 78), Ribosomal genes (Ensembl gene biotype

“p> ‘rRNA’) and genes located in chromosomesother than [--22, X and Y were discarded.e

5 Differential expression of stimulated versus non-stimulated fibroblasts—
= Differential expression between the stimulated and non-stimulated samples was computed at
z the gene level from gene counts using the DESeq2!? R package (version 1.10.1}, A pre-
a filtering step was used by considering only genes with counts above one across alf samples
a (36,352 genes remained after this filter). To account for patient effects and technical
& artefacts, patient ID, sex and RNA concentration were added as covariates in the differential
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expression model. The bascline comparison was set to non-stimalation. DESeq2

~~ independentFiltering parameter was set to False. The rest of the parameters were left as

= default.os

= Functional enrichmentof differential expression results
= Gene Ontology (GO) functional enrichmentofthe differential expression results was
Q performed with Gene Sei Enrichment Analysis (GSEA) software (version 2.2.2}, Human
= Ensembl genes IDs inchided in DESeq2!° output were mapped gene symbols byretrieving

‘hgnesymbol’ {using the biomaRt R package and Ensembl verston 78). Genes without gene

symbol were removed (the final number of genes was 21,412). Then all genes were ranked

by the corresponding DESeq? output Wald statistic (‘stat’ in DESeq? output, defined as

estimate of the log> fold change divided byits standard error).

> One functional GSEA run was performed for cach GO category (BP, CC and MF) retrieved
pare from the Molecular Signatures Database gene sets (version 5.2, gene sets queried using gene
g symbols)*!. A total of three GSEA runs was carried out. GSEA was run in classic pre-rank
= mode with 10,000 permutations to assess the false discovery rate (FDR). In the GSEA rans,

5 maximumcluster size was set to 5,000 and minimumcluster size was set to 10.
u
= Computation of variation in gene expression
“ TPMwere computed as follows. Gene read counts were divided by gene length in kilobases

(gene length was computed using featureCounts software, version 1.5.1). This results in

reads per kilobase (RPK). To obtain then TPM values, RPKs were divided by the sample

“per million’ scaling factor (defined as the total number of gene counts in a sample divided

by a million). The removeBatchEffect function from the liamma R package (version 3.26.9}

a was used to remove technical batch effects. In removeBatchEffect, the expression matrix
& was Set to the logo(TPM + 1} expression matrix, the batch! variable was set to ‘Hbrary
3 preparation batch’ and the covariates variable was set to “RNA concentration’. The obtained.

= matrix was split into non-stimulated and stimulated. Then the removeBaichE ffect function
= was run a secondtime to remove patient sex and race effects separately. Fromthis output
u data, the delta of each gene was computed.

~ Correlation between the delta of gene expression and delta ACTA2

ACTA2™cells were measured in samples from the 84 patients as described above (Operetta

image analysis). Outlier measurements were removed from the ACTA2*cells
measurements. To select the measurements to be removed, we plotted the distribution ofthe

s.d. in the measurements of cach patient (2 = 3). We removed the most distant point in the

= top one percentile of paticnis with the highest s.d. This proceedure was carried out in the
oe TGFBI-stimulated and non- stimulated measurement separately. For each patient sample,

= mean ACTA2 levels were computed in baseline and stimulatedfibroblasts. The
= corresponding delta ACTA2 was derived (defined as the difference between the mean
= stimulated and the mean nonstimulated). Spearman’s rank correlation coefficient and the
& corresponding Student’s test Pvalue were computed betweenthe stimulated and non-
&; stimulated delta of each gene and the delta ACTA2 by using the function corAndPvaive

from the WGCNAR package(version 1.51)*”.
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RNA-segq analysis in the test cohort (patients, n = 9; mouse, n = 18}

 

 

Rawsequencing data (.bcl files) were demultiplexed into individual FastQ readfiles with

z iffumina’s bel2fastq version 2.16.0.10 on the basis of unique index pairs. The adaptor
= sequences and lowquality reads and/or bases were trimmed using Trimmomiatic version
® 0.367 and the read quality was assessed using FastQC version 0.11.55. High-quality reads
& were mapped to Ensembl human GRCh38 version 86 reference or mouse GRCm38 version

86 reference genomes using Spliced Transcripts Alignment to a Reference (STAR) version
‘ 2.5.2b°5,

STAR alignment options were selected on the basis of the parameters used in the ENCODE

project. Strand-specific raw counts ofuniquely mapped (paired-end} reads were summarized

with featureCounts*® to get gene-level quantification of genomic features: featuroCounts -t
exon -g geneid -s 2 -p, Differential expression was performed with DESeq2!° version

e 1.14.1 using rawread counts from featureCounts. We performed a minimal pro-filtcring to
ap remove genes that have no reads or only a single read across all samples to reduce the data

s size and speed up the analysis process
=

8 Sample IDs were included as covariates in DESeq2!® design formula to remove batcheffect
& due to samples and increase the sensitivity for finding differences among the conditions.
= Basal condition was always used as the reference level for pair-wise comparisons, Shrinkage
~ MA-plot was generated to show the log) fold changes over the mean of normalized counts

and points are coloured red if the adjusted P value wasless than 0.1.

GTEx/Fantom analysis

Two independent analyses were carriedto test the tissue specificity of the expression of

“ IL-11. These analyses used tissue expression data from the Genotype—Tissue Expression
Es (GTEx)!! project and the primarycell expression data from FANTOMS!”. Thetest was
S designed to find those genes which had an expression profile that most closely matched an
cs ‘idealized’ expression profile in which a gene is only expressed in stimulated fibroblasts. To

8 do this, we used the Jennson-Shannon divergence (JSD) index, which is a measure of
& similarity between two probability distributions. We compared each distribution from
= FANTOMor GTEX incorporating our own expression data on stimulated fibroblasts to the
~ idealized distribution. As a result, all genes with a low distance (according to ISD) to this

idealized distribution are genes that are specific to stimulated fibroblasts and as such

represent good candidates for further investigation.

GTEx data processing

ind GTEx!! project RNA-seq V6pgene read counts (file GTEx_AnalysisvopRNA-seq_RNA-
Es SeQCvi.1.8genereads.gct.gz), reference annotation file
2 (gencode.v19.genes.v6p_model patched_contigs.gtfez GTEx V6p) and sample atiributes

= (HeGTEx_Data|V6_AnnotationsSampleAttributesDS txt) were downloaded from btips:/:= >/, TPM were computed as stated above using the downloadedgenea reference annotation file. AH samples provided by GTExwere used (7 = 8,555), classified
= by tissue type as included in the column ‘SMTS’of the sample attributes file, 30 tissues in

total. Our gene TPMdataset consisting of 84 samples with unstimulated and TGFP I-
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stimulated fibroblasts was added (a = 168) to this GTEx data and all samples were quantile-

& normalized.
=
S FANTOM data processing
= Expression levels of all genes in primary cell types with replicates were downloaded from
= the FANTOMSwebresource (119 cell types). Because the FANTOMSdata are at the level
Q oftranscription start siie expresston derived from CAGE sequencing, we calculated the gene
= level expression by summingall counts that were assigned to a given gene. These were then

normalized by library size m orderto calculate the TPMfor each gene. We then incorporated

the TPM values from the stimulated fibroblasts and quantile normalized the data to ensure

that data from the different techniques were comparable. In order to compare the expression

profiles of /L//RA and IEGR, we extracted the TPMfor these two genes across 511

different primary cell samples that covered cell types fromall lineages. In each case, for

e whichthe expression of either 77.//RA or /L6R ts above the level of noise, we highlight

= these cell types and categorize them as described in the FANTOMScell type ontology.os

= JSD computation
& Onthe basis ofthe distribution of the TPMgene expressionlevels in the 168 fibroblasts
%3 samples before quantile normalization, genes with average logo(TPM+ 1) higher than 2
= were selected (Extended Data Fig, 2). In addition, only protein-coding genes were

considered. The final number of genes included in the GTEx + fibroblasts and FANTOM+

fibroblast analysis was 10,736 and 9,888, respectively.

The JSD was computed between the probability distribution of cach gene and an idealized

distribution, representing the situation in which a gene is only expressed in stimulated

> fibroblasts. The probability distribution ofeach gene was computed as the median gene
& expression in each condition, that is, GTEx tissue, FANTOMcell type or unstimulated or
3 stimulated fibroblast, divided by the sumof the median gene expression acrossall

= conditions. The idealized probability distribution was defined as probability of | x 107°? in
= all conditions, except for stimulated fibroblasts (with probability ~ 1). JSD was computed
s using the R packagejsd (version 0.1).

~ Single-cell RNA-seq

Single-cell suspensions of non-cardiomyocytes were derived from adult left ventricles as

previously described?” either from male, 18-week-oldtransgenic mice!3 overexpressing
PLN®°C™ox from FVB littermates. Single cells were isolated, lysed and subsequently RNA
was reverse-transcribed and converted into cDNA libraries for RNA-seq analysis using a

= Chromium Controller and a Chromium Single Cell 3° v2 Reagent kit (Genomics 10°9
oe following the manufacturer’s protocol. Libraries derived from PLN®°C* or FVB mice were
= pooled together for DNA sequencing on a NextSeq 500 (fhimina) using a high-output kit
= (150 cycles) to a mean depth of > 60,000 reads percell. Alignment ofreads to the genome
= and generation of gene counts per cell was performed by Cell Ranger 1.2 software
& (Genomics 10%). Cells of sufficient complexity were clusiered using SNE andplots were
&, generated using the Seurat R package**,
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Mouse models

Animal procedures were approved and conducted in accordance with the SingHealth

z institutional Animal Care and Use Committee (ACUC)or in accordance with local
= guidelines from collaborating laboratories. All mice were from a C37BL/6 genetic
2 background and they were bred and housed in the same room and provided food and water
& ad libitum. For in vivo gain-of-function studies, the mice were allocated to experimental

groups to ensure equal litter/sex/age across groups. Randomization was not applicable to

‘a loss-of-function animal studies owing to genotype-dependent analyses. For gain-of-function
in vivo studies, treatment was not disclased to investigators gencrating quantitative readouts

after treatment. For loss-of-function studies, genotypes were not disclosed to investigators

treating the animals, or generating quantitative readouts.

i1trai knockout mice

© Mice lacking fisnctional alleles for HI tral (ilear, KO) and their wild-type littermates
5 dM Trawere 10-12 weeks ofage and the weights of mice did notdiffer significantly.
= diliral’and Hitrat’” male mice were subcutaneously{s.c.) implanted with an osmotic
g minipump (Alzet model 1004, Durect) containing either angiotensin H (AngIl, 2 mg kg"!
ee per day) in saline (0.9%w/v) to stimulate cardiac fibrosis or an identical volume ofsaline.
g Mice were post-operatively treated with enrofloxacin (15 mg kg”!, s.c.) and buprenorphine
= (0.1 mg kg™}, s.c.} for three consecutive days. Kidney fibrosis was induced by

intraperitoneal(i.p.) injection offolic acid (180 mg kg” !) in vehicle (0.3 M NaHCO)into
di tral’™ and Ii fratfemale mice; control mice were administered vehicle alone. Mice

were euthanized 28 days post-implantation or post-injection, respectively. TAC was

performed in Mitral’and Hilal’ male mice as described previously", Post-operative
treatment was performed as described above. Age-matched sham mice underwent a sham

e operative procedure without TAC. Trans-thoracie two-cdimenstonat Doppler
= echocardiography was used to confirm increased pressure gradients (> 40 mm Hg) indicative
~ of successful TAC. Mice were euthanized at 2 weeks post-TAC for histological and
2 molecular assessments.
E
g H-11 transgenic (il-17-Tg) model
= In this model, the mouse 7/77 cDNA was expressed under the control of the ubiquitous

cytomegalovirus immediate early enhancer and the chicken B-actin promoter. A foxP-

flanked STOP cassette was introduced in between the promoter andthe transgene so that

overexpression could be conditionally induced by Cre recombinase. The conditional

transgene was introduced into the Rosa26 gene locus of embryonic stemcells and this

“ transgenic mouse line is referred to here as Rosa26-f11 1 mice.«

me To direct transgene expression in fibroblasts, heterozygous Rosa26-/// / mice were crossed
= with Cofla2-CreER mice” to create double heterozygous Colla2- CreER-Rosa26-Hl 1
= progenies (referred to here as H-11-Tg mice). Il-11-Tg mice were injected with Img
= tamoxifen (T5648, Sigma-Aldrich) ip. at 6 weeks of age for 10 consecutive days to induce
5 Cre-mediated recombination. Likewise, wild-type littermates were mjected with 1 mg
ce tamoxifen for 10 consecutive days as controls.
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The mice were cuthanized 14 days after cessation of tamoxifen administration.
Red

& In vivo Il-11 administration model
& rmll-11 was reconstituted to a concentration of 50 pg mI”! in saline. Ten-week-old male
= mice and transgenic Colla!-GFP reporter mice“? were subjected to dailys.c. injection with
= either 106 ug kg”! of rmil-11 or an identical volume of saline for 21 days.

= Myocardial infarction model
Wild-type male mice (10-12 weeks) underwent myocardial infarction surgery as described

previously*®. Age-matched controls underwent sham procedures withoutligation of the
coronary artery, In «a subset of myocardial mfarction mice, rmIl-11 or an identical volume of

PBS were administered daily via s.c. injection for 6 successive days.

& Echocardiography
= Trans-thoracic echocardiography was performed on all mice using Vevo 2100 with a MS400
= linear array transducer (VisualSonics), 18-38 MHz. Mice were anaesthetized with 2%
g isofhirane and kept warm on a heated platform (37 °C). The chest hairs were removed using
ee depilatory cream and a layer of acoustic coupling gel was applied to the thorax. An average
g of 10 cardiac cycles of standard 2D and 2+mode short axis at mid papillary muscle level
= according to a previously described method were obtained and stored for subsequent offline

analysis*!. Left ventricular ejection fraction and dimensions were calculated using a
modified Quinone method*.

{n vivo telemetry

Before TA]1TPA-C10blood pressure device (Data Sciences International) implantation, the

e zero offset was measured, and the unit was soaked in 0.9% NaCl. Mice were anaesthetized
5 with isoflurane and kept warm on a heated platform. The pressure-sensing catheter was
~ inserted into the left carotid artery and extended into the aorta, and the transmitter was
2 placed in a subcutaneous pocket. All mice were allowed 10 days recovery from surgery
ee before baseline blood pressure vahies were recorded for five days. The data from the
at TALIPA-C1LO0 device were transmitted via radio frequencysignals to a receiver below the
= home cage and sampled every 5 min for 10s continuously day and night with a sampling

rate of 1,000 Hz. Following five days baseline pressure recording, the mice received Anglf

as described above. Telemetry data were collected continuouslyfor the duration of the AnglT
infusion.

ELISA

e The level of IL-L1, FLIERA, MMP-2?, and TEMP-1 in equal volumes of cell culture medium
5 were quantified using the following kits: Human IL-11 Quantikine ELISA kit (D1100, R&D
= Systems), Human ILITRA ELISA kit (LSF8919, Lifespan Biosciences), Total MMP-2
x Quantikine ELISA kit CWMP200, R&D Systems), Human TIMP-1 Quantikine ELISA ki
tA (DTM1G0, R&D Systems}, Mouse plasma level of CRP, IFNy, TGFBI, and TNF were

3 measured using the following kits: CRP Quantikine ELISA kit (ab157712, Abcam), and
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Mouse IFNy ELISA kit (ab100689, Abcam}, Mouse TNF ELESA kit (ab208348, Abcam),

and Mouse TGFBI ELISAkit (ab119557, Abcam).

Colourimetric assays

RT-gPCR

Quantification oftotal secreted collagen in the cell culture supernatant was performed using

a Sirius red collagen detection kit (9062, Chondrex). The mouse plasma levels of urea and

creatinine were quantified using urea assaykil (ab83362, Abcam) and creatinine assaykit

(ab65340, Abcam), respectively. The amount oftotal collagen im the heart and kidney was

quantified on the basis of colourimetric detection of hydroxyproline using a Quickzyme

Total Collagen assay kit (Quickzyme Biosciences). All colourimetric assays were performed

according to the manufacturer’s protocol.

Total RNA was exiracted from either the snap-frozentissues or cell lysate asing Trizol

reagent (Invitrogen) followed by RNeasy column (Qiagen) purification. The cDNA was

prepared using an iScript cDNAsynthesis kit, in which each reaction contained 1 pg oftotal

RNA,as per the manufacturer’s instructions. Quantitative RT-PCR gene expression analysis

was performed on triplicate samples with either TaqMan (Applied Biosystems) or fast

SYBR green (Qiagen) technology using a StepOnePius (Applied Biosystem) over 40 cycles.

Expression data were normalized to GAPDH mRNAexpression levels and we used the

2AAC method to calculate the fold change. Specific TaqMan probes were obtained from
Applied Biosystems and are available upon request.

Immunoblotting

Western blot analysis was carried out on total protein extracts from fibroblasts or mouse

tissues. Fibroblasts or frozen tissues were homogenized bygentle rocking in lysis buffer

(RIPA buffer containing protease and phosphatase inhibitors (Roche)) followed by

centrifugation to clear the lysate. Equal amounts ofprotein lysates were separated by SDS—

PAGE,transferred to a PVDF membrane, and subjected to immunoblotting analysis of p-

AKT (4060, CST), AKT (4691, CST), p-EIF4E (9741, CST), EIF4E(2067, CST), p-

ERK 1/2 (4370, CST), ERK 1/2 (4695, CST), GAPDH(2118, CST), IL-11 (MAB218, R&D

Systems), p-MEK1/2 (9154, CST), MEK 1/2 (4694, CST), p-mTOR (2971, CST), mTOR

(2972, CST}, p-p38 MAPK (4511, CST}, p38 MAPK (8690, CST), p-RSKI (11989, CST),

RSK (93545, CST), p-SMAD2 (5339, CST), SMAD2 (3108, CST), p-STATS (4113, CST)

and STAT3 (4904,CST), Proteins were visualized using the ECLdetection system(Pierce)

with the appropriate secondary antibodies: anti-rabbit HRP (7074, CST) and anti-mouse

HRP (7076, CST). Each western blot experiment was repeated independently with similar

results as follows: Fig. 2c HyperfL-f1 + BFA, 2 = 3; Fig. 2e various pro-fibrotic stimuli, a=

2; Fig. 4a, d Angll model, a= 5; Fig. 4e, h TAC model, 2 = 3; Fig. 4i, 1 folic acid (FA)

model, a= 5; Extended Data Fig. 3c H-11 in PLN model, a = 3; Extended Data Fig. 5m

HypIL-11 + BFA + CHX, 2= 2; Extended Data Fig. So IL-11 time course, a= 4; Extended

Data Fig. Sp elF4E activation, a= 5; Extended Data Fig. $q TGF® time course, = 3;

Extended Data Fig. 5s vartous pro-fibrotic stimuli, a= 2; Extended Data Fig. 7n H-11-Tg

model, a= 4; Extended Data Fig. 9e Angil model — p38, .7= 5; Extended Data Fig. 9f TAC

model -p38, n= 3; Extended Data Fig. 98 FA model — p38, a= 5,
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Tissnes from TAC and Colial--GFP mice models were subjected to cryosectioning and

tissues from all other models were paraffin-embedded. Hearts were sectioned at 5 wmand

kidneys at 3 jun. For paraflin sections, tissues were fixed for 24 h, at room temperature in

10%neutral-buffered formalin (Sigma-Aldrich), dehydrated and embedded in paraffin. For

eryosections, freshly dissected organs were embedded with Tissue-Tek Optimal Cutting

Temperature compound (VWRInternational). Cryomoulds were then frozen in a metal

beaker with isopentane cooled in liquid nitrogen and sections were stored in — 80 °C. Total

collagen was stained. with Masson’s trichrome stain kit (HT15, Sigma-Aldrich) accarding to

the manufacturer’s instructions. Images of the sections were captured and blue-stained

fibrotic areas were semiquantitatively determined with ImageJ software (version 1.49}. For

iummenohisiochemistry, the tissue sections were incubated with anti-ACTA2 antibady

{ab5694, Abcam). Primary antibodystaining was visualized using an ImmPRESS HRP

Anti-Rabbit IgG Polymer Detection kit (Vector Laboratories) with ImmPACT DAB

Peroxidase Substrate (Vector Laboratories) as the chromogen. The sections were then

counterstained with Mayer’s haematoxylin (Merck). Detection of GFP expression was

performed according to established protocols*?. Each histology experiment was repeated
independently with similar results as follows: Fig. 3a myocardial infarction model, a= 5,

Fig. 3f Colial--GFP model, a= 3; Fig. 3] I-11-Tg model, n= 4; Fig. 4b Anglf model, n= 4;

Fig. 4f TAC model, a= 3, Fig. 4) FA model, n= 4; Extended Data Fig. 71 rmIL-11 model, 2
= 3,

Statistical analysis

Statistical analyses ofhigh-conient imaging, q?CR and protein data were performed using

GraphPad Prism software (version 6.07). Fluorescence intensity (collagen I, POSTN) was

normalized to the number of cells detected tn the field and recorded for seven fields per well.

Cells expressing ACTA? were quantified and the percentage of activated fibroblasts

(ACTA2"*) was determined for eachfield. Outliers (ROUT 2%, GraphPad Prismsoftware)

were removed before analysis. When several experimental groups were compared to one

condition(that is, to unstimulated cells), we corrected P values according to Dunnett’s.

When we compared several conditions within one experiment, we corrected for multiple

testing according to Sidak. The criterion for statistical significance was P< 0.05 (*P< 0.05,

**P< 0.01, #8P< 0.008, ****P< 0.0001).

Data availability

High-throughput data used throughout the manuscript (Figs 1, 2, Extended Data Figs 1, 2, 5,

7 and Supplementary Information) have been deposited into the Gene Expression Omnibus

 x} ander accession namber GSE97117. ThePRAY,PCED REY
 

authors declare that all other daia supporting the findings ofthis study are available within

the paper and its Supplementary Information. Source data are provided with the paperas

Supplementary Fig. | (western blots) and Source Data for Figs 3, 4 (individual data points

for ia vivo studies presented in Figs 3, 4) are included in the online version ofthe paper. Any

additional information is available upon request from the corresponding author.
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Extended Data
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Extended Data Figure 1. RNA-seq of fibrotic cardiac fibroblasts

a, Mapped RNA-seq reads for human fibroblasts (7 = 84 biologically independent samples).

We aimed to generate at least 60 million reads per sample to assess RNA expression with

and without stimulation of primarycardiac fibroblasts with TGFB1. Fibroblasis were derived

fromthe atria of 84 individuals, resulting in a total of 168 RNA-seq datasets for

unstimulated and stimulated cells. After mapping, we used only reads that map to one

unique location in the genome to estimate gene expressionlevels. b, Distribution of mean

gene expression across all sarmples for each gene. We found 12,081 genes to be expressed at

log2(TPM+ 1) > 2. Genes belowthis cut-off were not considered in subsequent analyses. e,
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TPMdistribution for each sample after filtering (#7 = 84). d, Ward clustering of Euclidian

distance of RNA-seq samples. Sample gene expression tends to chuster mostly by genotype,

indicating a strong genetic effect, beyond the effects of TGFG! stimulation.
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Extended Data Figure 2. Characterization the TGFBI-regulated gene, H-11
a, We measured the amountofactivated fibroblasts (ACTA2* cells) using the Operetta High-

content imaging platform and IL-1! transcript levels by RNA-seq (27 = 84 biologically

independent samples). The merease in IL-11 expression correlated strongly with fibroblast

activation im the cohort (eo = 0.47, 95% confidence interval = 0.28-0.62). ST, stimulated cells

(Sng mf! 24 h): BL, baseline cells (unstimulated, 24 h). b, TGFBI ( ng mir ' 24h)
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significantly upregulates /7./7 RNA (8.5-fold, P= 6 = 1074/8) in humanatrial fibroblasts
~~ according to RNA-seq analysis (2 = 84 biologically independent samples}. P values were

2 calculated with DEseq2. c, The change in gene expression was confirmedat the protein level
“ using an ELISA assay to measure [L-1} protein in the supernatant of cardiac fibroblasts (2 =

= 6 biologically independent samples). fc, fold change. Two-tatled Student's Ftest. d, RNA-
= seq-based expression differences in /Z.// transcript between unstimulated and TGFB1-
Q stimulated cardiac fibroblasts were confirmed via RT-gPCR.e, f, The JSD was caiculated
= forall protein-coding genes expressed in activated fibroblasts. Low JSD scores indicate that

a gene is highly expressed in stimulated cardiac fibroblasts and lowly expressed in healthy

tissues (e; GTEx) or unstimulated, primary cell lines (f; FANTOM). g, h, 2/7 RNA

expression in TGF61 -stimulated and unstimulated cardiac fibroblasts (7 = 84 biologically

independent samples) compared to GTEx (g; tissues from 2 = 8,723 biologically

independent samples) and FANTOM(h;cell types from = 285 biologically independent

e samples) databases. g, RNA expression of /Z//in TGFB1i-stimulated cardiac fibroblasts

2 (red) and healthy tissues. h, RNA expression of /L// in TGFBI -stimulated cardiac
“ fibroblasts (red) and primary cells. b, c, g, h, Box-and-whisker plots show median (middle

= line), 25th-75th percentiles (box) and 10th-90th percentiles (whiskers).
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Extended Data Figure 3. Single-cell RNA-seq of fibrotic mouse heart
Single-cell RNA-seq analysis of cells isolated from Pin®°C*and wild-type adult left
ventricles shown in Fig. 1. a, Cell types were defined according to indicated marker genes.

b, Cells were clustered and cell type was determined using the Seurat R package (see

Methods). ¢, Upregulation ofIf-11 in the heart in the Pin?°C’* fibrosis model was confirmed
using westem blotting. Alf mice were £8 weeks old and male. d, Subsequently, 1,263

fibroblasts from PinR°’*and wild-type mice were re-clustered using Seurat. WNT
signalling, downstream of TGF! in cardiac fibroblast activation, target genes were used in

this analysis of the four subsequent clusters of fibroblasts; [1-11*cells were primarily found
in chisters 0 and 1 (16 out of 18 Hl-L1-expressing cells). Clusters 0 and 1 were also enriched
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for PinB°C!* cells compared to wild-type. Hl 1ral was expressed in all clusters. Cardiac cells
were sequenced from 2= 1 mouse, experiment was repeated one time with similar results.
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Extended Data Figure 4. IL~-11 activates fibroblasts and is required for the pre-fibrotic effect of
TGFBI
a, b, High-resolution fluorescence imaging after TGFBI or IL-11 treatment (5 ng m1}, 24
h) of primarycardiac fibroblasts. Immunostaining of nuclei (DAPI, blue), ACTA2 (red) and

F-actin (phalloidin, green} indicated that both TGFBt and IL-11 activate fibroblast stress

fibre formation and increase the number of myofibroblasts in vitre to similarlevels.

Experiment was repeated four times with similar results. c, Automated quantification of
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fluoreseence (Operetta assay 2 = 7 measurements per 2 = 6 independent experiments) of

primaryatrial fibroblasts reveals significant fibroblast actrvation and ECMproduction

induced by both TGFBI and IL-11 (5 ng ml!, 24 h).d,In addition, TGF! effects can be
reduced with an anti-IL-11 antibody (2 pj ml-!). ¢, d, Collagensecretion in the supernatant
{2 = 6 independent experiments) was assessed with Sirius Red. ¢, Mouse primary fibroblasts
were incubated for 24 bh with indicated concentrations of recombinant human or mouse

IL-1 1. Fibroblast activation was monitored using the Operetta High-Content Imaging

platform and immunostaining for ACTA2. rhIL-L} was found to inefficiently activate mouse

fibroblasts (rmIL-11, 2 = 2, rhIL-11, 2 = 4 biologically independent samples) compared to

rmLL-11; this occurred for rhfL-11 treatment with rhiL-11 from two separate suppliers. f, g,

MMpP-2 (f) and TIMP-I (g) concentrationin the supernatant (ELISA)ofcardiac fibroblasts

(a= 4 biologically independent samples) without stimulus (—), with TGFBI or IL-11 (6 ng

ml-!, 24h). h, 1-1 1-neutralizing antibodies (anti-IL-11, 2 ag mi7!) block the increase in
MMpP-2 and TIMP-1 protein. i, /e vitro monolayer scratch wound assay of cardiac

fibroblasts. Wound closure was compared betweenstimulated (TGF®1 or IL-11: 5 ng mi),
24h) and unstimulated cardiac fibroblasts (2 = 8 biologically independent samples) after 24

h. j, Cardiac fibroblasis (2 = 3 biologically independent samples) were seeded in collagen

gel and the contraction was monitored. The area of contraction is comipared between

stimulated (TGFG1 or IL-11; 5 ng ml4) and unstimulated groups after 72 h. k, Trans-well
migration assay. Afler 24 h ofstimulation (TGF! or IL-11; 5 ng mi!), cardiac fibroblasts
(7= 6 biologically independent samples) that crossed the membrane towards cither a

TGFBI- or IL-1 f-containing compartment were colourimetrically quantified and compared

to data from unstimulatedcells. l-n, Cardiac fibroblasts were incubated with TGF®I (5 ng

ml! 24h) and indicated amounts of HL] 1RA:gp130 decoyreceptors (k 33 amino acid (aa)
or 50 aa linker peptide), anti-IL11RA antibody (m; 2 ug ml!) or siRNA pools against IL-11
or ILLIRA (n). i-n, Fibroblast activation was monitored via immunostaining for ACTA2 on

the Operetta platform. decoy receptors (1): 7 = 7 measurements per n= 2 independent

experiments; anti-LILRA (m): 1 = 7 measurements per 1 = 2 independent experiments;

siRNA (n): Operetta assay = 7 measurements per 2= 10 independent experimenis. 0,

Humanrenalfibroblasts were incubated with TGFBI or 1-11 (5 ng mit, 24 h) in the
presence or absence of anii-IL-11 or an IgG control antibodies (2 ug mI”! each) for 24h.
ECM wasassessed using the Operetta platform by staining for collagen L Fluorescence was

normalized to non-stimulated cells (black). p, These results were confirmed with Sirms red

assayof the total collagen in the supernatant. q, rmll-11 stimulation (5 ng m!™!, 24 h) also
activated mouse cardiac and renal fibroblasts. Myofibroblasts and ECMwere assessed using

the Operetta platform by staining for ACTA2, collagen T or POSTN. Fhiorescence was

normalized ta non-stimulated cells (black). o-q, These experiments were repeated three

times with similar resulis. r, Cardiac fibroblasis analysed on the Operetta high-content

imaging platform with immunostaining ofACTA2 after 24 h incubation without stimulus,

TGFBI (5 ng mf}, 24h) or TGFBI and IL-6-neutralizing antibody (2 pg mi! 24h).
Automated quantification of fluorescence (Operetta assay 2 = 7 measurements per 2 = 6

independent experiments} shows no significant decrease in fibroblast activation using anti-

IL-6 antibodies. Daia are mean and circles showindividual values (e) or mean + s.d. and

circles showindividual values (e, d bottom right, f-h, k); box-and-whiskerplots (e, d, I-n,

r) show median (middle line), 25th-75th percentiles (box) and 10th—90th percentiles
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(whiskers). Two-tailed Dunnett’s test (¢, f, g, i-k), two-tailed Student's Gtest (d, h, r) or

two-tailed, Sidak-corrected Student’s étest (-n). *P< 0.05; #*P< 0.01;*P< 0.004
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Extended Data Figure 5. 1L-11 drives fibrogenic protein expression via non-canonical ERK
signalling

a, Genome-wide RNA expression differences of cardiac fibroblasts in response to IL-1] (a=

4 biologically independent samples, 5 ng m{"!, 24 h). Red indicates differentially expressed
genes according to DEseq?. Fibrosis gene RNA is not increased by IL-11 treatment. b-e,

RT-—gPCR experiments for RNA expression of ACTA? (b), POSTN(ec), MMP2 (d) and
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TIMP1 (e} in response to [L-11 treatment (5 ng mf|, 24 h) compared to unstimulated cells.
IL-11 does not significantly upregulate these genes at the RNAlevel in cardiac fibroblasts (7

= 4 biologically independent samples). f, Sirius red assay reveals significant increase in

collagen protem. g, ELISA reveals increase in MMP-2 protein in the supernatant ofthe

samples (shown in Fig. 2b, a= 6 biologically independent samples) that lack a change m

RNAtranscripts. h, Concentration of ILI1RA (ELISA)in the supernatant of cardiac

fibroblasts (2 = 3 biologically independent samples) after TGF®1 stimulation (S ng mi! 24
h). i, Cardiac fibroblasts were incubated with mcreasing concentrations ofa fusion proteim

consisting of IL-1! and ILI1IRA connected with a linker peptide that recapitulates the

features of the IL-11 trans-signalling complex. Concentrations as low as 200 pg ml!
significantly activated cardiac fibroblasts as measured using a highcontent imaging platform

and staining for ACTA2 expression (Operetta assay 2= 7 measurements per = 4

independent experiments). j, k, rhfL-11 GD and hyperlL-11 (k) were added at indicated

concentrations and subsequently measured using a commercially available IL-11 ELISA (7

= | independent experiment). The ELISA did not detect rhiL-11 or byperlL-11. We note that

the reactivity to rhIL-11 was variable dependent on batch and provider and rhIL-11 was

sometimes detected. However, in all experiments presented in the main figures, we

confirmed that the rhIL-11 used was not detectable by the ELISA by additional

measurements. This ELISA rchably detected native IL-1 1 secreted by human fibroblasts. |,

Cardiac fibroblasts (7 = 3 biologically mdependent samples) were incubated (8 h) with

hyperli.-11 (0.2 ng mf!) in the presence of absence of the inhibitor ofprotein translation,
cyclohexamide (CHX, 5 pg ml”!),or protein secretion, brefeldin A (BFA, 1 pg ml”). Both
inhibitors block the increase in IL-11 protein in the supernatant in response to hyperIL-1i1

treatment. m, Western blot and ELISAof IL-11 in cardiac fibroblasts after hyperf{L-f1, the

inhibitor of the Golgi secretory pathway BFA and/or the translation inhibitor CHX treatment

shows de neve protein synthesis and canonical secretion of IL-11after stimulation. n,

ELISA (2 = 9 biologically independent samples) and RT-gPCR (= 5 biologically

independent samples) assays showan increase in endogenous IL-11 protein but not RNA

overtimeafter rhIL-11 (5 ng ml!) treatment. 0, ERK signalling pathway activation by
TGFBI and 1L-11. Western blots showactivation of the non-canonical MEK-—-ERK- RSK

cascade in response to IL-11 stimulation of humancardiac fibroblasts. Here the response

was greatest at 15 min in the two patients analysed, but more prolonged ERK activation was

also seen in additional experiments. p, Downstream substrates of ERK, such as elF4E, were

also phosphorylated by rh¥L-1 tf. q, TGFBI! also activates the ERK pathway. The time course

and degree of activation was variable between patients. r, Collagen secretion (Sirius red)

from cardiac fibroblasts (control, 2 = 6; TGFBI, a= 6; TGFRL + U0126, a= 3; TGFBI +

PD98059, a= 3; IL-11, a= 6; IL-11 + U0126, n= 3; IL-11 + PD98059, n= 3 biologically

independent samples) induced by TGFBI or IL-1] (5 ng ml”!, 24 h)is reduced by two
separate MEK inhibitors (10 uM). s, Western blot oftotal protein levels of key signalling

molecules in fibroblasts after 24 h stimulation with Angil (100 nM), CTGE (50 ng mf),
EDNI (250 ng ml), bFGF (10 ng ml), FL-13 (100 ng ml}, OSM(100 ng m1), PDGF
(200 ng mi} and TGF! (5 ng mil”!), The corresponding activated proiein levels are shown
in Fig. 2e. t, siRNAtreatment of TGFB 1-stimulated cardiac fibroblasts. RT--qPCR shows

SMAD-dependent upregulation of /Z// RNA (control, n= 8; TGFB1, a= 5; si TGFBIR, n=

5; siSMAD?, n= 4; iSMADS, n= 4 biologically independent samples). Daia are mean +
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s.d. (b-h, Ln, r, t); box-and-whisker plots () show median (middle line), 25th-75th

percentiles (box) and 10th-90th percentiles (whiskers). Two-tailed Student's 4test (b-h),

two-tailed Dunnett’s test (i, r) or Sidak-corrected, two-tailed Stadent’s étest (1, t} or one-

way ANOVA (n). *P< 0.05; **P< 0.0L; #** P< 0.001, ****P< 6.0001.

 

 

3.008e-004 

   

8056]  
 

   
 
 

 

 
 

 

  

t
1o0de God 2 eb0eKOs T.0GSe004

: T + 7 3
Le 2 ¥.0008.004 i wk: ake i 2

2 Myo zBic 2
1 8 4

O engage 9 
 
 
 

 

 

sosenda imgeroa os

 
 
  TAZ?vets.

  
   fecencaneeneccercdeccnneeenccennnedencennen

a

Lagbeood 4

 
 

lokanentCollage

sot>. nnnCnnCiDe
r

4
4

 
tJ

  

 
tO

La
 

    
 

Extended Data Figure 6. FL-11 is required for the pro-fibrotic effects of multiple stimuli

a-h, Cardiac fibroblasts were incubated for 24 h with TGFBI (a; § ng ml”}), CTGF (b; 50
ng mt), PDGF (e; 200 ng m7}, TL-13 (d; 100 ng m7, Angll (e; 100 nM), OSM(& 100
ng ml~!), EDN1 (a: 250 ng ml!) or bFGF(h; 10 ng mi)in the presence or absence of an
IL-1 1-neutralizing antibody (EL-11ab) or IgG control (2 pg ml”!), Cells were stained for
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ACTA2, collagen [and POSTN to monitor the amount of myofibroblasts and ECM

production. High-content imaging and quantification offluorescence (Operetta assay 2 = 7

measurements per 2= 6 independent experiments for each condition and celhdar phenotype)

revealed that anti-IL-1} antibodies significantly reduce the pro-fibrotic effect of these stimuli

on myofibroblast ratio and ECM production. Two-tailed Dunnett’s test. Box-and-whisker

plots show median (middle line), 25th-75th percentiles (box) and 10th-90th percentiles

(whiskers).
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Extended Data Figure 7. H-11 acts post-transcriptionally and causes fibrosis in vive
a, RNA-seq fold change in TGFB t-regulated genes in M7 La/*'"cardiac fibroblasts (a= 3
biologically independent samples) compared to [//raf" cardiac fibroblasts (a = 3
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biologically independent samples) after TGFBI stimulation (5 ng mi, 24 h) are highly
correlated. Spearman’s correlation shows that RNA levels of fibrosis genes are upregulated

equally in both genotypes. b, Wild-type and knockout fibroblasts (2 = 3 biologically

independent samples) were incubated with TGFBI (5 ng ml“! 24 h) and RNA-seq was
performed to detect differentially expressed genes using DEseq?. All genes regulated by

TGFBI in wild-type cells are plotted with decreasing — loga(Padjusted). The P value ofthe
same genes in stinndated ///raT?cells are plotted to the right. A similar P-value
distribution suggests that TGFBi-driven RNA expression changesare still present in the

absence of IL-11 signalling showingthat loss of it lral does not influence the TGFBI-

driven transcriptional response. ¢, d, Primary atrial fibroblasts were prepared from //7 /raf*"*
(c) or 7Ira(d) mice were incubated for 24 h without stimulus or with TGFBI (5 ng ml
~Y), IL-11 (5 ng mt!) or Angi! (100 oM). Cells were stained with antibodies against
ACTA2, collagen Tor POSTN. Images were taken at low magnification (10%) on the

Operetta imaging platform. As shown,fibroblasts from knockout mice do not respond to

pro-fibrotic stimuli at the level of pro-fibrotic protein expression. This experiment was

repeated four times with similar results. e, Circulating markers of inflammation after rmIl-11

injection (100 pg kg! perday, three weeks; 2 = 14 biologically independent samples). f,
Circulating levels of TgfBl CELISA)after nmfl-11 injection (control, 2 = 8; I-11) imjection,

= £2 biologically independent samples). g, Collagen content (HPA assay) in atrium (control,

n= 7; rmil-ll, a= 10 biologically independent samples) after rmiL-[1 treatment. h, The

area indicative for collagen deposition was assessed overseveral fields in a= 4 biologically

independent samples and compared between samples from tmH-1 t-treated and control mice.

i, Representative histological umages of the heart and kidneyafter rmil-11 injection mdicate

increased collagen content according to Masson’s trichrome staining. This experiment was

repeated three times with similar results. j, RNA expression (RT--qPCR)offibrosis genes in

heart (1 = 12 biologically mdependent samples) and kidney (2= 11 biologically independent

samples) after mH-11 treatment compared to control. k, RNA expression (RT-—qPCR) of

fibrosis genes in heart (contral, n= 6; T-11-Tg, a= 3 biologically independent samples) and

kidney (control, #= 7; Il-11-Tg, a= 4 biologically independent samples) of tamoxifen-

treated HLL 1-Ty, Colla2-CreER and control mice. L Cardiac fibroblasts were mcubated with

TGFBI or IL-1 (5 ng mt4) and EdU (10 pM mr, 24 h), which was used to detect
replicating DNA byfhiorescence by automated quantification of images (Operetta assay 2 =

7 measurements per 2= 6 independent experiments). This analysis reveals a significant

increase in fibroblast proliferation (EdU™ells) induced by both TGFB1 and IL-11. The

percentage of EdU*cells was normalized to the average detected in non-stimulated cells. m,
Cells were incubated with TGFBI (5 ng ml! 24 h) andeither an IgG control or anti-IL-11
antibody (2 ug mi”!, 24 h). High-content imaging (Operetta assay a= 7 measurements per a
= 6 independent experiments) and quantification ofproliferating cells showthat anti-IL-11

antibodies significantly reduce the effects of TGFBI onfibroblast proliferation. The

percentage of EdU* ells was normalized to the average detected in cells simulated with

TGFBI and igG control. n, Western blots show an increase in H-11 protein expression in the

heart and kidneyafter tamoxifen treatment in H-11-Tg, Colla2—CreER mice. o, I-El

transgenic mice were crossed with a Colia2- promoter, tamoxifen-inducible Cre mouse

strain (Tl-11-Tg). Six-week-old mice were treated with tamoxifen (1 mg per day, 10

consecutive days} to induce Cre-mediated recombination. Likewise, wild-typelittermates
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were injected with tamoxifen for 10 consecutive days as controls. The mice (control

~~ creatinine, v= 5S; H-11-Tg creatmine, a= 4; control urea, 2= 6; l1-11-Tg area, a= 4; control
= TefBl, a= 6; f-11-Tg TgfBl. a= 4 biologically independent samples) were euthanized 14
= days after cessation of tamoxifen administration. Seram urea and creatinine increased and
= indicated renal impairment. We also observed an increase in circulating TgfB1 levels. p,
= Collagen content (HPA assay) in atrium (control, a= 11; 11-11-Tg, a=4biologically
& independent samples) from tamoxifentreated or control f-11-Tg mice. Data are mean + s.d.
= (e, fh, k, a); box-and-whiskerplots (g, }, l,m, p) show median (middle fine), 25th—75th

percentiles (box) and 10th—90th percentiles (whiskers). Sidak-corrected, two-tailed Student's

Htest (e, f, kK) or two-tailed Student’s test (f-h, m, 0, p) or Dunnett's test (D. *P< 0.05; **P

<O.0Lb; F**P< 0.001; **** P< 0.0001.
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Extended Data Figure 8. H-11 inhibition does not alter blood pressure after AngII treatment
Iffratwild-type (n= 4 biologically independent samples) and //fIral™knockout (7=
5 biologically independent samples) mice were injected with Angll (2 mg kg™! per day, 28
days). a, b, Systolic (a) and diastolic (6) blood pressure was measured by a7 vivo telemetry

for one week before and four weeks after the Angll infusion. Systolic (c} and diastolic (d)}

blood pressure for individual mice. Angll resulted in an increase in blood pressure as

expected. The genotype did nat have a significant effect on blood pressure. e, Aortic reot or

arch velocity of the blood. There was no significant difference in the degree of aortic
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constriction in the TAC model between genatypes (2 = 6 biologically independent samples).
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2 Extended Data Figure 9. Reduction in collagen deposition in (2/7ral~~ animals is independent

of p38 MAPKsignalling

e Hitiral’* mice (control, a= 13; Angll, 2 = 10 biologically independent samples) and
= Ultrat™ mice (control, 2= 5; Angll, a= 7 biologically independent samples) were
~ injected with Angli (100 pg kg! per day, three weeks). a, HPA assayofventricular tissue

shows a decrease in collagen deposition in ///tral” mice after Angll infusion. b, Indexed
heart weight of wild-type (control,= 17; AnglIf, 7= 17 biologically independent samples)

and HIIra’(control, 2 = 8; Anglil, 2= 9 biologically independent samples) mice afler
Angll injection. ¢, Indexed heart weight of HJ fraz**(control, n= 4; TAC, n= 6

“be biologically independent samples) and Jff fra/‘~ (control, n= 6; TAC, 2 = 6 biologically
Be independent samples) mice afier TAC. d, Kidney weightof I//Iral‘’* (control, 2= 5; folate,
gS n= 8 biologically independent samples) and #/Jral’”(control, 2 = 6; folate, 2= 5
= biologically independent samples) mice three weeks afterfolate injection (180 mg kg”!). a~

= d, Sidak-corrected, two-tailed Student’s Gtest. Data are mean + s.d. e-g, Western blot of p38
ei MAPKsignalling in tissues of W//ira/°"* and I//Lal” mice after Angl! infusion (e), TAC

= (f) or folate treatment (g). h, Schematic showing the proposed role of [L-11 fibroblasts. An
autocrine loop of IL-11 signalling is required to feed-forward changes in pro-fibrotic MRNA
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abundancesto the proteim level by activating translational processes that are ERK-

dependent. Blocking this loop lumits fibrosis caused by multiple upstream stimul: and.

fibrosis in preclinical models of heart and kidneydisease.

Extended Data Table 1

84 patients undergoing coronaryartery bypass grafling donated right atrial biopsies

DEMOGRAPHICS
 

Age (years)

Sex (M/F)

Race (CH/MY/IN/other)

Height (m}

Weight (kg)

Waist Circumference (com)

Hip Circumference (cm)

Systolic BE (mmHg)

Diastolic BP QrmAg)

MEDICAL BRISTORY

Hypertension (Y/N)

Smoking (Y/N/Ex)

Myocardial infarct (Y/N}

Atrial fbrillation® (Y/N)

Diabetes (Y/N)

Dhuretic (Y/N}

Bets Blocker (Y/N)

Nitrate (Y/N)

Insulin (Y/N)

Oral anti-diabetic (Y/N)

ACEor ARB (Y/N)

Stat(Y/N)

Calciumantagonist (Y/N)

ECG DATA

PR (ms)

QRS Gns}

QT Gns}

Heart rate (bpm)

BLOOD TESTS

Hemoglobin (g/L)

Urea (mM/L)

Creatinine (uM/L)

Fasting glucose (mM/L)}
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33/40
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$2/32
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Red== > -
Bae ECHO DATA
oS=

= LVEF(%) $2.34 12.9
2 Left atrial area (em?} AL+0.?

& LVIDd(em) AQEOT
LVIDs fem) 3.3408

= EVA Ratiw 1.4407

BLOPSY

Biopsy weight (ng) 94.6 + 59.5

Categorical data are presented as yes CY) or no (N), unless otherwise indicated. Echocardiography (Echo} data: ieft
ventricular ejection fraction (LVEF), left ventricular internal diameter in disstole (LVID4d), left ventricular internal diameter

 
e in systole (LViDs), mitral valve inflow measured as ratio of peak velocity flowin early diastole (2) comparedtolate
pare diastate (A) caused byatria] contraction (E/A) ratio. Atrial fibrillatian* refers to any present or previous history of atrial
o fibrilation, Quantitative data represented as mean is.d. CHL Chinese; Ex, ex-smoker: IN, Indian sub- continent; MY,
“ Malaysian.
=
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oS Refer to Web version on PubMed Central for supplementary material.~s
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= Figure 1. Fibrosis target discovery platform identifies IL-1
ae a, RNA-seg ofprimarycardiac fibroblasts (2 = 84 biologically independent samples) with or
2 without TGF! treatment (5 ng ml~!, 24h) and Spearman’s correlation of expression

= changes with fibroblasiactivation (Supplementary Table 2), DEseq2!® fold change in
= expression and false-discovery rate (FDR)-adjusted P values are shown. b, RNA expression
s in transcripts per million (TPM) of 72. //RA and [LOR across 512 cell lines from the
= FANTOMtepository!2. ¢, Single-cell resolution ofcardiac //7/ expression (more than 0
m reads per cell). edistributed stochastic neighbour embedding (SNE) analysis®® clusters cell

types of the heart. 7/// expression is highly enriched in fibroblasts. xr test (P= 4.7 « 10°8).
d, SNE analysis of fibroblasts alone shows highest I-11 expression in ECM-secreting and

TGFBI -activated fibroblasts. 7 test (P = 0,033). ¢, d, Cardiac cells were sequenced from2
= | mouse, the experiment was repeated once with similarresults. e, £, Representative

“te images (chosen from 42 per condition) of cardiac fibroblasts immunostained forACTA2,

me collagen | or periostin (POSTN)after a 24-h incubation without stimulus (control, TGFBI
& or IL-11 (5 ng m7} (e) or with TGFBI (5 ng mt~!) and ananti-IL-11 neutralizing antibody

= or an IgG control (2 pg ml!) (f). g, Cardiac fibroblasts were seeded in collagen gel and the
= area of contraction determined (2 = 3 biologically independent samples) afler 72 h. h, Trans-
& well migration assay (colourimetrically quantified, n= 3 biologically independent samples,
= 24h). i, Scratch assay of wound closure im a monolayer of cardiac fibroblasts (a = 5
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biologically independent samples) after 24 h. gi, Two-tailed Student’s ¢test; data are mean
 

+ s.d.5 *P< 0.05; ** P< OO.
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Figure 2. Non-canonical [L-11 signalling drives fibregenic protcin synthesis

a, b, RNA-seq ofprimary cardiac fibroblasts in response to TGFB1 (a) or IL-11 (b) (2 = 6

biologically independent samples, 3 ng mi7', 24 h). Red indicates significantly differentially
expressed genes (FDR < 0.05, DEseq?!), RNA expression of genes associated with fibrosis
is not increased by IL-11 treatment. fc, fold change. ¢, ELISA and quantitative PCR with

reverse transcription (RT--gPCR) assays of [L-11 expression (2 = 3 biologically independent

samples) after hyperlL-1 1 treatment (0.2 ng ml!), Benjamini-Hochberg correcied one-way
ANOVA;data are mean + s.d. Inset, western blot of cardiac fibroblast lysates after

hyperlL-11 stimulation and brefeldin A (BFA, | yg ml‘)treatment indicates canonical
secretion of I-11. d, Cardiac fibroblasts were incubated with TGFBI, IL-11 (5 ng ml!) and
MEKinhibitors UG126 or PD98059 (10 uM, 24 bh). ACTA2™ cells and ECM production was

assessed and normalized to non-stimulated cells. e, Western blots of phosphorylated protein

(p-) expression ofsignalling pathways in cardiac fibroblasts in response to various pro-

fibrotic stimuli (see also Extended Data Fig. 5). f, ELISA (supernatant, 2 = 3 biologically

independent samples) and RT-gPCR (n= 2 biologically independent samples) of [L-11

expression in cardiac fibroblasts after 24 h stimulation with AnglT (100 nM), CTGF(50 ng

ml!) EDNE (250 ng mi), BFGF (10 ng mf), TL-13 (100 ng mi|), OSM(100 ng ml),
PDGF (200 ng ml!) and TGFBI (5 ng mf!). Two-tailed Dunnett's test; Data are mean +
s.d. g, Cardiac fibroblasts were incubated with pro-fibrotic cytokines (24 h) and cardiac

fibroblast activation was reduced by anti-IL-1{ antibodies (2 pg ml!; Extended Data Fig,
6). h, Pro-fibretic protems (Operetta assay a= 7 measurernents per a= 2 independent

experiments) are not upregulated in cardiac fibroblasts from ///dra~~ mice in response to
TGFBI, IL-11 (5 ng mi} or Angli (100 nM, 24 h). Experiments were repeated twice with
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similar results. Two-tailed Dunnett's test; box-and-whisker plots show median (middle linc),

25th--75th percentiles (box) and 10th--90th percentiles (whiskers); **** P< 0.0001; NS, not

significant,
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Figure 3. H-il causes cardiovascular fibrosis and organ failure

a, Representative histological images of the epicardium with Masson’s trichromestaining

and ACTA? immunostaining in mice with myocardial infarction (MD treated with rmIL-11

or PBS. b, ¢, Epicardial thickness of regions distal (b) or proximal (ec) to the regian of

myocardial infarction. a—c, Sham, a= 5; myocardial infarction, = 6; myocardial infarction

+rm-11, #=8 biologically independent samples. d, e, Echocardiography showa decrease

in ejection fraction (d} and increase in end-systolic volume (ESV) (e) after myocardial

infarction and rmifl-11 treatment (sham, o= 3; myocardial infarction, myocardial mfarction

+ymll-11, @= 5 biologically independent samples). b-e, two-tailed, Holm-Sidak-corrected

Student’s test; Data are mean + s.d. f, Representative histological images (chosen from

control, a= 3; rmll-11 injection, 2 = 4 biologically independent samples) of tissues from a

Collai-GFP-reporter mouse after rmIL-11 injection (100 ug kg”! perday, three weeks). g,
Serum urea and creatinine levels after rmIL-11 injection (control urea, 2 = 8; control

creatinine, 2= 7; rmll-11, 2= 12 biologically mdependent samples). h, Reducedejection

fraction (echocardiography) in rmll-11-treated mice. i, Hydroxyproline assay (HPA)

Nature. Author manuscript; available in PMC 2018 February09,

Ex. 2001 - Page1656



Ex. 2001 - Page1657

JILOSNUBIALHOUTVIUOSMLUBIALOu
JOSMUBIARJOLLY
id

JOSTIURYYJOLIET
id

Schafer et al, Page 39

quantifies cardiac and renal collagen content after rmIL-11 treatment. h, i, Control, n= 8;

rmll-1}, a= 1} biologically independent samples. j. Representative histological images of

Masson’s trichrome staining and ACTA? immunostaining in the epicardium [-1!-Tg mice.

k, HPA indicates cardiac and renal collagen content in [-11-Tg mice. j, k, Control, n= 12;

i-11-Tg, v= 4 biologically independent samples. i, k, Two-tailed Student's étest; box-and-

whisker plots show median (middle line), 245th--75th percentiles (box) and 10th--90th

percentiles (whiskers). 1, Reduction in ejection fraction (echocardiography) in H-11-Tg mice

(control, 2 = 6; Il-11-Tg, 2= 4 biologically independent samples). g, h, 1. Two-tailed

Student’s #test; data are mean + s.d.; *P< 0.05; ** P< 0.01; *** P< 0.001; ****# P< 0.0001.
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Figure 4, Inhibitien ef H-11 reduces cardiovascularfibrosis

a, Western blot of cardiac Tl-1] after Angll infusion (2 mg kg”! per dayfor 28 days). b, ¢,
Representative histological images (b; Masson's trichrome staining) and collagen content(¢)

in the atrium of J1/ Hal’(control, n= 12; Ang, n= 9 biologically independent samples)
and Hira?” (control, a= 5S; Angll, a= 7 biologically independent samples) mice. d,

Western blot of cardiac ERK activation after Ang! infusion. e, Western blot of cardiac [I-11

after transverse aortic constriction (TAC). f, g, Representative histological images (f}

Masson’s trichrome staining) and collagen content. g; HPA ofhearts from &/fraf*’*
(control, a= 4; TAC: a= 6 biologically independent samples) and f//raf(control, = 6;
TAC, 2 = 6 biologically independent samples) mice after TAC or sham operations. h,
Western blot of cardiac ERK activation after TAC. i, Western blot of renal Il-11 after folate

treatment (180 mg ke). j, k, Representative histological images (j; Masson’s trichrome
staining) andcollagen content (k; HPA assay) of kidneys from [f/Izal’’*(control, 2 = 5;
folate, 2 = 9 biologically independent samples) and /// raf(control, = 6; folate, n= 5
biologically independent samples} mice. e, g, k, Two-tailed, Sidak-corrected Student’s Ftest;
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data are mean + s.d. NS, not significant. 1, Western blot of renal ERK activation after folate
treatment,
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presentation of the references should not be construed as an indication of the importance ofthe

references.

The undersigned hereby makes the following additional information of record in the

above-identified application.

The undersigned would like to bring to the Examincr’s attention the following co-

pending application that may contain subject matter related to this application:

Serial No. FilingDateInventor(s) Docket No.
  *15/381,622 December 16, 2016 Cooketal. M0546.70012US00

*A copyof this reference is not provided as the Office has waived the requirement under 37 C.F.R. § 1.98(a)(2)(iii) for submitting a
copy of a cited U.S. patent application if it is scanned to the Image Kile Wrapper system andis available on Private PAIR.

The undersigned would like to bring to the Examiner’s attention the enclosed search

report or other communication from a corresponding or related International or Foreign National

Application:

  
Date of Mailing|Type(s) of Communication

International Preliminary
PCT/EP2016/081430|11-06-2017 Report on Patentability PCT/EP2016/081430|04-18-2017 International Search Report

and Written Opinion

PART II: Remarks

Documents cited anywhere in the Information Disclosure Statement are enclosed unless

otherwise indicated. It is respectfully requested that:

1. The Examiner consider completely the cited information, along with any other

information, in reaching a determination concerning the patentability of the present claims;

2. The enclosed form PTO-1449 (modified PTO/SB/08) be signed by the Examiner to

evidencethat the cited information has been fully considered by the United States Patent and

Trademark Office during the examination of this application;

3. The citations for the information be printed on any patent which issues from this

application.

6349212.1
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Application No.: 15/988,463 -3- Art Unit: 1629
Conf. No.: 7597

By submitting this Information Disclosure Statement, the undersigned makes no

representation that a search has been performed,of the extent of any search performed,orthat

more relevant information does notexist.

By submitting this Information Disclosure Statement, the undersigned makes no

representation that the information cited in the Statement is, or is considered to be, material to

patentability as defined in 37 C.F.R. § 1.56(b).

By submitting this Information Disclosure Statement, the undersigned makes no

representation that the information cited in the Statementis, or is considered to be, in fact, prior

art as defined by 35 U.S.C. § 102.

Notwithstanding any statements by the undersigned, the Examineris urged to form his or

her own conclusion regarding the relevance of the cited information.

An early and favorable action is hereby requested.

The Director is hereby authorized to charge any deficiency or credit any overpaymentin

the fees occasioned bythe filing of this Information Disclosure Statement to our Deposit

Account No. 23/2825 under Docket No. M0546.70012US01 from which the undersigned is

authorized to draw.

Respectfully submitted,

By:  /Amy J. McMahon/
Amy J. McMahon,PhD, Reg. No. 73,073
Wolf, Greenfield & Sacks, P.C.
600 Atlantic Avenue

Boston, Massachusetts 02210-2206

Telephone: (617) 646-8000
Docket No.: M0546.70012US01

Date: June 5, 2018
xNDDx

6349212.1
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Sequence Listing was accepted.

See attached Validation Report.
   f you need help call the Patent Electronic Business Center at (866)

217-9197 (toll free).

Reviewer: Wheat Jr, Scott (ASRC)

Timestamp: [year=2018; month=5; day=30; hr=11; min=47; sec=7; ms=17; |]
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Validated By CRFValidator v 1.0.5

Application No:

        

15988463 Version No: 1.0

Input Set:

Output Set:

Started: 2018-05-24 15:10:39.568

Finished: 2018-05-24 15:10:41.440

Elapsed: O hr(s) 0 min(s) 1 sec(s) 872 ms

Total Warnings: 75

Total Errors: 1

No. of SeqIDs Defined: V7

Actual SeqID Count: 77

Error code Error Description

E 287 Invalid WIPO ST.2 date format; Use (YYYY-MM-DD) in <141>

W 447 n or Xaa used, for: SEQID(11) on line number 259

W 447 n or Xaa used, for: SEQID(11) on line number 259

W 447 n or Xaa used, for: SEQID(12) on line number 274

W 447 n or Xaa used, for: SEQID(12) on line number 274

W 447 n or Xaa used, for: SEQID(13) on line number 289

W 447 n or Xaa used, for: SEQID(13) on line number 289

W 447 n or Xaa used, for: SEQID(14) on line number 304

W 447 n or Xaa used, for: SEQID(14) on line number 304

W 447 n or Xaa used, for: SEQID(15) on line number 319

W 447 n or Xaa used, for: SEQID(15) on line number 319

W 447 n or Xaa used, for: SEQID(16) on line number 334

W 447 n or Xaa used, for: SEQID(16) on line number 334

W 447 n or Xaa used, for: SEQID(17) on line number 349

W 447 n or Xaa used, for: SEQID(17) on line number 349

W 447 n or Xaa used, for: SEQID(18) on line number 364

W 447 n or Xaa used, for: SEQID(18) on line number 364

W 447 n or Xaa used, for: SEQID(19) on line number 379

W 447 n or Xaa used, for: SEQID(20) on line number 394

W 447 n or Xaa used, for: SEQID(21) on line number 409
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Input Set:

Output Set:

Started:

Finished:

Elapsed:

Total Warnings:

Total Errors:

No. of SeqIDs Defined:

Actual SeqID Count:

Error code Error Description

WwW 447 n or Xaa used,

2018-05-24 15:10:39.568

2018-05-24 15:10:41.440

Q hr(s) O min(s) 1 sec(s) 872 ms

75

1

77

77

 for: SEQID (22) on line number 424

This error has occured more than 20 times, will not be displayed
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SEQUENCE LISTING

 

 
<110> Singapore Health Services Pte Ltd

National University of Singapore

<120> Treatment of Fibrosis

<130> M0546.70012US01

<140> US 15/988, 453
<141> 2018-05-24

<150> 15/381622
<151> 2016-12-16

<150> GB1522186.4

<151> 2015-12-16

<160> 77

<170> PatentIn version 3.5

210> 21

1> 2381

<212> DNA

<400> 1

actgecgeqg

accctcgggg

ectgecctgg

gtegtgcetga

egagtttcce

etggceggaca

cacaacctgqg

eteceaggtg

tggctgcegee

caggecegac

ececagecac

ggcatcaggg

aggggactgc

tccaaageca

teecececgec

Homo sapiens

ecetgetget

eteccecegge

ggaaccectg

gectgtggece

cagacecctcg

egeggcaget

attcectgec

tgetgacaag

gggcaggtgg

tggaccggcet

ececeggacec

eegeecacge

tgctgctgaa

gatcttattt

attatctecce

cagggcacat

ag¢eggacagg

gcecctgtggg

agatacagct

ggecgagctg

ggcetgcacag

caccctgqgec

getgegageg

etcttcectg

getgegcecgg

geeggegece

catcectgggg

gactcggctg

atttatttat

ectagttaga

gectecectca

gaagggttaa

gacatgaact

gtegecectg

gacageaceg

ctgagggaca

atgagtgcgg

gacctactgt

aagaccctgg

ctgcagctcc

cegetggega

gggctgcacc

tgacccgggg

ttcagtactg

gacagtecctt

cecaggecge

aggeececgg

gtgtttgccg

ggecaccacec

tgetectgac

aattecccage

gggeact ggg

ectacctgeg

agecegagcet

tgatgtcccg

ececetecta

tgacacttga

cccaaagcca

ggggcgaaac

cegtgaggec

ggececagetg

ctccctgecc

ectggtcctg

tggeececct

ecegetctctc

tgacggggac

agctctacag

geacgtgcag

gggcaccctg

ectggcecctg

agectgqgggg

ctgggcecgtg

ccaccgtcct

agccaggtga

tggggggceat

180

240

300

420

480

540

600

900
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etgtgectta

ggtceccgag

cagacttctg

aagcaattac

acaaaaatgt

ecacttgagg

aggtggaggg

gatgggtcgg

gcactgcata

ggagtgcagt

teetgectca

tatttatttc

tcegaactcct

gtgtgageca

agtcaccctg

tatggctgtg

gcaacatggt

cagggaggcet

gcatggtggce

aagtccaaga

gaatgatgtec

ttgtgttttt

tgttgacaat

gtgtatgatt

ttttaaaaat

<Z10> 2
<211> 19

<212> DNA

<213> Homo

tttatactta

gaggagggga

ecetggetct

tttteatgtt

gagaaacctt

gcgatttgtc

gagacctcca

teacecagac

gggcecttttg

gaggcaatct

gectecegat

ttttgtattt

gacctcaggt

ecacacctga

tgatcaacag

ttcaccatag

gcatctgtgg

aaggagagag

teacgectgt

gttcgagacc

ct gacatgaa

etttctatat

gactgtctce

gtctgtattt

aataaacact

sapiens

tttatttcag

etggggtcce

tececcatcta

ggggtgggga

tgtgagacag

tgagagctgg

ttcaggtgga

agetctgtgqg

tttgtttttt

gaggtcactg

tagetgggat

ttagtagaga

gatcctcctg

eccataggtc

taccegtatg

caaactggaa

atagaacgcec

gcettgcttgqg

aatcctggca

ggectgcgag

acagceagget

atggattaaa

aggtcaaagg

tacagaattt

atttttagaa

gageaggggt

ggattcttgg

ggectgggca

eggaggggaa

agaacaggga

ggctggatge

ggtcecgagt

aggcagggtc¢

gagatggagt

caacctccac

cacaggtgtg

cagggtttca

ectcggcectc

ttcaataaat

ggacaaaget

acaatctaga

acccagccge

gatatagaaa

ctttgggagg

acatggcaaa

acadaaccac

acaaaaatce

agagaggtgg

ctgccatgac

taacagaaaa

gggaggcagg

gtctccaaga

ggaacatata

agggaagect

attaaatgtg

ttgggtaact

gggcggggea

tgagecttge

etegetctgt

etecegggtt

caccaccatg

ecatgttggc

ccaaagtgcet

atttaatgga

gcaaggtcaa

tatccaacag

ecggagcagg

gatatcctga

acgaagegag

accctgtctc

tgcatgetgt

taaagggaaa

gattgtgggt

tgtgtatttt

tggactcctg

agtctgtcca

ttatttattt

gggtttttgt

teatacatat

gIGIJcaggge

gcegactggga

cetggggeecc

tgectagget

caagcaattc

eecagetaat

caggctggtt

gggattacag

aggttccaca

gatggttcat

tgagggttaa

gactgtcatt

cattggcecag

tggatcactg

aaaaaagaaa

gatcccaatt

tacgecaaaa

gacttttaat

gcatgacaca

L260

L320

1380

1440

1500

1560

L740

Lso0o

L360

1920

 
L980

2040

2100

2160

2340

2381
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<400> 2

ecttccaaag

<210> 3
<Z211> 19

<212> DNA

<213> Homo

<400> 3

gectgggcag

<210> 4

<211> #19

<212> DNA

<213>

<400> 4

ectgqgqgcagg

210> 5

1> 19

<212> DNA

<Z213>

<400> 5

ggtteattat

<210> 6

<Z11>
<212>

<213>

DNA

<400> 5

gctgtagcetg

gat gagcage

gtectgecetce

agggaggtcec

tegggatggg

ect ggceccag

acttggggge

ecaagcagcec

acccacccge

gaggagtcca

1696

Homo

ecagatctt

sapiens

gaacatata

Homo sapiens

aacatatat

Homo sapiens

ggetgtgtt

sapiens

gtgagaggaa

agctgctcag

teceectgec

gtgaagetgt

gagecaaage

gcagacagca

acagtgaccc

gactatgaga

tacctcacect

tecacaggge

gtecctagagg

ggctgagcag

eccecaggectg

gttgtcctgg

tgeteccaggg

ctgatgaggg

tgeagetagg

acttctcttg

ectacaggaa

ectggcecatg

ctatggacac

ggtcctggtg

gggeccccca

agtgactgcc

acctgactct

cacctacatc

etacectcca

cacttggagt

gaagacagtc

cecacaggat

tetgetgcetg

gcecgtggcta

ggggtccagt

ggggacecag

gggctaggge

tgecagacea

geceegeactg

cecagecaga

ctaggagctg

ecectagggg

ggatcaccga

cagecctggt

at gggcagcec

tgtectggtt

atgaactggt

tggatggtge

ttgtetectg

teageggttt

atagccagag

ctgeecgetg

19

19

19

19

60

120

180

360

420

480
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tgttgtecac

actgggtgcc

aceccaggge

gacataccct

cegtecggeg

cacagatgct

tgctggcacc

accaaaggag

ggacagecct

ggactctgtg

ggtggct ggg

atccecaaag

aaacctgtag

tgtggataga

gtttggagea

ectctgattt

gtgteccatgt

gtatgtaggt

tgeaggtgtg

<210> 7

<211> 19

<212>

<213>

DNA

<400> 7

ggaccatacc

<210> 8

<211> 19

<212> DNA

<213>

<400> 8

gegtctttgg

Homo

ggggetgagt

agcacacgec

et gegggtag

gcectcctgge

cagcatccag

gtggetggge

tggagcacct

ataccagceat

gctcctccaa

gagcaggtag

geectggeac

ectgggttct

aggacccagg

aaccaggcag

eatttctgtg

caccecagag

gtgaccatgt

gectgggagt

aataaa

sapiens

aaaggagat

Homo sapiens

gaatecttt

tetggageca

tgetggatgt

agtcagtacc

egtgecagcee

ectggtccac

tgececatge

ggagecegga

ggggecaget

ggecectccct

etgtgctggec

tggggcetctg

tggectcagt

agggettcgg

gacagtagat

agacectgta

ttggagttct

gtctgtgaag

gtgtgtggtc

gtaceggatt

gagcttgcag

aggttaccce

ecacttcctg

ggtgqgageca

tgtacgagtc

ggectgggga

acacacgcag

eccaaccacac

gtctttggga

gcetgaggctg

gattccagtg

cagattccac

ecctatggtt

tttcaaattt

gctcaaggaa

gecagggaac

cettgetctgg

aatgtgactg

agcatcttge

egacgcectgc

etcaagttcc

getggactgg

agtgeceggg

actccgagca

ecagaggtgg

ectcggctac

atectttctt

agacggggtg

gacaggegtc

ctataattct

ggatctcage

geagetgaaa

egtgtgtaat

atgtattcct

ecetttecet

aggtgaacec

gecectgaccc

gagcecagcetg

gtttgcagta

aggaggtgat

actttctaga

ctgggaccat

agectcaggt

ttgatcacag

tectgggact

ggaaggat gg

caggagctcc

gtcttgetgg

tggaagttct

ggtgettgta

gtgtacatct

ctgceatgcat

tgceagggttg

900

960

1020

L080

1140

L200

1380

1440

L500

L560

L620

L680

 
L696

19

19
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<210> 9

<211> 18

<212> DNA

<213> Homo sapiens

<400> 9

gcaggacagt agateccct

<210> 10

<211> 19

<212> DNA

<213> Homo sapiens

<400> 10

gctcaaggaa cgotgtgtaa

<210> 11

<211> 21

<212> RNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (20)... (21)

<223> n = deoxythymidine

<400> 11

ecuuccaaag ccagaucuun n

<210> 12

<211> 21

<212> RNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (20)... (21)

<223> n = deoxythymidine

<400> 12

gecugggcag gaacauauan n

<210> 13

<211> 21

<212> RNA

<213> Homo sapiens

<220>

<221> miscfeature

<222> (20)... (21)

18

19
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<223> n = deoxythymidine

<400> 13

ecugggceagg aacauauaun n

<210> 14

<211> 21

<212> RNA

<213> Homo sapiens

<220>

<221> misc_feature
<222> (20)... (21)

<223> on = deoxythymidine

<400> 14

gguucauuau ggcuguguun n

<210> 15

<211> 21

<212> RNA

<213> Homo sapiens

<220>

<221> miscfeature

<222> (20)... (21)

<223> n = deoxythymidine

<400> 15

ggaccauacc aaaggagaun n

O> 16

1> 21

<212> RNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (20).. (21)

<223> n = deoxythymidine

<400> 16

gegucuuugg gaauccuuun n

<210> 17

<Z11> 21
<212> RNA

<213> Homo sapiens

21

21

21
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<220>

<221> misc_feature

<222> (20)... (21)

<223> n = deoxythymidine

<400> 17

gcaggacagu agaucccuan n 21

<210> 18

<211> 21

<212> RNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (20).. (21)

<223> n = deoxythymidine

<400> 18

gcucaaggaa cgquguguaan n 21

<210> 19

<211> 51
<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26).. (26)
<223> n= GoraA

<400> 19

gtaagggatg tgaatcgggt actgangaaa gagectggat gcagagecag c 51

<210> 20

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26)... (26)
<223> n= C or T

<400> 20

ttgataactt cagcatctgg atcacngtgg gattagceate tgtttgtatt t S51

<210> 21

<211> 51

<212> DNA
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<213> Homo sapiens

<220>

<221> misc_feature

<222> (26) .. (26)
<223> n= C or T

<400> 21

gtgtgattge ttaaaaaaaa ctactnacat tgttttgaat cacacctcac a 51

<210> 22

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26) .. (26)
<223> n= Torc

<400> 22

gctcagctaa tcaatgacca gtctecnttaa ttcttctaat gectatatgg t S51

<210> 23

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26) .. (26)
<223> n= AorG

<400> 23

gcagtgctca gaagagcage agecantgac attttgggge tataagaggt a 51

<210> 24

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> miscfeature

<222> (26) .. (26)
<223> n= C or T

<400> 24

tgtccagtaa atacttaaca ttttangtge aatgtatgtc ataaatatgg g 51
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<210> 25

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> miscfeature

<222> (26)... (26)
<223> n= Gora

<400> 25

gggtgaagtt tggaaacagg tatacnttgt gatgcaatcg tcagaaccaa g 51

210> 26

1> 51

<212> DNA

<213> Homo sapiens

<220>

<221> miscfeature

<222> (26) .. (26)
<223> n= C or T

<400> 26

aaaccatagt atcatccttc ccaaanagtec aacccaggga atcacagaga t 51

<210> 27

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26) .. (26)
<223> n= C or T

<400> 27

taagacgeta ttetetaatt ctgaanggaa gaactecctect cccaagacat g 51

<210> 28

<Z11> S51

<212> DNA

<213> Homo sapiens

<221> misc_feature

<222> (26) .. (26)
<223> n= C or T

<400> 28
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aggtggaaca acacaaaggg tggggngagg cgtgqeaattt aaacatttte t 51

<210> 29

<Z11> S51
<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26).. (26)
<223> n= C or A

<400> 29

tattagattt tgtgtgggat ttcatngtta catttgttac cagceccaatt t 51

<210> 30

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26) .. (26)
<223> n= Aor G

<400> 30

gattecagtt ccaagtcaca tcatecnccag ctggaagacc tagggcaaaa g 51

<210> 31

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26)... (26)
<223> n= Gora

<400> 31

accatgacgg tgtecctcatt gctttnacca ttagtaatca ttcattcatt c S51

<210> 32

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> miscfeature

<222> (26) .. (26)
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<223> n= Aor G

<400> 32

acctgtcaca ttttgtcage teccanccac cccctaccac tgtccttata a S51

<210> 33

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature
<222> (26)... (26)
<223> n= Aor G

<400> 33

gacacgatgt cttcagtctce cagctnagct tggactgtga ggatgggtca g 51

<210> 34

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> miscfeature

<222> (26) .. (26)
<223> n= C or T

<400> 34

cetctcaagtt tgeccagggg atacgnggga agtgecectg gggggccgac c 51

10> 35

> 521
C2 > DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26) .. (26)
<223> n= GortT

<400> 35

etggtctett cecagetctgg tggetnecag tatttcttgg gttgtggect c 51

<210> 36

<Z11> S51
<212> DNA

<213> Homo sapiens
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<220>

<221> misc_feature

<222> (26) .. (26)
<223> n= T orc

<400> 36

aacaaggtga cagaccaggg agtaangect ctcagtgatg ccttgagagt c 51

<210> 37

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26) .. (26)
<223> n= Gora

<400> 37

eggecaggeag taggatggac tgegtngacg gceggecagea tgtaaatgaa a 51

<210> 38

<Z11> S51
<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26).. (26)
<223> n= Torec

<400> 38

aagtaaggtg tcaaggagge catgencact ctgtaggttc taggaaagaa t 51

<210> 39

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26)... (26)
<223> n= T orc

<400> 39

atgcctgaaa gaaacaagag caaatngtct caggaggtag gtaataggat g S51

<210> 40

<211> 51

<212> DNA
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<213> Homo sapiens

<220>

<221> misc_feature

<222> (26) .. (26)
<223> n= A orG

<400> 40

agcatattca ttgatttcct tacatncaaa tgctecctttt taagtgetca a 51

<210> 41

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26) .. (26)
<223> n= Aor G

<400> 41

teagtacgta ttectgceate agtgentcct geggttectc caacagtcag c S51

<210> 42

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26) .. (26)
<223> n= C or T

<400> 42

agtggaggce ctggaacccg ggacgntgta caatttcacc gtgtgggcag a 51

<210> 43

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> miscfeature

<222> (26) .. (26)
<223> n= Aor G

<400> 43

tgecatataa tctcagggtg caacgnataa acaaggggtg atgccgaaga a 51
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<210> 44

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> miscfeature

<222> (26) .. (26)
<223> n=GoraA

<400> 44

etctgtcecce teaacttctt tetacntggt catgtcectt ctttagttce t 51

210> 45

1> 51

<212> DNA

<213> Homo sapiens

<220>

<221> miscfeature

<222> (26) .. (26)
<223> n=Ao0rc

<400> 45

gcaacaaaaa tettatacat caccanatgt ctgcttageg gceagaattge c 51

<210> 46

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26) .. (26)
<223> n= Aor G

<400> 46

gctaggtaaa ggactctgaa aatacngcaa catggaaaac atccagtctc a 51

<210> 47

<Z11> S51

<212> DNA

<213> Homo sapiens

<221> misc_feature

<222> (26) .. (26)
<223> n= Torec

<400> 47
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teeatttgea cagtgceagea tageengeat tgecaaggtg gtcttcecaa a 51

<210> 48

<Z11> S51
<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26).. (26)
<223> n= C or T

<400> 48

egtttaacaa agaagacact gagatngagg gectggaagt gectttcatt g 51

<210> 49

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26) .. (26)
<223> n= C or T

<400> 49

ttctacgact ttttcactge ctacangagt cccaggagga agacttcaca a 51

<210> 50

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26)... (26)
<223> n= GortT

<400> 50

gccaaatgtg tttgaaaatt ccattngaag aatttatggt gaatgceattt t S51

<210> 51

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> miscfeature

<222> (26)... (26)
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<223> n= Aor G

<400> 51

gaagattgtt caagaaaagg cagagngcat gatgacaaca caaaatgaag a S51

<210> 52

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature
<222> (26)... (26)
<223> n= Aor G

<400> 52

ectgggacta tcecectggce gggccncaca catgtgcecct gtgaccaggg a 51

<210> 53

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> miscfeature

<222> (26) .. (26)
<223> n= C or T

<400> 53

gctggctgtg aggagtccge gagaantcce ttgcettgtce atgaatttat c 51

10> 54

> 521
C2 > DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26) .. (26)
<223> n= GortT

<400> 54

aaggtgaaga gtgqggaaaag gcagangate aggaaaaata actaatgggt a 51

<210> 55

<Z11> S51
<212> DNA

<213> Homo sapiens
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<220>

<221> misc_feature

<222> (26)... (26)
<223> n= A orc

<400> 55

ggcttaataa aaggaattag agagenctce ctcctctcca acatcttttt c 51

<210> 56

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26) .. (26)
<223> n= Gora

<400> 56

tggtetgtge teteettgea cactentctg tggacatcac aggagggaac a 51

<210> 57

<Z11> S51
<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26).. (26)
<223> n= C or T

<400> 57

gtgcgtatat gtgttacaag tggctngtgt tgaccgectg cctgtgqgaaa g 51

<210> 58

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26)... (26)
<223> n=Aorc

<400> 58

gectegggtg ctgaccgggg gtgcenttge tgggettage aggeeggget t S51

<210> 59

<211> 51

<212> DNA
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<213> Homo sapiens

<221> misc_feature

<222> (26) .. (26)
<223> n= Aor G

<400> 59

tgatgtgeca catcctgtat aggaancagg tgatgtggaa atga
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ABSTRACT

Aspects of the disclosure relate to the treatment, prevention or alleviation of conditions such

as fibrosis in a subject. In some embodiments, the treatment, prevention or alleviation of

fibrosis in a subject through the administration of an agent capable of inhibiting the action of

Interleukin 11 (IL-11) is disclosed.
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CLAIMS

Weclaim:

1. A method of treating fibrosis in a human subject, the method comprising administering

to a human subject in need of treatment a therapeutically effective amount of an anti-

interleukin 11 (IL-11) antibody, wherein the anti-IL-11 antibody binds to IL-11 and inhibits IL-

11 mediated signalling.

2. The method of claim 1, wherein the fibrosis is fibrosis of the heart, lung, liver, kidney,

eye, or skin.

3. The method of claim 1, wherein the fibrosis is in the heart and is associated with

dysfunction of the musculature or electrical properties of the heart, or thickening of the walls

or valves of the heart.

4. The method of claim 1, wherein the fibrosis is in the liver and is associated with

chronic liver disease or liver cirrhosis.

5. The method of claim 1, wherein the fibrosis is in the kidney and is associated with

chronic kidney disease.

6. The method of claim 1, wherein the fibrosis is in the eye andis retinal fibrosis or

conjunctivalfibrosis.

7. The method of claim 1, wherein the subject in need of treatment has a disease or

disorder selected from atrial fibrillation, ventricularfibrillation, hypertrophic cardiomyopathy

(HCM), dilated cardiomyopathy (DCM), pulmonaryfibrosis, cystic fibrosis, non-alcoholic

steatohepatitis (NASH), cirrhosis, chronic kidney disease, systemic sclerosis, retinal fibrosis,

conjunctival fibrosis, post-surgical fibrosis, scleroderma, keloid, or Chron’s disease.

8. The method of claim 1, wherein the antibody is an anti-IL-11 neutralising antibody.

9. The method of claim 1, wherein the method comprises administering said anti-IL-11

antibody to a human subject in which IL-11 or Interleukin 11 receptor (IL-11R) expression is

upregulated.

5154516.1
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10. The method of claim 1, wherein the method comprises determining, optionally in vitro,

whether IL-11 or Interleukin 11 receptor (IL-11R) expression is upregulated in the human

subject and administering said anti-IL-11 antibody to a human subject in which IL-11 or IL-11R

expression is upregulated.

11. A methodof treating fibrosis in a subject, the method comprising:

(i) determining, optionally in vitro, whether IL-11 or an Interleukin 11 receptor (IL-11R)

expression is upregulated in the subject; and

(ii) administering to a subject in which IL-11 or IL-11R expression is upregulated a

therapeutically effective amount of an anti-IL-11 antibody, wherein the anti-IL-11 antibody

binds to IL-11 and inhibits IL-11 mediated signalling.

12. The method of claim 11, wherein the fibrosis is fibrosis of the heart, lung, liver, kidney,

eye or skin.

13. The method of claim 11, wherein the fibrosis is in the heart and is associated with

dysfunction of the musculature or electrical properties of the heart, or thickening of the walls

or valves of the heart.

14. The method of claim 11, wherein the fibrosis is in the liver and is associated with

chronic liver diseaseor liver cirrhosis.

15. The method of claim 11, wherein the fibrosis is in the kidney and is associated with

chronic kidney disease.

16. The method of claim 11, wherein the fibrosis is in the eye andis retinal fibrosis or

conjunctivalfibrosis.

17. The method of claim 11, wherein the subject in need of treatment has a disease or

disorder selected from atrial fibrillation, ventricularfibrillation, hyoertrophic cardiomyopathy

(HCM), dilated cardiomyopathy (DCM), pulmonaryfibrosis, cystic fibrosis, non-alcoholic

steatohepatitis (NASH), cirrhosis, chronic kidney disease, systemic sclerosis, retinal fibrosis,

conjunctival fibrosis, post-surgical fibrosis, scleroderma, keloid, or Chron’s disease.

18. The method of claim 11, wherein the antibody is an anti-IL-11 neutralising antibody.

19. A methodof treating fibrosis in a subject, the method comprising:

5154516.1
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(i) determining, optionally in vitro, one or more genetic factors in the subject that are

predictive of upregulation of Interleukin 11 (IL-11) or Interleukin 11 receptor (IL-11R)

expression or activity;

(ii) selecting a subject for treatment based on the determination in (i); and

(ii) administering to the selected subject a therapeutically effective amountof an anti-

IL-11 antibody, wherein the anti-IL-11 antibody binds to IL-11 andinhibits IL-11 mediated

signalling.

20. The method of claim 19, wherein the fibrosis is fibrosis of the heart, lung, liver, kidney,

eye,or skin.

5154516.1
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TREATMENTOF FIBROSIS

RELATED APPLICATIONS

The present application claims priority under 35 USC § 119(a)-(d) to United Kingdom

Application No. 1522186.4, filed December 16, 2015. The entire contents of this application is

hereby incorporated by reference herein.

FIELD OF THE INVENTION

The presentinvention relates to the diagnosis and treatment of conditions such asfibrosis.

BACKGROUND TO THE INVENTION

Fibrosis is an essential process that is a critical part of wound healing. Excessivefibrosis is

commonin many rare and common disease conditions and is important in disease

pathogenesis. Diseases characterized by excessive fibrosis include but are not restricted to:

systemic sclerosis, scleroderma, hypertrophic cardiomyopathy, dilated cardiomyopathy

(DCM), atrialfibrillation, ventricularfibrillation, myocarditis, liver cirrhosis, kidney diseases,

diseases of the eye, asthma,cystic fibrosis, arthritis and idiopathic pulmonaryfibrosis. Despite

the large impact on human health, therapeutic and diagnostic approachesto fibrosis arestill

an unmet medical need.

The real physiological role of Interleukin 11 (IL-11) remains unclear. IL-11 has been most

strongly linked with activation of haematopoetic cells and with platelet production but also

found to be pro- as well as anti-inflammatory, pro-angiogenic and important for neoplasia.It is

known that TGF£@1 ortissue injury can induce IL-11 expression (Zhu, M. et al. IL-11

Attenuates Liver Ischemia/Reperfusion Injury (IRI) through STAT3 Signaling Pathway in Mice.

PLOS ONE 10, (2015); Yashiro, R. et al. Transforming growth factor-beta stimulates

interleukin-11 production by human periodontal ligament and gingival fibroblasts. J. Clin.

Periodontol. 33, 165-71 (2006); Obana, M.et al. Therapeutic activation of signal transducer

and activator of transcription 3 by interleukin-11 ameliorates cardiacfibrosis after myocardial

infarction. Circulation 121, 684-91 (2010); Tang, W., Yang, L., Yang, Y. C., Leng, S. X. &

Elias, J. A. Transforming growth factor-beta stimulates interleukin-11 transcription via complex

activating protein-1-dependent pathways. J. Biol. Chem. 273, 5506-13 (1998)).

The role for IL-11 in fibrosis is not clear from the published literature. IL-11 is thought to be

importantfor fibrosis and inflammation in the lung (Tang, W. et al. Targeted expression of IL-

11 in the murine airway causes lymphocytic inflammation, bronchial remodeling, and airways

5154516.1
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obstruction. J. Clin. Invest. 98, 2845—53 (1996)) and its expression level is correlated with

collagenlevels in the skin (Toda, M. et al. Polarized in vivo expression of IL-11 and IL-17

between acute and chronic skin lesions. Journal of Allergy and Clinical Immunology 111, 875—

881 (2003)) and the respiratory system (Molet, S., Hamid, Q. & Hamilos, D. IL-11 and IL-17

expression in nasal polyps: Relationship to collagen deposition and suppression by intranasal

fluticasone propionate. The Laryngoscope 113, (2003); Minshall et al. IL-11 expression is

increased in severe asthma: association with epithelial cells and eosinophils. The Journal of

allergy and Clinical immunology 105, (2000)).

However, the majority of studies suggest that IL-11 is anti-fibrotic: in the heart (Obana, M.et

al. Therapeutic activation of signal transducer and activator of transcription 3 by interleukin-1 1

ameliorates cardiac fibrosis after myocardial infarction. Circulation 121, 684—91 (2010);

Obana,M.et al. Therapeutic administration of IL-11 exhibits the postconditioning effects

against ischemia-reperfusion injury via STAT3 in the heart. American Journal of Physiology.

Heart and circulatory physiology 303, H569—77 (2012)) and kidney (Stangou, M.et al. Effect

of IL-11 on glomerular expression of TGF-beta and extracellular matrix in nephrotoxic

nephritis in Wistar Kyoto rats. Journal of nephrology 24, 106-11 (2011); Ham, A.et al. Critical

role of interleukin-11 in isoflurane-mediated protection against ischemic acute kidney injury in

mice. Anesthesiology 119, 1389-401 (2013)) and anti-inflammatory in several tissues and

chronic inflammatory diseases (Trepicchio & Dorner. The therapeutic utility of Interleukin-11 in

the treatmentof inflammatory disease. (1998). doi:10.1517/13543784.7.9.1501). The

molecular mode of action of IL-11 in general, is thought to be regulation of RNA expression of

mRNAlevels via STAT3-mediated transcription (Zhu, M.et al. IL-11 Attenuates Liver

Ischemia/Reperfusion Injury (IRI) through STATS Signaling Pathway in Mice. PLOS ONE10,

(2015)).

SUMMARYOFTHE INVENTION

One aspect of the present invention concernsthe treatment, prevention or alleviation of

fibrosis in a subject in need of treatment through the administration of an agent capable of

inhibiting the action of Interleukin 11 (IL-11). The inventors haveidentified IL-11 to have a

pro-fibrotic action. The present invention is particularly concerned with inhibiting the pro-

fibrotic action of IL-11. Embodiments of the invention concern inhibition or prevention of the

IL-11 mediated pro-fibrotic signal, e.g. as mediated by binding of IL-11 to an IL-11 receptor.

In some embodiments an agent capable of inhibiting the action of IL-11 may prevent or

reducethe binding of IL-11 to an IL-11 receptor.

5154516.1
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In some embodiments an agent capable of inhibiting the action of IL-11 may bind IL-11 to

form a complex comprising the agent and IL-11. The complex may be a non-covalentor

covalent complex. In some embodiments, the formation of the agent:IL-11 complex may

prevent or reduce the ability of IL-11 to bind to an IL-11 receptor. In some embodiments such

prevention or reduction may be the result of a reduction of the productive binding of IL-11 to

an IL-11 receptor, i.e. reduction in the ability of IL-11 to initiate IL-11 receptor mediated

signalling. In some embodiments formation of the agent:IL-11 complex may sequester IL-11

awayfrom the IL-11 receptor, thereby preventing or reducing the contact of IL-11 with an IL-

11 receptor and/or preventing or reducing the amount of IL-11 available for binding to an IL-11

receptor. In some embodiments the agent may be a decoy receptor.

In some embodiments an agent capable of inhibiting the action of IL-11 may bind to an IL-11

receptor. An agent that binds an IL-11 receptor may prevent or reducetheability of IL-11 to

bind to an IL-11 receptor (IL-11R).

Another aspect of the present invention concerns the treatment, prevention or alleviation of

fibrosis in a subject in need of treatment through the administration of an agent capable of

preventing or reducing the expression of IL-11 or an IL-11 receptor (IL-11R).

In one aspect of the present invention an agent capable of inhibiting the action of Interleukin

11 (IL-11) for use in a method oftreating or preventing fibrosis is provided.

In another aspectof the present invention the use of an agent capable of inhibiting the action

of IL-11 in the manufacture of a medicamentfor use in a method of treating or preventing

fibrosis is provided.

In another aspect of the present invention a methodof treating or preventing fibrosis is

provided, the method comprising administering to a subject in need of treatment a

therapeutically effective amount of an agent capable of inhibiting the action of IL-11.

In some embodiments the agent capable of inhibiting the action of IL-11 is an agent capable

of preventing or reducing the binding of IL-11 to an IL-11 receptor.

In some embodiments the agent capable of inhibiting the action of IL-11 is an IL-11 binding

agent. IL-11 binding agents may be selected from the group consisting of: an antibody,

polypeptide, peptide, oligonucleotide, aptamer or small molecule. In some embodiments the
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IL-11 binding agent is an antibody. In some embodiments the IL-11 binding agent is a decoy

receptor.

In some embodiments the agent capable of inhibiting the action of IL-11 is an IL-11 receptor

(IL-11R) binding agent. IL-11R binding agents may be selected from the group consisting of:

an antibody, polypeptide, peptide, oligonucleotide, aptamer or small molecule. In some

embodiments the IL-11R binding agent is an antibody.

In another aspectof the presentinvention an agent capable of preventing or reducing the

expression of IL-11 or IL-11R for use in a methodof treating or preventing fibrosis is provided.

In another aspect of the present invention the use of an agent capable of preventing or

reducing the expression of IL-11 or IL-11R in the manufacture of a medicamentfor use ina

method of treating or preventing fibrosis is provided.

In another aspect of the present invention a methodoftreating or preventing fibrosis is

provided, the method comprising administering to a subject in need of treatment a

therapeutically effective amount of an agent capable of preventing or reducing the expression

of IL-11 or IL-11R.

In some embodiments the agent capable of preventing or reducing the expression of IL-11 or

IL-11R is a small molecule or oligonucleotide.

In some embodimentsthefibrosis to be treated or preventedis fibrosis of the heart, liver or

kidney. In some embodiments thefibrosis to be treated or prevented is fibrosis of the eye. In

some embodimentsthefibrosis is in the heart and is associated with dysfunction of the

musculature or electrical properties of the heart, or thickening of the walls or valves of the

heart. In some embodimentsthefibrosis is in the liver and is associated with chronic liver

diseaseorliver cirrhosis. In some embodimentsthefibrosis is in the kidney and is associated

with chronic kidney disease.

In some embodiments the method of treating or preventing comprises administering a said

agent to a subject in which IL-11 or IL-11R expression is upregulated. In some embodiments

the methodof treating or preventing comprises administering a said agent to a subject in

which |IL-11 or IL-11R expression has been determined to be upregulated. In some

embodiments the method of treating or preventing comprises determining whether IL-11 or IL-
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11R expression is upregulated in the subject and administering a said agent to a subjectin

which IL-11 or IL-11R expression is upregulated.

In another aspect of the present invention a method of determining the suitability of a subject

for the treatment or prevention of fibrosis with an agent capable of inhibiting the action of IL-11

is provided, the method comprising determining, optionally in vitro, whether IL-11 or IL-11R

expression is upregulated in the subject.

In another aspect of the present invention a method of selecting a subject for the treatment or

prevention of fibrosis with an agent capable of inhibiting the action of IL-11 is provided, the

method comprising determining, optionally in vitro, whether IL-11 or IL-11R expression is

upregulated in the subject.

In another aspect of the present invention a method of diagnosing fibrosis or a risk of

developing fibrosis in a subject is provided, the method comprising determining, optionally in

vitro, the upregulation of IL-11 or IL-11R in a sample obtained from the subject.

In some embodiments the method is a method of confirming a diagnosis of fibrosis in a

subject suspected of having fibrosis.

In some embodiments the method further comprises selecting the subject for treatment with

an agent capable of inhibiting the action of IL-11 or with an agent capable of preventing or

reducing the expression of IL-11 or IL-11R.

In another aspectof the present invention a method of providing a prognosis for a subject

having, or suspected of having fibrosis, is provided, the method comprising determining,

optionally in vitro, whether IL-11 or IL-11R is upregulated in a sample obtained from the

subject and, based on the determination, providing a prognosis for treatment of the subject

with an agent capable of inhibiting the action of IL-11 or with an agent capable of preventing

or reducing the expression of IL-11 or IL-11R.

The method mayfurther comprise selecting a subject determined to have upregulated IL-11 or

IL-11R for treatment with an agent capableof inhibiting the action of IL-11 or with an agent

capable of preventing or reducing the expression of IL-11 or IL-11R.
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In another aspect of the present invention a method of diagnosing fibrosis or a risk of

developing fibrosis in a subject is provided, the method comprising determining, optionally in

vitro, one or more genetic factors in the subject that are predictive of upregulation of IL-11 or

IL-11R expression, or of upregulation of IL-11 or IL-11R activity.

In some embodiments the method is a method of confirming a diagnosis of fibrosis in a

subject suspected of having fibrosis.

In some embodiments the method further comprises selecting the subject for treatment with

an agent capable of inhibiting the action of IL-11 or with an agent capable of preventing or

reducing the expression of IL-11 or IL-11R.

In another aspect of the present invention a method of providing a prognosis for a subject

having, or suspected of having, fibrosis, is provided, the method comprising determining,

optionally in vitro, one or more genetic factors in the subject that are predictive of upregulation

of IL-11 or IL-11R expression, or of upregulation of IL-11 or IL-11R activity.

The following numbered paragraphs (paras) describe further aspects and embodiments of the

presentinvention:

1. An agent capable of inhibiting the action of Interleukin 11 (IL-11) for use in a method of

treating or preventing fibrosis.

2. Use of an agent capable ofinhibiting the action of Interleukin 11 (IL-11) in the

manufacture of a medicament for use in a method of treating ar preventing fibrosis.

3. A methodof treating or preventing fibrosis, the method comprising administering to a

subject in need of treatment a therapeutically effective amount of an agent capable of

inhibiting the action of Interleukin 11 (IL-11).

4. The agent for use in a methodof treating or preventing fibrosis according to para 1,

use according to para 2 or method according to para 3, wherein the agent is an agent capable

of preventing or reducing the binding of IL-11 to an IL-11 receptor.

5. The agent for use in a methodof treating or preventing fibrosis according to para 1 or

4, use according to para 2 or 4, or method according to para 3 or 4, wherein the agentis an

IL-11 binding agent.
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6. The agent for use in a method of treating or preventing fibrosis, use or method

according to para 5, wherein the IL-11 binding agent is selected from the group consisting of:

an antibody, polypeptide, peptide, oligonucleotide, aptamer or small molecule.

7. The agent for use in a method of treating or preventing fibrosis, use or method

according to para 5, wherein the IL-11 binding agent is an antibody.

8. The agent for use in a method of treating or preventing fibrosis, use or method

according to para 5, wherein the IL-11 binding agent is a decoy receptor.

9, The agent for use in a methodof treating or preventing fibrosis according to para 1 or

4, use according to para 2 or 4, or method according to para 3 or 4, wherein the agentis an

IL-11 receptor (IL-11R) binding agent.

10. The agent for use in a methodof treating or preventing fibrosis, use or method

according to para 9, wherein the IL-11R binding agent is selected from the group consisting

of: an antibody, polypeptide, peptide, oligonucleotide, aptamer or small molecule.

11. The agent for use in a method of treating or preventing fibrosis, use or method

according to para 9, wherein the IL-11R binding agent is an antibody.

12. An agent capable of preventing or reducing the expression of Interleukin 11 (IL-11) or

an Interleukin 11 receptor (IL-11R) for use in a method of treating or preventing fibrosis.

13. Use of an agent capable of preventing or reducing the expression of Interleukin 11 (IL-

11) or an Interleukin 11 receptor (IL-11R) in the manufacture of a medicament for use ina

method of treating or preventing fibrosis.

14. A methodof treating or preventing fibrosis, the method comprising administering to a

subject in need of treatment a therapeutically effective amount of an agent capable of

preventing or reducing the expression of Interleukin 11 (IL-11) or an Interleukin 11 receptor

(IL-11R).

15. The agentfor use in a method oftreating or preventing fibrosis according to para 12,

use according to para 13 or method according to para 14, wherein the agent is a small

molecule or oligonucleotide.
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16. The agent for use in a method of treating or preventing fibrosis, use or method

according to any one of the preceding paras, wherein the fibrosis is fibrosis of the heart, liver,

kidneyor eye.

17. The agent for use in a method of treating or preventing fibrosis, use or method

according to any one of the preceding paras, wherein the fibrosis is in the heart and is

associated with dysfunction of the musculature or electrical properties of the heart, or

thickening of the walls or valves of the heart.

18. The agent for use in a method of treating or preventing fibrosis, use or method

according to any one of the preceding paras, wherein the fibrosis is in the liver and is

associated with chronic liver diseaseor liver cirrhosis.

19. The agent for use in a method of treating or preventing fibrosis, use or method

according to any one of the preceding paras, wherein thefibrosis is in the kidney andis

associated with chronic kidney disease.

20. The agent for use in a method of treating or preventing fibrosis, use or method

according to any one of the preceding paras, wherein the fibrosis is in the eye andis retinal

fibrosis, epiretinal fibrosis, or subretinal fibresis.

21. The agent for use in a methodof treating or preventing fibrosis, use or method

according to any one of the preceding paras, wherein the methodoftreating or preventing

comprises administering said agent to a subject in which IL-11 or IL-11R expression is

upregulated.

22. The agent for use in a method of treating or preventing fibrosis, use or method

according to any one of the preceding paras, wherein the methodof treating or preventing

comprises administering said agent to a subject in which IL-11 or IL-11R expression has been

determined to be upregulated.

23. The agent for use in a method of treating or preventing fibrosis, use or method

according to any one of the preceding paras, wherein the methodof treating or preventing

comprises determining whether IL-11 or IL-11R expression is upregulated in the subject and

administering said agent to a subject in which IL-11 or IL-11R expression is upregulated.
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24. A method of determining the suitability of a subject for the treatment or prevention of

fibrosis with an agent capable of inhibiting the action of Interleukin 11 (IL-11), the method

comprising determining, optionally in vitro, whether IL-11 or an Interleukin 11 receptor (IL-

11R) expression is upregulated in the subject.

25. A method of selecting a subject for the treatment or prevention of fibrosis with an

agent capable of inhibiting the action of Interleukin 11 (IL-11), the method comprising

determining, optionally in vitro, whether IL-11 or an Interleukin 11 receptor (IL-11F)

expression is upregulated in the subject.

26. A method of diagnosing fibrosis or a risk of developing fibrosis in a subject, the method

comprising determining, optionally in vitro, the upregulation of Interleukin 11 (IL-11) or an

Interleukin 11 receptor (IL-11R) in a sample obtained from the subject.

27. The method of para 26, wherein the method is a method of confirming a diagnosis of

fibrosis in a subject suspected of having fibrosis.

28. The method of para 26 or 27, wherein the method further comprises selecting the

subject for treatment with an agent capable of inhibiting the action of IL-11 or with an agent

capable of preventing or reducing the expression of IL-11 or IL-11R.

29. A methodof providing a prognosis for a subject having, or suspected of having

fibrosis, the method comprising determining, optionally in vitro, whether Interleukin 11 (IL-11)

or an Interleukin 11 receptor (IL-11R) is upregulated in a sample obtained from the subject

and, based on the determination, providing a prognosis for treatment of the subject with an

agent capable of inhibiting the action of IL-11 or with an agent capable of preventing or

reducing the expression of IL-11 or IL-11R.

30. The method of para 29, wherein the method further comprises selecting a subject

determined to have upregulated IL-11 or IL-11R for treatment with an agent capable of

inhibiting the action of IL-11 or with an agent capable of preventing or reducing the expression

of IL-11 or IL-11R.

31. A methodof diagnosingfibrosis or a risk of developing fibrosis in a subject, the method

comprising determining, optionally in vitro, one or more genetic factors in the subject that are
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predictive of upregulation of Interleukin 11 (IL-11) or an Interleukin 11 receptor (IL-11R)

expression, or of upregulation of IL-11 or IL-11R activity.

32. The method of para 31, wherein the method is a method of confirming a diagnosis of

fibrosis in a subject suspected of having fibrosis.

33. The method of para 32 or 32, wherein the method further comprises selecting the

subject for treatment with an agent capable of inhibiting the action of IL-11 or with an agent

capable of preventing or reducing the expression of IL-11 or IL-11R.

34. A methodof providing a prognosis for a subject having, or suspected of having,

fibrosis, the method comprising determining, optionally in vitro, one or more genetic factors in

the subject that are predictive of upregulation of Interleukin 11 (IL-11) or an Interleukin 11

receptor (IL-11R) expression, or of upregulation of IL-11 or IL-11R activity.

BRIEF DESCRIPTION OF THE FIGURES

Embodiments and experimentsillustrating the principles of the invention will now be

discussed with reference to the accompanying figures in which:

Figures 1A, 1B, 1C and 1D. TGF1 stimulation upregulates IL-11 in fibroblasts. Primary

fibroblasts were derived from humanatrial tissue of 80 individuals and incubated for 24h with

and without TGFB1 (5ng/ml). (1A) Chart showing IL-11 was the most upregulated genein

TGF£1 stimulated fibroblasts compared to 11,433 expressed genes (FPKM 2 0.5). (1B) Chart

showing IL-11 expression significantly increased more than 8-fold on averageafterfibroblast

activation with TGFB1 (FDR = 9.1x10'°). (1C) Chart showing RT-gPCR confirmed IL-11 RNA

expression-based fold changes (TGFB1+ / TGFB1-; R*=0.94) and (1D) Chart showing ELISA

detected a significant increase in IL-11 protein secreted by stimulated fibroblasts.

Figures 2A, 2B, 2C and 2D. Humanatrial fibroblasts were incubated either with 5 ng/ml

TGFB1 or 5 ng/ml IL-11 for 24 hours. Charts show cell staining for (2A) a-SMA

(myofibroblasts), (2B) EdU (proliferation), (2C) collagen and (2D) periostin to identify

myofibroblasts and highly proliferative cells and to quantify the production of extracellular

matrix proteins. IL-11 was found to increase the myofibroblast ratio and induce the production

of collagen and periostin at a similar rate as TGFB1 signaling. This experiment was repeated

a numberof times with similar results.
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Figures 3A, 3B, 3C and 3D.Inhibition of IL-11 with a neutralizing antibody prevents TGFB1-

inducedfibrosis. Human atrial fibroblasts were stimulated with TGFB1 (5ng/ml), TGFBR1 and

an antibody against IL-11 or TGF1 and an isotype control. Charts and photographs showcell

stained after 24 hours for (8A) a-SMA, (3A) EdU, (3C) collagen and (3D) periostin to identify

myofibroblasts and highly proliferative cells and to quantify the production of extracellular

matrix proteins. Fluorescence was quantified on the Operetta platform for up to 21 fields per

condition. This experiment was repeated with fibroblasts derived from different individuals with

similar results. In the presence of an antibody blocking IL-11, TGFB1-stimulated fibroblasts

have a decreased ratio of myofibroblasts, are less proliferative and express less collagen and

periostin compared to control cells. This shows that IL-11 is an essential component of TGFB1

signaling pathway acting in an autocrine and/or paracrine feed forward fashion and its

inhibition reduces the pro-fibrotic effects of this key regulatoroffibrosis in humans.

Figures 4A and 4B. TGF§1 stimulation upregulates IL-11 in fibroblasts. Primary fibroblasts

were derived from humanatrial tissue of 80 individuals and incubated for 24h with and without

TGF£1 (5ng/ml). (4A) Chart showing IL-11 was the most upregulated RNAtranscript in

TGFB1 stimulated fibroblasts compared to 11,433 expressed genes (FPKM 2 0.5) across the

genome as assessed by global transcriptomeprofiling. (4B) Chart showing IL-11 expression

in non-stimulated (TGF-B -) and stimulated (TGF-B +) primary humanfibroblasts compared to

all human tissues as assessed by the GTEX project (Consortium, Gte. Human genomics. The

Genotype-Tissue Expression (GTEx)pilot analysis: multitissue gene regulation in humans.

Science (New York, N.Y.) 348, (2015)) reveals high specificity of elevated IL-11 levels to

fibroblasts and specifically activated fibroblasts, the signature of which is not appreciated at

the level of the whole organ that contains multiple cell types and few, IL11-expressing,

fibroblasts.

Figures 5A, 5B, 5C and 5D. IL-11 acts as an autocrine factor on fibroblasts and inducesits

own expression via translational regulation alone. Primary fibroblasts were stimulated with

TGF-B for 24 hours. (5A) Chart showing IL-11 RNA expression increased significantly (FDR =

9.1x10'*) more than 8-fold on average across 80 individuals. (5B) Chart showing results of

an ELISA assay confirming a significant increase in IL-11 protein secreted by stimulated

fibroblasts (t-test). (5C) Chart showing incubation of primary fibroblasts with IL-11 does not

increase IL-11 RNA levels (RT-qPCR). (5D) Chart showing incubation of primary fibroblasts

with IL-11 induces IL-11 protein secretion significantly (Dunnett) as detected by ELISA.

Adjusted P-values are given as **** P < 0.0001.
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Figures 6A, 6B, 6C, 6D, 6E and 6F. IL-11 drives proliferation and activation of

fibroblasts as well as extracellular matrix production and is required for the TGFB1-mediated

fibrotic response. Cardiac fibroblasts derived from 3 individuals were incubated for 24h with

TGFB1 (5 ng/ml), IL-11 (5 ng/ml) or TGFR1 and a neutralizing IL-11/control antibody. Charts

and photographs showresults of cell staining following incubation for (6A) a-SMA contentto

estimate the fraction of myofibroblasts, (6B) EdU to track actively proliferating cells (6C)

Periostin to estimate ECM production. Fluorescence was measured with the Operetta platform

for 14 fields across 2 wells for each patient. Charts also showthe secretion of fibrosis markers

IL-6 (6D), TIMP1 (6E) and MMP2(6F) as assessed via ELISA. Fluorescence was normalized

to the control group without stimulation and the mean with standard deviation is plotted. IL-11

inducesa fibrotic response at similar levels as TGFB1 and inhibition of IL-11 rescues the

TGFB1 phenotype on the protein level. Adjusted P-values are given as * P < 0.05, ** P < 0.01,

*** P < 0.001 or **** P < 0.0001 of experimental groups compared to unstimulated cells

(Dunnett). Outliers were removed (ROUT, Q = 2%).

Figures 7A, 7B and 7C. IL-11 promotes collagen protein synthesis and stalls the pro-

fibrotic effect of TGF1 at the RNAlevel. Cardiac fibroblasts derived from 3 individuals were

incubated for 24h with TGFR1 (5 ng/ml), IL-11 (5 ng/ml) or TGFR1 and a neutralizing IL-11

antibody. Following incubation (7A) Chart showing results following incubation of cell staining

for collagen using the Operetta assay; florescence was quantified as described abovefor

Figure 6, (7B) Chart showing secreted collagen levels assessed with a Sirius Red staining

and (7C) Chart showing collagen RNA levels measured by RT-gPCR. IL-11 inducesafibrotic

responseat similar levels as TGFA1 only at the protein level. Higher expression of Collagen

RNAtranscripts by TGF81 did not lead to increased protein production if IL-11 was

neutralized with an antibody. Adjusted P-values are given as * P < 0.05, *** P < 0.001 or ****

P < 0.0001 of experimental groups compared to unstimulated cell control group (Dunnett).

Figures 8A, 8B, 8C, 8D and 8E. IL-11 is a fibrosis marker and activator across multiple

tissues. Expression of IL-11 can be induced by a diverse set of upstream pro-fibrotic

stimulants in addition to TGFB1. (8A) Chart showing effect of TGFB1 on IL-11 expression.

(8B) Chart showing ET-1 (Endothelin) upregulates IL-11 in hepatic and pulmonaryfibroblasts;

(8C) Chart showing PDGF (platelet derived growth factor) induces IL-11 expression in renal

fibroblasts. IL-11 RNA levels were measured by RT-qPCR; adjusted P-values are given as * P

< 0.05, ** P < 0.01 or **** P < 0.0001 (Dunnett). To investigate the systemic effect of IL-11,

saline only (grey) or recombinant IL-11 (black) was injected 6 times a week in C57BL/6 mice

(200,g/kg). Collagen content in tissue was assessed with a hydroxyproline assay

(QuickZyme)on theprotein level and the results are shownin chart (8D). Tissues of animals
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treated with rlL-11 have higher collagen protein content than controls (ANOVA; p= 0.012).

(8E) Photographs of western blot showing aSMAlevels are increased in the kidney and heart

of IL-11 treated mice, indicating the presence of myofibroblasts.

Figure 9. Diagram illustrating role of IL-11 as an essential regulator of the fibrotic

response. IL-11 is an essential regulator required for the fibrotic response. In response to

tissue damageor chronic inflammation, cytokines such as TGF®1, ET-1 or PDGF are

released to upregulate the transcription of fibrosis marker genes. The autocrine agent IL-11 is

then produced in response to these upstream stimuli to ensure efficient translation of

upregulated transcripts into functionally relevant proteins in a cell-specific manner. Inhibition

of IL-11 blocks the synthesis of key extracellular matrix and myofibroblast proteins and

prevents the pro-fibrotic action of a diverse set of upstream stimuli.

Figure 10. Inhibition of IL-11 stops collagen protein synthesis in responseto pro-fibrotic

cytokines ANG2 (Angiotensin II), PDGF and ET-1. Cardiac fibroblasts were incubated for 24h

with ANG2, PDGF or ET-1 and a neutralizing IL-11 antibody. Following incubation cells were

stained for collagen and florescence was quantified. These stimuli induce a fibrotic response

at similar levels to TGF61. However, collagen expression is not increased if IL-11 is

neutralized with an antibody. P-values are given as: **** P < 0.0001 (t-test).

Figure 11. Nucleotide sequence of humanIL-11, taken from Genbank accession

number gi|/391353405|ref[NM_000641.3 (Homo sapiensinterleukin 11 (IL11), transcript

variant 1, Mrna) [SEQ ID NO:1]. Underlined sequence encodes IL-11 MRNA. Shaded

sequences were used for design of IL-11 knockdown siRNA and are shown separately as

SEQ ID NOs2 to 5. SEQ ID NOs 3 and 4 overlap with each other within SEQ ID NO:1.

Figure 12. Nucleotide sequence of human IL-11Ra, taken from Genbank accession

numbergi|/975336|gb|U32324.1|HSU32324 (Human interleukin-11 receptor alpha chain

mRNA, complete cds) [SEQ ID NO:6]. Underlined sequence encodes IL-11Ra mRNA.

Shaded sequences were used for design of IL-11Ra knockdown siRNA and are shown

separately as SEQ ID NOs7 to 10.

Figure 13. Table showing siRNA sequences [SEQ ID NOs11 to 14] for knockdownof

IL-1.
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Figure 14. Table showing siRNA sequences [SEQ ID NOs 15 to 18] for knockdown of

IL-11Ra.

Figure 15. Chart showing siRNA knockdownof IL-11Ra in HEK cells.

Figure 16. Graph showing read depth for whole transcriptome sequencing of humanatrial

fibroblasts from 160 individuals with and without stimulation with TGFB1.

Figures 17A, 17B, 17C, 17D and 17E. Graphs showing expression of endothelial,

cardiomyocyte and fibroblast marker genes as determined by RNA-seq of the tissue of origin

(humanatrial tissues samples, n=8) and primary, unstimulated fibroblast cultures. (17A)

PECAM1, (17B) MYH6 (17C) TNNT2, (17D) COL1A2, and (17E) ACTA2.

Figures 18A, 18B, 18C, 18D and 18E. Graphs showing upregulation of IL-11 expression

in fibroblasts in response to stimulation with TGFB1. (18A and 18B) Graphs showing fold

change in gene expressionin fibrosis; IL-11 is the most upregulated gene in responseto

TGF£1 treatment. (18C) IL-11 secretion by fibroblasts in response to stimulation with TGFB1.

(18D) Comparison of IL-11 gene expression in tissues of healthy individuals andin atrial

fibroblasts, with or without TGFB1 stimulation. (18E) Correspondenceof fold changein IL-11

expression as determined by RNA-seq vs. qPCR.

Figures 19A, 19B,19C and 19D. Graphs showing induction of IL-11 secretion in primary

fibroblasts by various profibrotic cytokines, as determined by ELISA. (19A) TGF§81, ET-1,

Angll, PDGF, OSM andIL-13 induce IL-11 secretion, and IL-11 also induces IL-11 expression

in a positive feedback loop. (19B) Graph showing that the ELISA only detects native IL-1 1

secreted from cells, and does not detect recombinant IL-11 used for the IL-11 stimulation

condition. (19C) and (19D) Cells were stimulated with recombinant IL-11, IL-11 RNA was

measured and the native IL-11 protein level was measuredin the cell culture supernatant by

ELISAat the indicated time points.

Figures 20A, 20B, 20C, 20D, 20E and 20F. Graphs and images showing

myofibroblast generation from, and production of ECM and cytokine expression by,atrial

fibroblasts in response to stimulation with TGF@1 or IL-11. (20A) myofibroblast generation and

ECM production by primary atrial fibroblasts following stimulation with TGFR1 or IL-11, as

measured by fluorescence microscopyfollowing staining for a a-SMA,collagen or periostin.

(20B) Collagen contentof cell culture supernatant as determined by Sirius Red staining.

Secretion of the fibrosis markers (20C) IL-6, (20D) TIMP1 and (20E) MMP2 as measured by
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ELISA. (20F) Activation of murine fibroblasts by stimulation with human or mouse

recombinant IL-11. * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001 [Mean + SD,

Dunnett].

Figures 21A, 21B and 21C. Graphs showingthe profibrotic effect of IL-11. (21A) Mouse

fibroblasts from different tissues of origin can be activated by IL-11 and display increased

ECM production. [Mean + SD, Dunnett]. Injection of mice with recombinant IL-11 or Angll

results in (21B) an increase in organ weight [Mean + SEN], and (21C) an increase in collagen

content (as determined by HPA assay). * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001

[Mean + SD, Dunnett].

Figures 22A, 22B, 22C, 22D, 22E and 22F. Graphs and images showing that IL-11 is

required the pro-fibrotic effects of TGFB1 on fibroblasts. (22A) myofibroblast generation and

ECM production by primary atrial fibroblasts, with or without stimulation with TGFB1, and in

the presence/absenceof neutralising anti-IL-11 antibody or isotype control IgG, as measured

by fluorescence microscopyfollowing staining for (22A) a-SMA, (22B) EdU or (22C) Periostin.

(22D to 22F) Secretion of the fibrosis markers (22D) IL-6, (22E) TIMP1, and (22F) MMP2 was

analysed by ELISA. Fluorescence was normalized to the control group without stimulation.

[Mean + SD, Dunnett] * P < 0.05, ** P < 0.01, *** P < 0.001 or **** P < 0.0001.

Figures 23A and 23B. Graphs and images showing the effect of neutralisation of |L-11

on collagen production triggered by TGFB1. Collagen production by cardiac fibroblasts with or

without stimulation with TGFB1, and in the presence/absence of neutralising anti-IL-11

antibody or isotype control IgG, as determined by (23A) Operetta assay or (23B) Sirius Red

staining. [Mean + SD, Dunnett] * P < 0.05, ** P < 0.01, *** P < 0.001 or **** P < 0.0001.

Figure 24. Graphs showing the ability of various IL-11 and IL-11Ra antagonists to inhibit

fibrosis. Humanatrial fibroblasts were treated with neutralizing antibody against IL-11,

neutralizing antibody against IL-11Ra, decoy IL-11 receptor molecule that binds to IL-11,

siRNAthat downregulates IL-11 expression or siRNA that downregulates IL-11RA expression

and the effect on the TGFB1-driven pro-fibrotic responsein fibroblasts in vitro was analysed.

[Mean + SD, Dunnett] * P < 0.05, ** P < 0.01, *** P < 0.001 or **** P < 0.0001.

Figures 25A, 25B, 25C and 25D._—Bar charts showing the responseoffibroblasts from IL-

11-RA knockout mice to pro-fibrotic treatment. Fibroblasts derived from IL-11RA WT(+/+),

Heterozygous (+/-) and Homozygousnull (-/-) mice were incubated for 24h with TGFB1, IL-11

or Angll (5 ng/ml). (25A) Percentage of myofibroblasts as determined by analysis aSMA
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content, (25B) Percentage proliferating cells as determined by staining for EdU, (25C)

Collagen content and (25D) ECM production as measured by detection of periostin [Mean +

SD].

Figures 26A and 26B. Graphs showing the effect of IL-11 neutralisation on fibrosis in

responseto various pro-fibrotic stimuli. Fibroblasts were cultured in vitro in the

presence/absenceof various different pro-fibrotic factors, and in the presence/absenceof

neutralising anti-IL-11 antibody or pan anti-TGFB antibody (26A) Collagen production and

(26B) myofibroblast generation as determined by analysis of aSMA expression. [Mean + SD,

Dunnett] * P < 0.05, ** P < 0.01, *** P < 0.001 or **** P < 0.0001.

Figures 27A, 27B, 27C and 27D.=Bar charts showing expression of markersof fibrosis in

the atrium and heart of WT and IL-11RA(-/-) animals following treatment with Angll treatment.

(27A) Collagen content, as measured by hydroxyproline assay. (27B) Collagen (Col1A2)

expression. (27C) aSMA (ACTA2) expression. (27D) Fibronectin (Fn1) expression.

Figure 28. Graphs showing the effect of IL-11RA knockout on folate-induced kidney

fibrosis as measured by collagen contentin kidneytissue.

Figures 29A, 29B and 29C. Schematics of the experimental procedures for analysing

fibrosis in (29A) lung, (29B) skin and (29C) eye for IL-11RA -/- mice as compared to IL-11RA

+/+ mice.

Figures 30A and 30B. Scatterplots shawing fold change in gene expression. (30A)

Fold changesin gene expressionin fibroblasts following stimulation with TGFB1, iL-11 or

TGFB61 and iL-11. (30B) Fold changes in gene expressionin fibroblasts obtained from IL-

11RA+/+ and IL-11RA-/- mice following stimulation with TGF81.

Figures 31A and 31B. Photographs showing the effect of IL-11RA knockout on wound

healing and fibrosis in the eye following trabeculectomy(filtration surgery). (381A) Eye sections

of IL-11RA+/+ (WT) and IL-11RA-/- (KO) animals 7 daysafterfiltration surgery. (31B)

Maturation of collagen fibres as evaluated by picro-sirius red/polarization light technique

(Szendrdi et al. 1984, Acta Morphol Hung 32, 47-55); morefibrosis is observed in WT mice

than KO mice.

Figures 32A and 32B. Graphs showing the effect of decoy IL-11 receptors onfibrosis in

responseto stimulation with TGFB1. Fibroblasts were cultured in vitro in the
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presence/absence of TGFB1 (5 ng/ml), in the presence or absence of (832A) D11R1 (Decoy

Receptor 50aa Linker) or (32B) D11R2 (Decoy Receptor 33aa Linker), at various different

concentrations. Myofibroblast generation after 24 hours (i.e. the percentage of activated

fibroblasts) was determined by analysis of aSMA expression.

Figure 33. Table showing SNPs regulation of IL-11 VST... in fans.

Figure 34. Table showing SNPsregulation of IL-11 VSTsim — VSTunstinm in cis.

Figure 35. Table showing SNPsregulation of IL-11 VSTstim — VSTunstin in trans.

Figures 36A, 36B, 36C and 36D Charts showing regulation of IL-11 response by local

SNPs. The RNAof unstimulated and stimulated (TGFB1, 5ng/ml, 24h) fibroblasts derived

from 69 genotyped individuals was sequenced. Samples were grouped according to genotype

and the increasein IL-11 expression (VSTstim-VSTunstin) WaS Compared between groups with 0,

1 or 2 minoralleles.

Figure 37. Charts showing regulation of IL-11 response by distant SNPs. The RNAof

unstimulated and stimulated (TGFB1, 5ng/ml, 24h) fibroblasts derived from 69 genotyped

individuals was sequenced. Samples were grouped according to genotype and the increasein

IL11 expression (VSTstim-VSTunstin) Was Compared between groups with 0, or 1 minor allele.

Figures 38A, 38B, 38C and 38D. Graphs showing that IL-11 is required the pro-fibrotic

effects of TGF1 in liver fibroblasts. Activation and proliferation of primary humanliver

fibroblasts, with or without stimulation with TGFB1, and in the presence/absenceof

neutralising anti-IL-11 antibody or isotype control IgG, as measured by analysis of the

proportion of (838A) a-SMApositive cells, (38B) EdU positive cells, (88C) Collagen positive

cells and (38D) Periostin positive cells as compared to the unstimulated cells (Baseline).

[Mean + SD, Dunnett] * P < 0.05, ** P < 0.01, *** P < 0.001 or **** P < 0.0001.

Figure 39. Bar chart showing that IL-11 is required for the pro-fibrotic effects of TGFR1 in

skin fibroblasts. Activation of mouse skin fibroblasts, with or without stimulation with TGFB1,

and in the presence/absenceof neutralising anti-IL-11 antibody, as measured by analysis of

the percentage of a-SMApositive cells (activated fibroblasts).
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Figure 40. Bar chart showing lung fibroblast cell migration with and without IL-11 signalling.

Migration of lung fibroblasts from IL-11RA+/+ (WT) and IL-11RA-/- (KO) animals was

analysed in an in vitro scratch assay without stimulus, or in the presence of TGF#1 or IL-11.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTSOF THE INVENTION

IL-11 and IL-11 receptor

Interleukin 11 (IL-11), also known as adipogenesis inhibitory factor, is a pleiotropic cytokine

and a memberof the IL-6 family of cytokines that includes IL-6, IL-11, IL-27, IL-31, oncostatin,

leukemia inhibitory factor (LIF), cardiotrophin-1 (CT-1), cardiotrophin-like cytokine (CLC),

ciliary neurotrophic factor (CNTF) and neuropoetin (NP-1).

IL-11 is transcribed with a canonical signal peptide that ensures efficient secretion from cells.

The immature form of human IL-11 is a 199 amino acid polypeptide whereas the mature form

of IL-11 encodes a protein of 178 amino acid residues (Garbers and Scheller., Biol. Chem.

2013; 394(9):1145-1161). The human IL-11 amino acid sequenceis available under UniProt

accession no. P20809 (P20809.1 Gl:124294). Recombinant human IL-11 (oprelvekin) is also

commercially available. IL-11 from other species, including mouse,rat, pig, cow, several

species of bony fish and primates, have also been cloned and sequenced.

In this specification IL-11 refers to an IL-11 from any species and includes isoforms,

fragments, variants or homologues of an IL-11 from any species. In preferred embodiments

the species is human (Homo sapiens). lsoforms, fragments, variants or homologues of an IL-

11 may optionally be characterised as having at least 70%, preferably one of 80%, 85%, 90%,

91%, 92%, 938%, 94%, 95%, 96%, 97%, 98%, 99% or 100% amino acid sequenceidentity to

the amino acid sequence of immature or mature IL-11 from a given species, e.g. human.

Isoforms, fragments, variants or homologues of an IL-11 may optionally be characterised by

ability to bind IL-11Ra (preferably fram the same species) and stimulate signal transduction in

cells expressing IL-11Ra and gp130 (e.g. as described in Curtis et al. Blood, 1997, 90(11); or

Karpovich et al. Mol. Hum. Reprod. 2003 9(2): 75-80). A fragment of IL-11 may be of any

length (by numberof amino acids), although mayoptionally be at least 25% of the length of

mature IL-11 and may have a maximum length of one of 50%, 75%, 80%, 85%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%of the length of mature IL-11. A fragment of

IL-11 may have a minimum length of 10 amino acids, and a maximum length of one of 15, 20,

25, 30, 40, 50, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190 or 195 amino acids
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IL-11 signals through a homodimerof the ubiquitously expressed B-receptor glycoprotein 130

(go130; also known as glycoprotein 130, ILG6ST, IL6-beta or CD130). Gpo130 is a

transmembraneprotein that forms one subunit of the type | cytokine receptor with the IL-6

receptor family. Specificity is gained through an individual IL-11 a-receptor (IL-11Ra), which

does notdirectly participate in signal transduction, although the initial cytokine binding event

to the a-receptor leads to the final complex formation with the B-receptors. IL-11 activates a

downstream signaling pathway, which is predominantly the mitogen-activated protein kinase

(MAPK)-cascade and the Janus kinase/signal transducer and activator of transcription

(Jak/STAT) pathway (Garbers and Scheller, supra).

Human gp130 (including the 22 amino acid signal peptide) is a 918 amino acid protein, and

the mature form is 866 amino acids, comprising a 597 amino acid extracellular domain, a 22

amino acid transmembrane domain, and a 277 amino acid intracellular domain. The

extracellular domain of the protein comprises the cytokine-binding module (CBM) of gp130.

The CBM of gp130 comprisesthe Ig-like domain D1, and the fibronectin-type Ill domains D2

and D3 of gp130. The amino acid sequence of human gp130is available from Genbank

accession no. NP_002175.2.

Human IL-11Ra is a 422 amino acid polypeptide (Genbank accession no. NP_001136256.1

GIl:218505839) and shares ~85% nucleotide and amino acid sequenceidentity with the

murine IL-11Ra (Du and Williams., Blood Vol, 89, No,11, June 1, 1997). Two isoformsof IL-

11Ra have been reported, which differ in the cytoplasmic domain (Du and Williams, supra).

The IL-11 receptor a-chain (IL-11Ra) shares many structural and functional similarities with

the IL-6 receptor a-chain (IL-6Ra). The extracellular domain shows 24% amino acid identity

including the characteristic conserved Trp-Ser-X-Trp-Ser (WSXWS)motif. The short

cytoplasmic domain (34 amino acids) lacks the Box 1 and 2 regions that are required for

activation of the JAK/STATsignaling pathway.

IL-11Ra bindsits ligand with a low affinity (Kd ~10 nmol/L) and aloneis insufficient to

transduce a biological signal. The generation of a high affinity receptor (Kd ~400 to 800

pmol/L) capable of signal transduction requires co-expression of the IL-11Ra and gp130

(Curtis et al (Blood 1997 Dec 1;90 (11):4403-12; Hilton et al., EMBO J 13:4765, 1994;

Nandurkaret al., Oncogene 12:585, 1996). Binding of IL-11 to cell-surface IL-11Ra induces

heterodimerization, tyrosine phosphorylation, activation of go130 and MAPK and/or Jak/STAT

signalling as described above.
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The receptor binding sites on murine IL-11 have been mapped and threesites — sites |, Il and

Ill - identified. Binding to gp130 is reduced by substitutions in the site Il region and by

substitutions in the site Ill region. Site IIl mutants show no detectable agonist activity and

have IL-11Ra antagonist activity (Cytokine Inhibitars Chapter 8; edited by Gennaro Ciliberto

and Rocco Savino, Marcel Dekker, Inc. 2001).

In principle, a soluble IL-11Ra can also form biologically active soluble complexes with IL-11

(Pflanz et al., 1999 FEBS Lett, 450, 117-122) raising the possibility that, similar to IL-6, IL-11

may in some instances bind soluble IL-11Ra prior to binding cell-surface gp130 (Garbers and

Scheller, supra). Curtis et al (Blood 1997 Dec 1;90 (11):4403-12) describe expression of a

soluble murine IL-11 receptor aloha chain (sIL-11R) and examined signaling in cells

expressing gp130. In the presence of gp130 but not transmembrane IL-11R the sIL-11R

mediated IL-11 dependentdifferentiation of M1 leukemic cells and proliferation in Ba/F3 cells

and early intracellular events including phosphorylation of go130, STAT3 and SHP2similar to

signalling through transmembrane IL-11R.

In this specification an IL-11 receptor (IL-11R) refers to a polypeptide capable of binding IL-11

and inducing signal transduction in cells expressing gp130. An IL-11 receptor may be from

any species and includes isoforms, fragments, variants or homologues of an IL-11 receptor

from any species. In preferred embodiments the species is human (Homo sapiens). In some

embodiments the IL-11 receptor may be IL-11Ra. Isoforms, fragments, variants or

homologues of an IL-11Ra may optionally be characterised as having at least 70%, preferably

one of 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 9B%, 99% or 100% amino

acid sequenceidentity to the amino acid sequence of IL-11Ra from a given species,e.g.

human. Isoforms, fragments, variants or homologues of an IL-11Ra may optionally be

characterised by ability to bind IL-11 (preferably from the same species) and stimulate signal

transduction in cells expressing the IL-11Ra and gp130 (e.g. as described in Curtis et al.

Blood, 1997, 90(11) or Karpovich et al. Mol. Hum. Reprod. 2003 9(2): 75-80). A fragmentof

an IL-11 receptor may be of any length (by numberof amino acids), although may optionally

be at least 25% of the length of the mature IL-11Ra and have a maximum length of oneof

50%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% of the

length of the mature IL-11Ra. A fragment of an IL-11 receptor fragment may have a minimum

length of 10 amino acids, and a maximum length of one of 15, 20, 25, 30, 40, 50, 100, 110,

120, 130, 140, 150, 160, 170, 180, 190, 200, 250, 300, 400, or 415 amino acids.

Agent capable of inhibiting the action of IL-11
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The IL-11 signaling pathway offers multiple routes for inhibition of IL-11 signaling. For

example, inhibition may be achieved by preventing or reducing the binding of IL-11 to an IL-11

receptor. As a result, suitable agents maytarget either IL-11 or its receptor.

In some embodiments agents capable of inhibiting the action of IL-11 may bind to IL-11 and

prevent or reduce IL-11 mediated signalling, e.g. through an IL-11 receptor. In some

embodiments agents capableof inhibiting the action of IL-11 may bind to the IL-11 receptor

and prevent or reduce IL-11 stimulated signalling.

Agents that bind to IL-11 mayinhibit IL-11 mediated signalling by blocking the binding of IL-11

to an IL-11 receptor and/or by reducing the amountof IL-11 available to bind to its receptor.

Suitable IL-11 binding agents may be IL-11 inhibitors or IL-11 antagonists.

IL-11 binding agents, e.g. anti-IL-11 antibodies, according to the present invention may exhibit

at least one of the following properties:

a) Bind to human IL-11 with a Kp of 1M or less, preferably one of s 1M, = 100nM,

<10nM, <1nM or <100pM;

b) Inhibit IL-11 mediated signalling via the IL-11Ra receptor, e.g. in a cell based

assayin which the cells co-express IL-11Ra and gp130. Suitable cell based

assays are °H-thymidine incorporation and Ba/F3cell proliferation assays

described in e.g. Curtis et al. Blood, 1997, 90(11) and Karpovich et al. Mol. Hum.

Reprod. 2003 9(2): 75-80. For example, ICs» for an IL-11 binding agent may be

determined by culturing Ba/F3 cells expressing IL-11Ra and gp130 in the presence

of human IL-11 and the IL-11 binding agent, and measuring °H-thymidine

incorporation into DNA. Suitable IL-11 binding agents may exhibit an ICs of 10

ug/ml or less, preferably one of = 5 g/ml, = 4 ug/ml, = 3.5 ug/ml, s 3 ug/ml, <2

ug/ml, = 1 ug/ml, = 0.9 pg/ml, = 0.8 pg/ml, = 0.7 ug/ml, = 0.6 pg/ml, or = 0.5 ug/ml

in such an assay.

c) Inhibit fibroblast proliferation, e.g. proliferation of cardiac/atrial fibroblasts. This can,

for example, be evaluated in an assay wherein fibroblasts are stimulated with IL-11

or TGFB1 andcell proliferation is monitored as described herein.

d) Inhibit myofibroblast generation, e.g. from cardiac/atrial fibroblasts. This can, for

example, be evaluated in an assay wherein fibroblasts are stimulated with IL-11 or

TGF81 and myofibroblast generation is monitored, e.g. by measuring GSMAlevels.

e) Inhibit extracellular matrix production byfibroblasts, e.g. cardiac/atrial fibroblasts.

This can, for example, be evaluated in an assay wherein fibroblasts are stimulated
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with IL-11 or TGFG1 and production of extracellular matrix components is

measured.

f) Inhibit collagen and/or periostin gene or protein expressionin fibroblasts, e.g.

cardiac/atrial fibroblasts. This can, for example, be evaluated in an assay wherein

fibroblasts are stimulated with IL-11 or TGF81 and collagen and/or periostin gene

or protein expression is measured.

IL-11 binding agents may be of any kind, but in some embodiments an IL-11 binding agent

may be an antibody, polypeptide, peptide, oligonucleotide, aptamer or small molecule.

Suitable anti-IL-11 antibodies will preferably bind to IL-11 (the antigen), preferably human IL-

11, and may have a dissociation constant (Kp) of one of = 1M, = 100nM, <10nM, <1nM or

=100pM. Binding affinity of an antibody for its target is often described in termsofits

dissociation constant (Kp). Binding affinity can be measured by methods knownin theart,

such as by Surface Plasmon Resonance (SPR), or by a radiolabeled antigen binding assay

(RIA) performed with the Fab version of the antibody and antigen molecule.

Anti-IL-11 antibodies may be antagonist antibodies that inhibit or reduce a biological activity of

IL-11.

Anti-IL-11 antibodies may be neutralising antibodies that neutralise the biological effect of IL-

11, e.g. its ability to stimulate productive signalling via an IL-11 receptor.

Neutralising activity may be measured by ability to neutralise IL-11 inducedproliferation in the

T11 mouse plasmacytomacell line (Nordan, R. P. et a/. (1987) J. Immunol. 139:813).

Examples of knownanti-IL-11 antibodies include monoclonal antibody clone 6D9A, clone KT8

(Abbiotec), clone M3103F11 (BioLegend), clone 1F1, clone 3C6 (Abnova Corporation), clone

GF1 (LifeSpan Biosciences), clone 13455 (Source BioScience) and clone 22626 (R & D

Systems, used in Bockhornet al. Nat. Commun. (2013) 4(0):1393; Monoclonal Mouse IgGo,;

Catalog No. MAB218; R&D Systems, MN, USA).

Antibodies may optionally be selected to exhibit substantially no cross-reactivity with one or

more of human, e.g. recombinant human, IL-6, CNTF, LIF, OSM, CLC or CT-1.
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Peptide or polypeptide based IL-11 binding agents may be based on the IL-11 receptor, e.g. a

IL-11 binding fragment of an IL-11 receptor. In one embodiment, suitable IL-11 binding

agents may comprise an IL-11 binding fragmentof the IL-11Ra chain, and maypreferably be

soluble and/or exclude one or more, orall, of the transmembrane domain(s). Such molecules

may be described as decoy receptors.

Curtis et al (Blood 1997 Dec 1;90 (11):4403-12) report that a soluble murine |L-11 receptor

alpha chain (sIL-11R) was capable of antagonizing the activity of IL-11 when tested on cells

expressing the transmembrane IL-11R and gp130. They proposed that the observed IL-11

antagonism by the sIL-11R dependson limiting numbers of go130 molecules on cells already

expressing the transmembrane IL-11R.

The use of soluble decoy receptors as the basis for inhibition of signal transduction and

therapeutic intervention has also been reported for other signalling molecule:receptor pairs,

e.g. VEGF and the VEGF receptor (De-Chao Yuet al., Molecular Therapy (2012); 20 5, 938-

947; Konner and Dupont Clin Colorectal Cancer 2004 Oct:4 Suppl 2:S81-5).

As such, in some embodiments an IL-11 binding agent may be provided in the form of a

decoy receptor, e.g. a soluble IL-11 receptor. Competition for IL-11 provided by a decoy

receptor has been reported to lead to IL-11 antagonist action (Curtis et al., supra).

Decoy IL-11 receptors preferably bind IL-11 and/or IL-11 containing complexes, and thereby

make these species unavailable for binding to go130, IL-11Ra and/or gp130:IL-11Ra

receptors. As such, they act as ‘decoy’ receptors for IL-11 and IL-11 containing complexes,

muchin the same waythat etanercept acts as a decoy receptor for TNFa. IL-11 mediated

signalling is reduced as compared to the level of signalling in the absence of the decoy

receptor.

Decoy IL-11 receptors preferably bind to IL-11 through one or more cytokine binding modules

(CBMs). The CBMsare,or are derived from or homologousto, the CBMsof naturally

occurring receptor molecules for IL-11. For example, decoy IL-11 receptors may comprise,or

consist of, one or more CBMswhichare from, are derived from ar homologousto the CBM of

gpe130 and/or IL-11Ra.

In some embodiments, a decoy IL-11 receptor may comprise, or consist of, an amino acid

sequence corresponding to the cytokine binding module of gp130. In some embodiments, a
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decoy IL-11 receptor may comprise an amino acid sequence corresponding to the cytokine

binding module of IL-11Ra. Herein, an amino acid sequence which ‘corresponds’ to a

reference region or sequence of a given peptide/polypeptide has at least 60%, e.g. one of at

least 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, I6%, 97%, 98B% or 99%

sequenceidentity to the amino acid sequenceof the reference region/sequence. The gp130,

IL-11Ra and IL-11 may be from any species, and include isoforms, fragments, variants or

homologues from any species.

In some embodiments a decoy receptor may be able to bind IL-11, e.g. with binding affinity of

at least 100uM or less, optionally one of 10UM or less, 1M or less, 100nM or less, or about 1

to 100nM. In some embodiments a decoy receptor may compriseall or part of the IL-11

binding domain and mayoptionally lack all or part of the transmembrane domains. The decoy

receptor may optionally be fused to an immunoglobulin constant region, e.g. IgG Fe region.

In some embodiments an IL-11 binding agent may be provided in the form of a small molecule

inhibitor of IL-11, e.g. IL-11 inhibitor described in Lay etal., Int. J. Oncol. (2012); 41(2): 759-

764.

Agents that bind to an IL-11 receptor (IL-11R) may inhibit IL-11 mediated signalling by

blocking the binding of IL-11 to an IL-11R or by preventing signal transduction via the gp130

co-receptors. Suitable IL-11R binding agents may be IL-11R inhibitors or IL-11R antagonists.

In preferred embodiments the IL-11R is IL-11Ra and suitable binding agents maybind the IL-

11Ra polypeptide and maybeinhibitors or antagonists of IL-11Ra.

IL-11R binding agents, e.g. anti-IL-11R antibodies, according to the present invention may

exhibit at least one of the following properties:

(a) Bind to human IL-11R with a Kp of 1pM or less, preferably one of = 1M, = 100nM,

=10nM, <1nM or <100pM;

(b) Inhibit IL-11R signalling, e.g. in a cell based assay in which the cells co-express IL-—

11Ra and gp130. Suitable cell based assays are °H-thymidine incorporation and Ba/F3

cell proliferation assays described in e.g. Curtis et al. Blood, 1997, 90(11) and

Karpovich et al. Mol. Hum. Reprod. 2003 9(2): 75-80. For example, ICs, for an IL-11R

binding agent may be determined by culturing Ba/F3 cells expressing IL-11Ra and

gp130 in the presence of human IL-11 and the IL-11R binding agent, and measuring

°H-thymidine incorporation into DNA. Suitable IL-11R binding agents may exhibit an

ICso of 10 ug/mlor less, preferably one of = 5 ug/ml, <= 4 ug/ml, <= 3.5 ug/ml, = 3 ug/ml,
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Ss 2 ug/ml, = 1 ug/ml, = 0.9 ug/ml, = 0.8 ug/ml, = 0.7 ug/ml, <= 0.6 ug/ml, or = 0.5 g/ml

in such an assay.

(c nae Inhibit fibroblast proliferation, e.g. proliferation of cardiac/atrial fibroblasts. This can, for

example, be evaluated in an assay wherein fibroblasts are stimulated with IL-11 or

TGFB1 and cell proliferation is monitored as described herein.

(d) Inhibit myofibroblast generation, e.g. from cardiac/atrial fibroblasts. This can, for

example, be evaluated in an assay wherein fibroblasts are stimulated with IL-11 or

TGFB1 and myofibroblast generation is monitored, e.g. by measuring GSMAlevels.

(e) Inhibit extracellular matrix production byfibroblasts, e.g. cardiac/atrial fibroblasts. This

can, for example, be evaluated in an assay wherein fibroblasts are stimulated with IL-

11 or TGFB1 and production of extracellular matrix components is measured.

(f) Inhibit collagen and/or periostin gene or protein expression in fibroblasts, e.g.

cardiac/atrial fibroblasts. This can, for example, be evaluated in an assay wherein

fibroblasts are stimulated with IL-11 or TGFG1 and collagen and/or periostin gene or

protein expression is measured.

IL-11R binding agents may be of any kind, but in some embodiments an IL-11R binding agent

may be an antibody, polypeptide, peptide, oligonucleotide, aptamer or small molecule.

Suitable anti-IL-11R antibodies will preferably bind to IL-11R (the antigen), preferably human

IL-11R, and may have a dissociation constant (Kp) of one of = 1M, = 100nM, <10nM, s1nM

or $100pM. Binding affinity of an antibody forits target is often described in termsofits

dissociation constant (Kp). Binding affinity can be measured by methods knownin theart,

such as by Surface Plasmon Resonance (SPR), or by a radiolabeled antigen binding assay

(RIA) performed with the Fab version of the antibody and antigen molecule.

Anti-IL-11R antibodies may be antagonist antibodies that inhibit or reduce a biological activity

of IL-11R. Anti-IL-11R antibodies may be antagonist antibodies that inhibit or reduce any

function of IL-11R, in particular signalling. For example, antagonist IL-11R antibodies may

inhibit or prevent binding of IL-11 to IL-11R, or may inhibit or prevent association of IL-11Ra

with gp130 to form a functional receptor complex capable of productive signalling, e.g. in

responseto IL-11 binding.

Anti-IL-11R antibodies may be neutralising antibodies that neutralise the biological effect of IL-

11R,e.g. its ability to initiate productive signalling mediated by binding of IL-11.
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Neutralising activity may be measured by ability to neutralise IL-11 induced proliferation in the

T11 mouse plasmacytomacell line (Nordan, R. P. ef a/. (1987) J. Immunol. 139:813).

Examples of knownanti-IL-11R antibodies include monoclonal antibody clone 025 (Sino

Biological), clone EPR5446 (Abcam), clone 473143 (R & D Systems), clones 8E2 and 8E4

described in US 2014/0219919 A1 and the monoclonal antibodies described in Blanc etal (J.

Immunol Methods. 2000 Jul 31;241(1-2);43-59).

Peptide or polypeptide based IL-11R binding agents may be based on IL-11, e.g. mutant,

variant or binding fragment of IL-11. Suitable peptide or polypeptide based agents may bind

to IL-11R in a mannerthat does notlead to initiation of signal transduction or produces sub-

optimalsignaling. IL-11 mutants of this kind may act as competitive inhibitors of endogenous

IL-11.

For example, W147Ais an IL-11 antagonist in which the amino acid 147 is mutated from a

tryptophan to an alanine, which destroys the so-called ‘site III’ of IL-11. This mutant can bind

to the IL-11R, but engagementof the go130 homodimerfails, resulting in efficient blockade of

IL-11 signaling (Underhill-Day et al., 2003; Endocrinology 2003 Aug;144(8):3406-14). Lee et

al (Am J respire Cell Mol Biol. 2008 Dec; 39(6):739-746) also report the generation of an IL-11

antagonist mutant (a “mutein”) capable of specifically inhibiting the binding of IL-11 to IL-

11Ra.

Menkhorstet al (Biology of Reproduction May 1, 2009 vol.80 no.5 920-927) describe a

PEGylated IL-11 antagonist, PEGIL11A (CSL Limited, Parkvill, Victoria, Australia) which is

effective to inhibit IL-11 action in female mice.

Pasqualini et al. Cancer (2015) 121(14):241 1-2421 describe a ligand-directed, peptidomimetic

drug, bone metastasis-targeting peptidomimetic-11 (BMTP-11) capable of binding to IL-11Ra.

In some embodiments an IL-11R binding agent may be provided in the form of a small

molecule inhibitor of IL-11R.

The inventors haveidentified that upregulation of IL-11 expression is consistent with the

molecular mechanism of fibrosis and that inhibition of IL-11 activity leads to a reduction in the

molecular basis for fibrosis. Accordingly, in some aspects of the present invention treatment,

prevention or alleviation of fibrosis may be provided by administration of an agent capable of
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preventing or reducing the expression of IL-11 by cells of the subject, e.g. by fibroblasts or

myofibroblasts.

Suitable agents may be of any kind, but in some embodiments an agent capable of preventing

or reducing the expression of IL-11 may be a small molecule or an oligonucleotide.

Taki et al (Clin Exp Immunol. 1998 Apr; 112(1): 133-138) report a reduction in the expression

of IL-11 in rheumatoid synovial cells upon treatment with indomethacin, dexamethasoneor

interferon-gamma (IFNy).

In some embodiments an agent capable of preventing or reducing the expression of IL-11

may be an oligonucleotide capable of repressing or silencing expression of IL-11.

Accordingly, the present invention also includes the use of techniques Knownin the art for the

therapeutic down regulation of IL-11 expression. These include the use of antisense

oligonucleotides and RNAinterference (RNAi). As in other aspects of the present invention,

these techniques may be used in the treatmentoffibrosis.

Accordingly, in one aspect of the present invention a method of treating or preventing fibrosis

is provided, the method comprising administering to a subject in need of treatment a

therapeutically effective amount of an agent capable of preventing or reducing the expression

of IL-11, wherein the agent comprises a vector comprising a therapeutic oligonucleotide

capable of repressing or silencing expression of IL-11.

In another aspect of the present invention a methodof treating or preventing fibrosis is

provided, the method comprising administering to a subject in need of treatment a

therapeutically effective amount of an agent capable of preventing or reducing the expression

of IL-11, wherein the agent comprises an oligonucleotide vector, optionally a viral vector,

encoding a therapeutic oligonucleotide capable of being expressed in cells of the subject, the

expressed therapeutic oligonucleotide being capable of repressing or silencing expression of

IL-11.

The ability of an agent to prevent or reduce the expression of IL-11 may be assayed by

determining the ability of the agent to inhibit IL-11 gene or protein expression by fibroblasts or

myofibroblasts, e.g. cardiac/atrial fibroblasts or myofibroblasts. This can, for example, be

evaluated in an assay wherein fibroblasts or myofibroblasts are stimulated with IL-11 or

TGF£1, and IL-11 gene or protein expression is measured.
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Reducing the amountof IL-11R available for binding to IL-11 and initiation of productive

signalling provides an alternative meansof reducing the level of IL-11 stimulated signalling.

Accordingly, in related aspects of the present invention, treatment, prevention or alleviation of

fibrosis may be provided by administration of an agent capable of preventing or reducing the

expression of IL-11R by cells of the subject, e.g. by fibroblasts or myofibroblasts.

In some embodiments an agent capable of preventing or reducing the expression of IL-11R

may be an oligonucleotide capable of repressing or silencing expression of IL-11R.

Accordingly, the present invention also includes the use of techniques knownin the art for the

therapeutic down regulation of IL-11R expression. These include the use of antisense

oligonucleotides and RNAinterference (RNAi). As in other aspects of the present invention,

these techniques may be usedin the treatmentof fibrosis.

Accordingly, in one aspect of the present invention a method of treating or preventing fibrosis

is provided, the method comprising administering to a subject in need of treatment a

therapeutically effective amount of an agent capable of preventing or reducing the expression

of IL-11R, wherein the agent comprises a vector comprising a therapeutic oligonucleotide

capable of repressing or silencing expression of IL-11R.
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In another aspect of the present invention a methodof treating or preventing fibrosis is

provided, the method comprising administering to a subject in need of treatment a

therapeutically effective amount of an agent capable of preventing or reducing the expression

of IL-11R, wherein the agent comprises an oligonucleotide vector, optionally a viral vector,

encoding a therapeutic oligonucleotide capable of being expressed in cells of the subject, the

expressed therapeutic oligonucleotide being capable of repressing or silencing expression of

IL-11R.

The ability of an agent to prevent or reduce the expression of IL-11R may be assayed by

determining the ability of the agent to inhibit IL-11R gene or protein expression by fibroblasts

or myofibroblasts, e.g. cardiac/atrial fibroblasts or myofibroblasts. This can, for example, be

evaluated in an assay wherein fibroblasts or myofibroblasts are stimulated with IL-11 or

TGFB1, and IL-11R gene or protein expression is measured.

In preferred embodiments, the IL-11R may be IL-11Ra.

Antibodies

In this specification “antibody” includes a fragmentor derivative of an antibody, or a synthetic

antibody or synthetic antibody fragment.

Antibodies may be providedin isolated or purified form. Antibodies may be formulated as a

pharmaceutical composition or medicament.

In view of today's techniques in relation to monoclonal antibody technology, antibodies can be

prepared to most antigens. The antigen-binding portion may be a part of an antibody (for

example a Fab fragment) or a synthetic antibody fragment (for example a single chain Fv

fragment [ScFv]). Suitable monoclonal antibodies to selected antigens may be prepared by

known techniques, for example those disclosed in "Monoclonal Antibodies: A manual of

techniques ", H Zola (CRC Press, 1988) and in "Monoclonal Hybridoma Antibodies:

Techniques and Applications ", JG R Hurrell (CRC Press, 1982). Chimaeric antibodies are

discussed by Neubergeret al (1988, 8th International Biotechnology Symposium Part 2, 792-

799).

Monoclonal antibodies (mAbs) are useful in the methods of the invention and are a

homogenous population of antibodies specifically targeting a single epitope on an antigen.
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Polyclonal antibodies are useful in the methods of the invention. Monospecific polyclonal

antibodies are preferred. Suitable polyclonal antibodies can be prepared using methods well

knownin the art.

Antigen binding fragments of antibodies, such as Fab and Fabs fragments may also be

used/provided as can genetically engineered antibodies and antibody fragments. The variable

heavy (V.) and variable light (V_) domains of the antibody are involved in antigen recognition,

a factfirst recognised by early protease digestion experiments. Further confirmation was

found by "humanisation" of rodent antibodies. Variable domains of rodent origin may be fused

to constant domains of human origin such that the resultant antibody retains the antigenic

specificity of the rodent parented antibody (Morrison et al (1984) Proc. Natl. Acad. Sd. USA

81, 6851-6855).

That antigenic specificity is conferred by variable domains and is independent of the constant

domains is Known from experiments involving the bacterial expression of antibody fragments,

all containing one or more variable domains. These molecules include Fab-like molecules

(Better et al (1988) Science 240, 1041); Fv molecules (Skerra et al (1988) Science 240,

1038); single-chain Fv (ScFv) molecules where the V,, and V_ partner domains arelinked via a

flexible oligopeptide (Bird et al (1988) Science 242, 423; Huston et al (1988) Proc. Natl. Acad.

Sd. USA 85, 5879) and single domain antibodies (dAbs) comprising isolated V domains (Ward

et al (1989) Nature 341, 544). A general review of the techniques involved in the synthesis of

antibody fragments which retain their specific binding sites is to be found in Winter & Milstein

(1991) Nature 349, 293- 299.

By "ScFv molecules" we mean molecules wherein the Vy and V, partner domains are

covalently linked, e.g. by a flexible oligopeptide.

Fab, Fv, ScFv and dAb antibody fragments can all be expressed in and secreted from E. coli,

thus allowing the facile production of large amounts of the said fragments.

Whole antibodies, and F(ab’). fragments are "bivalent". By "bivalent" we mean that the said

antibodies and F(ab’). fragments have two antigen cambining sites. In contrast, Fab, Fv, ScFv

and dAb fragments are monovalent, having only one antigen combining site. Synthetic

antibodies which bind to IL-11 or IL-11R may also be made using phage display technology

as is well Knownin theart.
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Antibodies may be produced by a processof affinity maturation in which a modified antibody

is generated that has an improvementin the affinity of the antibody for antigen, compared to

an unmodified parent antibody. Affinity-matured antibodies may be produced by procedures

knownin the art, e.g., Marks et al.,Rio/Technology 10:779-783 (1992); Barbas et al. Proc Nat.

Acad. Sci. USA 91:3809-3813 (1994); Schier et al. Gene 169:147-155 (1995); Yelton et al. J.

Immunol. 155:1994-2004 (1995); Jackson ef al., J. Immunol. 154(7):331 0-15 9 (1995); and

Hawkins et a/, J. Mol. Biol. 226:889-896 (1992).

Antibodies according to the presentinvention preferably exhibit specific binding to IL-11 or IL-

11R. An antibody that specifically binds to a target molecule preferably binds the target with

greateraffinity, and/or with greater duration than it binds to other targets. In one embodiment,

the extent of binding of an antibody to an unrelated target is less than about 10% of the

binding of the antibody to the target as measured, e.g., by ELISA, or by a radioimmunoassay

(RIA). Alternatively, the binding specificity may be reflected in terms of binding affinity where

the antibody bindsto IL-11 or IL-11R with a K, that is at least 0.1 order of magnitude (i.e. 0.1

x 10", where n is an integer representing the order of magnitude) greater than the Kp of the

antibody towards another target molecule, e.g. another memberof the IL-11 family such as IL-

6 or the IL-6 receptor. This may optionally be one of at least 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,

0.9, 1.0, 1.5, or 2.0.

Antibodies may be detectably labelled or, at least, capable of detection. Such antibodies being

useful for both in vivo (e.g. imaging methods) and in vitro (e.g. assay methods) applications

For example, the antibody may be labelled with a radioactive atom or a coloured molecule or

a fluorescent molecule or a molecule which can be readily detected in any other way. Suitable

detectable moleculesinclude fluorescent proteins, luciferase, enzyme substrates, and

radiolabels. The binding moiety may bedirectly labelled with a detectable label or it may be

indirectly labelled. For example, the binding moiety may be an unlabelled antibody which can

be detected by another antibody whichis itself labelled. Alternatively, the second antibody

may have boundtoit biotin and binding of labelled streptavidin to the biotin is used to

indirectly label the first antibody.

Aspects of the present invention include bi-specific antibodies, e.g. composed of twodifferent

fragments of two different antibodies, such that the bi-specific antibody binds two typesof

antigen. One of the antigensis IL-11 or IL-11R, the bi-specific antibody comprising a

fragment as described herein that binds to IL-11 or IL-11R. The antibody may contain a

different fragment having affinity for a second antigen, which may be any desired antigen.

Techniquesfor the preparation of bi-specific antibodies are well known in the art, e.g. see
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Mueller, D et al., (2010 Biodrugs 24 (2): 89-98), Wozniak-Knopp G et al., (2010 Protein Eng

Des 23 (4): 289-297. Baeuerle, PA et al., (2009 Cancer Res 69 (12): 4941-4944).

In some embodiments, the bispecific antibody is provided as a fusion protein of two single-

chain variable fragments (scFV) format, comprising a Vy and V, of a IL-11 or IL-11R binding

antibody or antibody fragment, and a Vy and V, of an another antibody or antibody fragment.

Bispecific antibodies and bispecific antigen binding fragments may be provided in any suitable

format, such as those formats described in Kontermann MAbs 2012, 4(2): 182-197, which is

hereby incorporated by referencein its entirety. For example, a bispecific antibody or

bispecific antigen binding fragment may be a bispecific antibody conjugate (e.g. an IgG2,

F(ab’), or CovxX-Body), a bispecific IgG or IgG-like molecule (e.g. an IgG, scFv,-lg, lgG-scFv,

scFv-IgG, DVD-lg, IgG-sVD, sVD-IgG,2 in 1-lgG, mAb’, or Tandemab commonLC), an

asymmetric bispecific IgG or lgG-like molecule (e.g. a kin IgG, kih IgG common LC,

CrossMab,kih IgG-scFab, mAb-Fv, charge pair or SEED-body), a small bispecific antibody

molecule (e.g. a Diabody (Db), dsDb, DART, scDb, tandAbs, tandem scFv (taFv), tandem

dAb/VHH, triple body,triple head, Fab-scFv, or F(ab’)o-scFv2), a bispecific Fe and C3 fusion

protein (e.g. a taFv-Fc, Di-diabody, scDb-C,,3, scFv-Fc-scFv, HCAb-VHH, scFv-kih-Fc,or

scFv-kih-C,,3), or a bispecific fusion protein (e.g. a scFv2-albumin, scDb-albumin, taFv-toxin,

DNL-Fab;, DNL-Fab.-lgG, DNL-Fab,-lgG-cytokinez). See in particular Figure 2 of Kontermann

MAbs 2012, 4(2): 182-19.

Methodsfor producing bispecific antibodies include chemically crosslinking antibodies or

antibody fragments, e.g. with reducible disulphide or non-reducible thioether bonds,for

example as described in Segal and Bast, 2001. Production of Bispecific Antibodies. Current

Protocols in Immunology. 14:1V:2.13:2.13.1-—2.13.16, which is hereby incorporated by

referencein its entirety. For example, N-succinimidyl-3-(-2-pyridyldithio)-propionate (SPDP)

can be used to chemically crosslink e.g. Fab fragments via hinge region SH- groups, to create

disulfide-linked bispecific F(ab). heterodimers.

Other methods for producing bispecific antibodies include fusing antibody-producing

hybridomas e.g. with polyethylene glycol, to produce a quadromacell capable of secreting

bispecific antibody, for example as described in D. M. and Bast, B. J. 2001. Production of

Bispecific Antibodies. Current Protocols in Immunology. 14:1V:2.13:2.13.1-—2.13.16.

Bispecific antibodies and bispecific antigen binding fragments can also be produced

recombinantly, by expression from e.g. a nucleic acid construct encoding polypeptides for the
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antigen binding molecules, for example as described in Antibody Engineering: Methods and

Protocols, Second Edition (Humana Press, 2012), at Chapter 40: Production of Bispecific

Antibodies: Diabodies and Tandem scFv (Hornig and Farber-Schwarz), or French, How to

makebispecific antibodies, Methods Mol. Med. 2000; 40:333-339.

For example, a DNA construct encoding the light and heavy chain variable domains for the

two antigen binding domains(i.e. the light and heavy chain variable domains for the antigen

binding domain capable of binding IL-11 or IL-11R, and the light and heavy chain variable

domainsfor the antigen binding domain capable of binding to another target protein), and

including sequences encoding a suitable linker or dimerization domain between the antigen

binding domains can be prepared by molecular cloning techniques. Recombinantbispecific

antibody can thereafter be produced by expression (e.g. in vitro) of the construct in a suitable

hostcell (¢.g. a mammalian host cell), and expressed recombinant bispecific antibody can

then optionally be purified.

Aptamers

Aptamers, also called nucleic acid ligands, are nucleic acid molecules characterised by the

ability to bind to a target molecule with high specificity and high affinity. Almost every aptamer

identified to date is a non-naturally occurring molecule.

Aptamersto a given target (e.g. IL-11 or IL-11R) may be identified and/or produced by the

method of Systematic Evolution of Ligands by EXponential enrichment (SELEX'™). Aptamers

and SELEX are described in Tuerk and Gold (Systematic evolution of ligands by exponential

enrichment: RNAligands to bacteriophage T4 DNA polymerase. Science. 1990 Aug

3;249(4968):505-10) and in WO91/19813.

Aptamers may be DNA or RNA molecules and may be single stranded or double stranded.

The aptamer may comprise chemically modified nucleic acids, for example in which the sugar

and/or phosphate and/or base is chemically modified. Such modifications may improve the

stability of the aptamer or make the aptamer moreresistant to degradation and mayinclude

modification at the 2’ position of ribose.

Aptamers may be synthesised by methods which are well knownto the skilled person. For

example, aptamers may be chemically synthesised, e.g. on a solid support.

Solid phase synthesis may use phosphoramidite chemistry. Briefly, a solid supported

nucleotide is detritylated, then coupled with a suitably activated nucleoside phosphoramidite
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to form a phosphite triester linkage. Capping may then occur, followed by oxidation of the

phosphite triester with an oxidant, typically iodine. The cycle may then be repeated to

assemble the aptamer.

Aptamers can be thoughtof as the nucleic acid equivalent of monoclonal antibodies and often

have K,’s in the nM or pM range, e.g. less than one of 500nM, 100nM, 50nM, 10nM, inM,

500pM, 100pM. As with monoclonal antibodies, they may be useful in virtually any situation in

which target binding is required, including use in therapeutic and diagnostic applications, in

vitro or in vivo. In vitro diagnostic applications may include use in detecting the presence or

absenceof a target molecule.

Aptamers according to the present invention may be providedin purified or isolated form.

Aptamers according to the present invention may be formulated as a pharmaceutical

composition or medicament.

Suitable aptamers may optionally have a minimum length of one of 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or 40

nucleotides

Suitable aptamers may optionally have a maximum length of one of 20, 21, 22, 23, 24, 25, 26,

27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51,

52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76,

77, 78, 79, or 80 nucleotides

Suitable aptamers may optionally have a length of one of 10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,

44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68,

69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, or 80 nucleotides.

Oligonucleotide repression of IL-11 or IL-11R expression

Oligonucleotide molecules, particularly RNA, may be employed to regulate gene expression.

Theseinclude antisense oligonucleotides, targeted degradation of mRNAsby small interfering

RNAs (siRNAs), post transcriptional gene silencing (PTGs), develoomentally regulated

sequence-specific translational repression of MRNA by micro-RNAs(miRNAs)and targeted

transcriptional gene silencing.
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An antisense oligonucleotide is an oligonucleotide, preferably single stranded, that targets and

binds, by complementary sequencebinding, to a target oligonucleotide, e.g. MRNA. Where

the target oligonucleotide is an MRNA, binding of the antisense to the mRNA blocks

translation of the mRNA and expression of the gene product. Antisense oligonucleotides may

be designed to bind sense genomic nucleic acid and inhibit transcription of a target nucleotide

sequence.

In view of the known nucleic acid sequencesfor IL-11 (e.g. the Known mRNA sequences

available from GenBank® under accession no.s: BC012506.1 GI:15341754 (human),

BC134354.1 Gl:126632002 (mouse), AF347935.1 GI:13549072(rat)) and IL-11R (e.g. the

known mRNA sequencesavailable from GenBank® under accession no.s: NM_001142784.2

GI:391353394 (human), NM_001163401.1 Gl:254281268 (mouse), NM_1391 16.1

GI:20806172 (rat)), oligonucleotides may be designed to repressor silence the expression of

IL-11 or IL-11R. Such oligonucleotides may have any length, but may preferably be short, e.g.

less than 100 nucleotides, e.g. 10-40 nucleotides, or 20-50 nucleotides, and may comprise a

nucleotide sequence having complete- or near- complementarity (e.g. 80%, 85%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% complementarity) to a sequenceof

nucleotides of corresponding length in the target oligonucleotide, e.g. the IL-11 or IL-11R

mRNA. The complementary region of the nucleotide sequence may have any length, butis

preferably at least 5, and optionally no more than 50, nucleotides long, e.g. one of 6, 7, 8, 9,

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,

35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 nucleotides.

Repression of IL-11 or IL-11R expression will preferably result in a decrease in the quantity of

IL-11 or IL-11R expressed bya cell, e.g. by a fibroblast or myofibroblast. For example, ina

given cell the repression of IL-11 or IL-11R by administration of a suitable nucleic acid will

result in a decrease in the quantity of IL-11 or IL-11R expressed bythat cell relative to an

untreated cell. Repression may be partial. Preferred degrees of repression are at least 50%,

more preferably one of at least 60%, 70%, 80%, 85% or 90%. A level of repression between

90% and 100% is considereda‘silencing’ of expression or function.

A role for the RNAi machinery and small RNAsin targeting of heterochromatin complexes and

epigenetic gene silencing at specific chromosomalloci has been demonstrated. Double-

stranded RNA (dsRNA)-dependentpost transcriptional silencing, also known as RNA

interference (RNAi), is a phenomenonin which dsRNA complexes can target specific genes of

homologyfor silencing in a short period of time. It acts as a signal to promote degradation of

mRNAwith sequenceidentity. A 20-nt siRNA is generally long enough to induce gene-
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specific silencing, but short enough to evade host response. The decrease in expression of

targeted gene products can be extensive with 90%silencing induced by a few molecules of

siRNA. RNAi based therapeutics have been progressed into Phasel, || and III clinical trials for

a numberof indications (Nature 2009 Jan 22; 457(7228):426-433).

In the art, these RNA sequencesare termed "short or small interfering RNAs" (siRNAs) or

"microRNAs" (miRNAs) depending on their origin. Both types of sequence may be used to

down-regulate gene expression by binding to complementary RNAsandeithertriggering

mRNAelimination (RNAi) or arresting MRNAtranslation into protein. siRNA are derived by

processing of long double stranded RNAs and whenfoundin nature are typically of

exogenousorigin. Micro-interfering RNAs (miRNA) are endogenously encoded small non-

coding RNAs, derived by processing of short hairpins. Both siRNA and miRNAcaninhibit the

translation of mRNAs bearing partially complimentary target sequences without RNA cleavage

and degrade mRNAsbearing fully complementary sequences.

Accordingly, the present invention provides the use of oligonucleotide sequences for down-

regulating the expression of IL-11 or IL-11R.

siRNAligands are typically double stranded and, in order to optimise the effectiveness of RNA

mediated down-regulation of the function of a target gene,it is preferred that the length of the

siRNA molecule is chosen to ensure correct recognition of the siRNA by the RISC complex

that mediates the recognition by the siRNA of the mRNAtarget and so that the siRNAis short

enough to reduce a host response.

miRNAligandsare typically single stranded and have regionsthat are partially

complementary enabling the ligands to form a hairpin. miRNAs are RNA genes which are

transcribed from DNA,but are nottranslated into protein. A DNA sequencethat codes for a

miRNA geneis longer than the miRNA. This DNA sequenceincludes the miRNA sequence

and an approximate reverse complement. When this DNA sequenceis transcribed into a

single-stranded RNA molecule, the miRNA sequence andits reverse-complement base pair to

form a partially double stranded RNA segment. The design of microRNA sequencesis

discussed in John et al, PLoS Biology, 11(2), 1862-1879, 2004.

Typically, the RNA ligands intended to mimic the effects of SIRNA or miRNA have between 10

and 40 ribonucleotides (or synthetic analogues thereof), more preferably between 17 and 30

ribonucleotides, more preferably between 19 and 25 ribonucleotides and most preferably

between 21 and 23 ribonucleotides. In some embodiments of the invention employing double-
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stranded siRNA, the molecule may have symmetric 3' overhangs, e.g. of one or two

(ribo)nucleotides, typically a UU of dTdT 3' overhang. Based on the disclosure provided

herein, the skilled person can readily design suitable siIRNA and miRNA sequences, for

example using resources such the Ambion siRNAfinder. siRNA and miRNA sequences can

be synthetically produced and added exogenously to cause gene downregulation or produced

using expression systems(e.g. vectors). In a preferred embodiment the siRNAis synthesized

synthetically.

Longer double stranded RNAs maybe processedin the cell to produce siRNAs (see for

example Myers (2003) Nature Biotechnology 21:324-328). The longer dsRNA molecule may

have symmetric 3’ or 5' overhangs, e.g. of one or two (ribo)nucleotides, or may have blunt

ends. The longer dsRNA molecules may be 25 nucleotides or longer. Preferably, the longer

dsRNA molecules are between 25 and 30 nucleotides long. More preferably, the longer

dsRNA molecules are between 25 and 27 nucleotides long. Most preferably, the longer

dsRNA molecules are 27 nucleotides in length. dsRNAs 30 nucleotides or morein length may

be expressed using the vector pDECAP (Shinagawaet al., Genes and Dev., 17, 1340-5,

2003).

Another alternative is the expression of a short hairpin RNA molecule (shRNA)in the cell.

shRNAsare more stable than synthetic siRNAs. A shRNA consists of short inverted repeats

separated by a small loop sequence. One inverted repeat is complimentary to the gene

target. In the cell the shRNA is processed by DICER into a siRNA which degradesthe target

gene mRNAand suppresses expression. In a preferred embodiment the shRNAis produced

endogenously (within a cell) by transcription from a vector. shRNAs may be produced within a

cell by transfecting the cell with a vector encoding the shRNA sequence undercontrol of a

RNA polymeraseIII promoter such as the human H1 or 7SK promoter or a RNA polymeraseII

promoter. Alternatively, the shRNA may be synthesised exogenously (/n vitro) by transcription

from a vector. The shRNA maythen be introduced directly into the cell. Preferably, the shRNA

molecule comprises a partial sequence of IL-11 or IL-11R. Preferably, the shRNA sequenceis

between 40 and 100 basesin length, more preferably between 40 and 70 basesin length.

The stem of the hairpin is preferably between 19 and 30 base pairs in length. The stem may

contain G-U pairings to stabilise the hairpin structure.

siRNA molecules, longer dSRNA molecules or miRNA molecules may be made recombinantly

by transcription of a nucleic acid sequence, preferably contained within a vector. Preferably,

the siRNA molecule, longer dsRNA molecule or miRNA molecule comprises a partial

sequenceof IL-11 or IL-11R.
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In one embodiment, the siRNA, longer dsRNA or miRNAis produced endogenously (within a

cell) by transcription from a vector. The vector may be introduced into the cell in any of the

ways knownin the art. Optionally, expression of the RNA sequence can be regulated using a

tissue specific (e.g. heart, liver, kidney or eye specific) promoter. In a further embodiment, the

siRNA, longer dsRNA or miRNAis produced exogenously (in vitro) by transcription from a

vector.

Suitable vectors may be oligonucleotide vectors configured to express the oligonucleotide

agent capable of IL-11 or IL-11R repression. Such vectors may be viral vectors or plasmid

vectors. The therapeutic oligonucleotide may be incorporated in the genomeof a viral vector

and be operably linked to a regulatory sequence, e.g. promoter, which drives its expression.

The term “operably linked” may include the situation where a selected nucleotide sequence

and regulatory nucleotide sequence are covalently linked in such a wayasto place the

expression of a nucleotide sequence underthe influence or control of the regulatory

sequence. Thus a regulatory sequenceis operably linked to a selected nucleotide sequence

if the regulatory sequenceis capableof effecting transcription of a nucleotide sequence which

forms partor all of the selected nucleotide sequence.

Viral vectors encoding promoter-expressed siRNA sequences are knownin the art and have

the benefit of long term expression of the therapeutic oligonucleotide. Examples include

lentiviral (Nature 2009 Jan 22; 457(7228):426-433), adenovirus (Shenet al., FEBS Lett 2003

Mar 27;539(1-3)111-4) and retroviruses (Barton and Medzhitov PNAS November12, 2002

vol.99, no.23 14943-14945).

In other embodiments a vector may be configured to assist delivery of the therapeutic

oligonucleotide to the site at which repression of IL-11 or IL-11R expression is required. Such

vectorstypically involve complexing the oligonucleotide with a positively charged vector(e.g.,

cationic cell penetrating peptides, cationic polymers and dendrimers, and cationiclipids);

conjugating the oligonucleotide with small molecules (e.g., cholesterol, bile acids, andlipids),

polymers, antibodies, and RNAs; or encapsulating the oligonucleotide in nanoparticulate

formulations (Wang et al., AAPS J. 2010 Dec; 12(4): 492-503).

In one embodiment, a vector may comprise a nucleic acid sequence in both the sense and

antisense orientation, such that when expressed as RNAthe sense and antisense sections

will associate to form a double stranded RNA.
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Alternatively, siRNA molecules may be synthesized using standard solid or solution phase

synthesis techniques which are knownin the art. Linkages between nucleotides may be

phosphodiester bondsoralternatives, for example,linking groups of the formula P(O)S,

(thioate); P(S)S, (dithioate); P(O)NR'2; P(Q)R’; P(OQ)OR6; CO; or CONR'2 wherein R is H (ora

salt) or alkyl (1-12C) and Ré6is alkyl (1-9C) is joined to adjacent nucleotides through-O-or-S-.

Modified nucleotide bases can be usedin addition to the naturally occurring bases, and may

confer advantageous properties on siRNA molecules containing them.

For example, modified bases mayincreasethestability of the siRNA molecule, thereby

reducing the amount required for silencing. The provision of modified bases may also provide

siRNA molecules which are more,or less, stable than unmodified siRNA.

The term ‘modified nucleotide base’ encompasses nucleotides with a covalently modified

base and/or sugar. For example, modified nucleotides include nucleotides having sugars

which are covalently attached to low molecular weight organic groups other than a hydroxyl

groupat the 3'position and other than a phosphate groupat the 5'position. Thus modified

nucleotides may also include 2'substituted sugars such as 2'-O-methyl- ; 2'-O-alkyl ; 2'-O-ally!

; 2'-S-alkyl; 2'-S-allyl; 2’-fluoro- ; 2’-halo or azido-ribose, carbocyclic sugar analogues, a-

anomeric sugars; epimeric sugars such as arabinose, xyloses or lyxoses, pyranose sugars,

furanose sugars, and sedoheptulose.

Modified nucleotides are knownin the art and include alkylated purines and pyrimidines,

acylated purines and pyrimidines, and other heterocycles. These classes of pyrimidines and

purines are knownin the art and include pseudoisocytosine, N4,N4-ethanocytosine, 8-

hydroxy-N6-methyladenine, 4-acetylcytosine,5-(carboxyhydroxylmethyl) uracil, 5 fluorouracil,

5-bromouracil, 5-carboxymethylaminomethyl-2-thiouracil, 5-carboxymethylaminomethyl uracil,

dihydrouracil, inosine, N6-isopentyl-adenine, 1- methyladenine, 1-methylpseudouracil, 1-

methylguanine, 2,2-dimethylguanine, 2-methyladenine, 2-methylguanine, 3-methylcytosine, 5-

methylcytosine, N6-methyladenine, 7-methylguanine, 5-methylaminomethyl uracil, 5-methoxy

amino methyl-2-thiouracil, -D-mannosylqueosine, 5-methoxycarbonylmethyluracil,

5methoxyuracil, 2 methylthio-N6-isopentenyladenine, uracil-5-oxyacetic acid methyl ester,

psueouracil, 2-thiocytosine, 5-methyl-2 thiouracil, 2-thiouracil, 4-thiouracil, 5methyluracil, N-

uracil-5-oxyacetic acid methylester, uracil 5-oxyacetic acid, queosine, 2-thiocytosine, 5-

propyluracil, 5-propylcytosine, 5-ethyluracil, 5ethylcytosine, 5-butyluracil, 5-pentyluracil, 5-
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pentylcytosine, and 2,6,diaminopurine, methylpsuedouracil, 1-methylguanine, 1-

methylcytosine.

Methodsrelating to the use of RNAi to silence genes in C. elegans, Drosophila, plants, and

mammals are knownin the art (Fire A, et al., 1998 Nature 391 :806-811; Fire, A. Trends

Genet. 15, 358-363 (1999); Sharp, P. A. RNA interference 2001. Genes Dev. 15, 485-490

(2001); Hammond,S. M., et al., Nature Rev. Genet. 2, 110-1119 (2001); Tuschl, T. Chem.

Biochem. 2, 239-245 (2001); Hamilton, A. et al., Science 286, 950-952 (1999); Hammond,S.

M., et al., Nature 404, 293-296 (2000); Zamore,P. D., et al., Cell 101, 25-33 (2000);

Bernstein, E., et al., Nature 409, 363-366 (2001); Elbashir, S. M., et al., Genes Dev. 15, 188-

200 (2001); WO0129058; WO9932619, and Elbashir S M, et al., 2001 Nature 41 1:494-498).

Accordingly, the invention provides nucleic acid that is capable, when suitably introduced into

or expressed within a mammalian, e.g. human, cell that otherwise expresses IL-11 or IL-11R,

of suppressing IL-11 or IL-11R expression by RNAi.

The nucleic acid may have substantial sequenceidentity to a portion of IL-11 or IL-11R

mRNA, as defined in GenBank accession no. NM_000641.3 GI:391353405 (IL-11) or

U32324.1 GI:975336 (IL-11R), or the complementary sequence to said MRNA.

The nucleic acid may be a double-stranded siRNA. (Asthe skilled person will appreciate, and

as explained further below, a siRNA molecule may include a short 3’ DNA sequencealso.)

Alternatively, the nucleic acid may be a DNA (usually double-stranded DNA) which, when

transcribed in a mammalian cell, yields an RNA having two complementaryportions joined via

a spacer, such that the RNAtakes the form of a hairpin when the complementary portions

hybridise with each other. In a mammalian cell, the hairpin structure may be cleaved from the

molecule by the enzyme DICER, to yield twodistinct, but hybridised, RNA molecules.

In some preferred embodiments, the nucleic acid is generally targeted to the sequence of one

of SEQ ID NOs2 to 5 (IL-11; Figure 11) or to one of SEQ ID NOs7 to 10 (IL-11R; Figure 12).

Only single-stranded(i.e. non self-hybridised) regions of an mRNAtranscript are expected to

be suitable targets for RNAi. It is therefore proposed that other sequences very closein the

IL-11 or IL-11R MRNAtranscript to the sequence represented by one of SEQ ID NOs 2 to 5 or

7 to 10 mayalso be suitable targets for RNAi. Such target sequencesare preferably 17-23

nucleotidesin length and preferably overlap one of SEQ ID NOs 2 to 5 or 7 to 10 byatleast 1,
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2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 or all 19 nucleotides (at either end of

one of SEQ ID NOs2 to 5 or7 to 10).

Accordingly, the invention provides nucleic acid that is capable, when suitably introduced into

or expressed within a mammalian cell that otherwise expresses IL-11 or IL-11R, of

suppressing IL-11 or IL-11R expression by RNAi, wherein the nucleic acid is generally

targeted to the sequence of one of SEQ ID NOs2 to 5 or7 to 10.

By “generally targeted” the nucleic acid may target a sequence that overlaps with SEQ ID

NOs 2 to 5 or 7 to 10. In particular, the nucleic acid may target a sequencein the MRNAof

human IL-11 or IL-11R_ that is slightly longer or shorter than one of SEQ ID NOs2 to 5 or 7 to

10 (preferably from 17-23 nucleotides in length), but is otherwise identical to one of SEQ ID

NOs 2 to 5 or 7 to 10.

It is expected that perfect identity/complementarity between the nucleic acid of the invention

and the target sequence, although preferred, is not essential. Accordingly, the nucleic acid of

the invention may include a single mismatch compared to the MRNA of IL-11 or IL-11R. Itis

expected, however, that the presence of even a single mismatchis likely to lead to reduced

efficiency, so the absence of mismatchesis preferred. When present, 3’ overhangs may be

excluded from the consideration of the number of mismatches.

The term “complementarity” is not limited to conventional base pairing between nucleic acid

consisting of naturally occurring ribo- and/or deoxyribonucleotides, but also includes base

pairing between mRNAand nucleic acids of the invention that include non-natural nucleotides.

In one embodiment, the nucleic acid (herein referred to as double-stranded siRNA) includes

the double-stranded RNA sequences shownin Figure 13 (IL-11; SEQ ID NOs11 to 14).

In another embodiment, the nucleic acid (herein referred to as double-stranded siRNA)

includes the double-stranded RNA sequences shownin Figure 14 (IL-11R; SEQ ID NOs 15 to

18).

However, it is also expected that slightly shorter or longer sequencesdirected to the same

region of IL-11 or IL-11R MRNAwill also be effective. In particular, it is expected that double-

stranded sequences between 17 and 23 bpin length will also be effective.
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The strands that form the double-stranded RNA may have short 3’ dinucleotide overhangs,

which may be DNA or RNA. The use of a 3’ DNA overhang hasnoeffect on siRNA activity

comparedto a 3’ RNA overhang, but reduces the cost of chemical synthesis of the nucleic

acid strands (Elbashir et al., 2001c). For this reason, DNA dinucleotides may be preferred.

Whenpresent, the dinucleotide overhangs may be symmetrical to each other, though this is

not essential. Indeed, the 3’ overhang of the sense (upper) strand is irrelevant for RNAi

activity, as it does not participate in mRNA recognition and degradation (Elbashiretal.,

2001a, 2001b, 2001c).

While RNAi experiments in Drosophila show that antisense 3’ overhangs mayparticipate in

mRNArecognition and targeting (Elbashir et al. 2001c), 3’ overhangs do not appearto be

necessary for RNAi activity of siRNA in mammalian cells. Incorrect annealing of 3’ overhangs

is therefore thought to havelittle effect in mammalian cells (Elbashir et al. 2001c; Czauderna

et al. 2003).

Any dinucleotide overhang may therefore be used in the antisense strand of the siRNA.

Nevertheless, the dinucleotide is preferably -UU or —UG (or —TT or —TG if the overhangis

DNA), more preferably -UU (or -TT). The —UU (or —TT) dinucleotide overhang is most

effective and is consistent with (i.e. capable of forming part of) the RNA polymeraseIII end of

transcription signal (the terminator signal is TTTTT). Accordingly, this dinucleotide is most

preferred. The dinucleotides AA, CC and GG mayalso be used, but are less effective and

consequently less preferred.

Moreover, the 3’ overhangs may be omitted entirely from the siRNA.

The invention also provides single-stranded nucleic acids (herein referred to as single-

stranded siRNAs) respectively consisting of a component strand of one of the aforementioned

double-stranded nucleic acids, preferably with the 3’-overhangs, but optionally without. The

invention also provides kits containing pairs of such single-stranded nucleic acids, which are

capable of hybridising with each otherin vitro to form the aforementioned double-stranded

siRNAs, which may then be introducedinto cells.

The invention also provides DNAthat, when transcribed in a mammaliancell, yields an RNA

(herein also referred to as an shRNA) having two complementary portions which are capable

of self-hybridising to produce a double-stranded motif, e.g. including a sequence selected
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from the group consisting of SEQ ID No.s 11 to 14 or 15 to 18 or a sequencethatdiffers from

any one of the aforementioned sequencesby a single base pair substitution.

The complementary portions will generally be joined by a spacer, which has suitable length

and sequenceto allow the two complementary portions to hybridise with each other. The two

complementary (i.e. sense and antisense) portions may be joined 5’-3’ in either order. The

spacerwill typically be a short sequence, of approximately 4-12 nucleotides, preferably 4-9

nucleotides, more preferably 6-9 nucleotides.

Preferably the 5’ end of the spacer (immediately 3’ of the upstream complementary portion)

consists of the nucleotides —UU- or —UG-, again preferably —UU- (though, again, the use of

these particular dinucleotides is not essential). A suitable spacer, recommendedfor usein

the pSuper system of OligoEngine (Seattle, Washington, USA) is UUCAAGAGA. In this and

other cases, the ends of the spacer may hybridise with each other, e.g. elongating the double-

stranded motif beyond the exact sequences of SEQ ID NOs 11 to 14 or 15 to 18 by a small

number(e.g. 1 or 2) of base pairs.

Similarly, the transcribed RNA preferably includes a 3’ overhang from the downstream

complementary portion. Again, this is preferably -UU or —UG, more preferably —UU.

Such shRNA molecules may then be cleaved in the mammalian cell by the enzyme DICER to

yield a double-stranded siRNA as described above, in which one or eachstrand of the

hybridised dsRNAincludes a 3’ overhang.

Techniquesfor the synthesis of the nucleic acids of the invention are of course well knownin

the art.

The skilled person is well able to construct suitable transcription vectors for the DNA of the

invention using well-known techniques and commercially available materials. In particular, the

DNAwill be associated with control sequences, including a promoter and a transcription

termination sequence.

Of particular suitability are the commercially available pSuper and pSuperior systems of

OligoEngine (Seattle, Washington, USA). These use a polymerase-lll promoter (H1) anda Ts

transcription terminator sequence that contributes two U residuesat the 3’ end of the

transcript (which, after DICER processing, provide a 3’ UU overhang of one strand of the

siRNA).

5154516.1

Ex. 2001 - Page1735



Ex. 2001 - Page1736

20

25

30

35

-44-

Another suitable system is described in Shin et al. (RNA, 2009 May; 15(5): 898-910), which

uses another polymerase-|Il promoter (U6).

The double-stranded siRNAsof the invention may be introduced into mammalian cells in vitro

or in vivo using known techniques, as described below, to suppress expression of IL-11 or IL-

11R.

Similarly, transcription vectors containing the DNAsofthe invention may be introduced into

tumourcells jn vitro or in vivo using known techniques, as described below, for transient or

stable expression of RNA, again to suppress expression of IL-11 or IL-11R.

Accordingly, the invention also provides a method of suppressing IL-11 or IL-11R expression

ina mammalian, ¢.g. human, cell, the method comprising administering to the cell a double-

stranded siRNAof the invention or a transcription vector of the invention.

Similarly, the invention further provides a method of treating fibrosis, the method comprising

administering to a subject a double-stranded siRNAof the invention or a transcription vector

of the invention.

The invention further provides the double-stranded siRNAsof the invention and the

transcription vectors of the invention, for use in a method of treatment, preferably a method of

treating fibrosis.

The invention further provides the use of the double-stranded siRNAsof the invention and the

transcription vectors of the invention in the preparation of a medicamentfor the treatment of

fibrosis.

The invention further provides a composition comprising a double-stranded siRNAof the

invention or a transcription vector of the invention in admixture with one or more

pharmaceutically acceptable carriers. Suitable carriers include lipophilic carriers or vesicles,

which mayassist in penetration of the cell membrane.

Materials and methods suitable for the administration of siRNA duplexes and DNAvectorsof

the invention are well knownin the art and improved methods are under development, given

the potential of RNAi technology.
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Generally, many techniques are available for introducing nucleic acids into mammalian cells.

The choice of technique will depend on whether the nucleic acid is transferred into cultured

cells in vitro or in vivo in the cells of a patient. Techniques suitable for the transfer of nucleic

acid into mammalian cells in vitro include the useof liposomes, electroporation,

microinjection, cell fusion, DEAE dextran and calcium phosphate precipitation. /n vivo gene

transfer techniques include transfection with viral (typically retroviral) vectors andviral coat

protein-liposome mediated transfection (Dzau et al. (2003) Trends in Biotechnology 11, 205-

210).

In particular, suitable techniques for cellular administration of the nucleic acids of the invention

both in vitro and in vivo are disclosed in the following articles:

General reviews: Borkhardt, A. 2002. Blocking oncogenesin malignant cells by RNA

interference--new hopefor a highly specific cancer treatment? Cancer Cell. 2:167-8. Hannon,

G.J. 2002. RNAinterference. Nature. 418:244-51. McManus, M.T., and P.A. Sharp. 2002.

Gene silencing in mammals by small interfering RNAs. Nat Rev Genet. 3:737-47. Scherr, M.,

M.A. Morgan, and M. Eder. 2003b. Gene silencing mediated by small interfering RNAsin

mammalian cells. Curr Med Chem. 10:245-56. Shuey, D.J., D.E. McCallus, and T. Giordano.

2002. RNAi: gene-silencing in therapeutic intervention. Drug Discov Today. 7:1040-6.

Systemic delivery using liposomes: Lewis, D.L., J.E. Hagstrom, A.G. Loomis, J.A. Wolff, and

H. Herweijer. 2002. Efficient delivery of siRNAfor inhibition of gene expression in postnatal

mice. Nat Genet. 32:107-8. Paul, C.P., P.D. Good, I. Winer, and D.R. Engelke. 2002. Effective

expression of small interfering RNA in human cells. Nat Biotechnol. 20:505-8. Song, E., S.K.

Lee, J. Wang, N. Ince, N. Ouyang, J. Min, J. Chen, P. Shankar, and J. Lieberman. 2003. RNA

interference targeting Fas protects mice from fulminant hepatitis. Nat Med. 9:347-51.

Sorensen, D.R., M. Leirdal, and M. Sioud. 2003. Gene silencing by systemic delivery of

synthetic siRNAsin adult mice. J Mol Biol. 327:761-6.

Virus mediated transfer: Abbas-Terki, T., W. Blanco-Bose, N. Deglon, W. Pralong, and P.

Aebischer. 2002. Lentiviral-mediated RNAinterference. Hum Gene Ther. 13:2197-201.

Barton, G.M., and R. Medzhitov. 2002. Retroviral delivery of small interfering RNA into

primary cells. Proc Natl Acad Sci U S A. 99:14943-5. Devroe, E., and P.A. Silver. 2002.

Retrovirus-delivered siRNA. BMC Biotechnol. 2:15. Lori, F., P. Guallini, L. Galluzzi, and J.

Lisziewicz. 2002. Gene therapy approachesto HIV infection. Am J Pharmacogenomics.

2:245-52. Matta, H., B. Hozayev, R. Tomar, P. Chugh, and P.M. Chaudhary. 2003. Useof

lentiviral vectors for delivery of small interfering RNA. Cancer Biol Ther. 2:206-10. Qin, X.F.,
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D.S. An, |.S. Chen, and D. Baltimore. 2003. Inhibiting HIV-1 infection in human T cells by

lentiviral-mediated delivery of small interfering RNA against CCR5. Proc Natl Acad Sci US A.

100:183-8. Scherr, M., K. Battmer, A. Ganser, and M. Eder. 2003a. Modulation of gene

expression by lentiviral-mediated delivery of small interfering RNA. Cell Cycle. 2:251-7. Shen,

C., A.K. Buck, X. Liu, M. Winkler, and S.N. Reske. 2003. Gene silencing by adenovirus-

delivered siRNA. FEBSLett. 539:111-4.

Peptide delivery: Morris, M.C., L. Chaloin, F. Heitz, and G. Divita. 2000. Translocating

peptides and proteins and their use for gene delivery. Curr Opin Biotechnol. 11:461-6.

Simeoni, F., M.C. Morris, F. Heitz, and G. Divita. 2003. Insight into the mechanism of the

peptide-based gene delivery system MPG: implications for delivery of siRNA into mammalian

cells. Nucleic Acids Res. 31:2717-24. Other technologies that may be suitable for delivery of

siRNAto the target cells are based on nanoparticles or nanocapsules such as those

described in US patent numbers 6,649,192B and 5,843,509B.

Formulations

In therapeutic applications, agents capableof inhibiting the action of IL-11 or agents capable

of preventing or reducing the expression of IL-11 or IL-11R are preferably formulated as a

medicament or pharmaceutical together with one or more other pharmaceutically acceptable

ingredients well knownto thoseskilled in the art, including, but not limited to, pharmaceutically

acceptable carriers, adjuvants, excipients, diluents, fillers, buffers, preservatives, anti-

oxidants, lubricants, stabilisers, solubilisers, surfactants (e.g., wetting agents), masking

agents, colouring agents, flavouring agents, and sweetening agents.

The term "pharmaceutically acceptable" as used herein pertains to compounds, ingredients,

materials, compositions, dosage forms, etc., which are, within the scope of sound medical

judgment, suitable for use in contact with the tissues of the subject in question (e.g., human)

without excessive toxicity, irritation, allergic response, or other problem or complication,

commensurate with a reasonable benefit/risk ratio. Each carrier, adjuvant, excipient, etc.

must also be "acceptable" in the sense of being compatible with the other ingredients of the

formulation.

Suitable carriers, adjuvants, excipients, etc. can be found in standard pharmaceutical texts,

for example, Remington's Pharmaceutical Sciences, 18th edition, Mack Publishing Company,

Easton, Pa., 1990; and Handbook of Pharmaceutical Excipients, 2nd edition, 1994.
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The formulations may be prepared by any methods well knownin the art of pharmacy. Such

methodsinclude the step of bringing into association the active compound with a carrier which

constitutes one or more accessory ingredients. In general, the formulations are prepared by

uniformly and intimately bringing into association the active compoundwith carriers (e.g.,

liquid carriers, finely divided solid carrier, etc.), and then shaping the product, if necessary.

The formulations may be prepared for topical, parenteral, systemic, intravenous, intra-arterial,

intramuscular, intrathecal, intraocular, intra-conjunctival, subcutaneous,oral or transdermal

routes of administration which mayincludeinjection. Injectable formulations may comprise

the selected agentin a sterile or isotonic medium.

Administration is preferably in a "therapeutically effective amount", this being sufficient to

show benefit to the individual. The actual amount administered, and rate and time-course of

administration, will depend on the nature and severity of the disease being treated.

Prescription of treatment, e.g. decisions on dosageetc, is within the responsibility of general

practitioners and other medical doctors, and typically takes accountof the disorder to be

treated, the condition of the individual patient, the site of delivery, the method of administration

and other factors known topractitioners. Examples of the techniques and protocols

mentioned above can be found in Remington’s Pharmaceutical Sciences, 20th Edition, 2000,

pub. Lippincott, Williams & Wilkins.

Fibrosis

As used herein, “fibrosis” refers to the formation of excess fibrous connective tissue as a

result of the excess deposition of extracellular matrix components, for example collagen.

Fibrous connective tissue is characterised by having extracellular matrix (ECM) with a high

collagen content. The collagen may be providedin strandsor fibers, which may be arranged

irregularly or aligned. The ECM offibrous connective tissue may also include

glycosaminoglycans.

As used herein, “excess fibrous connective tissue” refers to an amount of connective tissue at

a given location (e.g. a given tissue or organ, or part of a given tissue or organ) whichis

greater than the amount of connective tissue present at that location in the absence of

fibrosis, e.g. under normal, non-pathological conditions. As used herein, “excess deposition of

extracellular matrix components”refers to a level of deposition of one or more extracellular

matrix components whichis greater than the level of deposition in the absenceof fibrosis, e.g.

under normal, non-pathological conditions.
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The cellular and molecular mechanismsof fibrosis are described in Wynn, J. Pathol. (2008)

214(2): 199-210, and Wynn and Ramalingam, Nature Medicine (2012) 18:1028-1040, which

are hereby incorporated by referencein their entirety.

The main cellular effectors of fibrosis are myofibroblasts, which produce a collagen-rich

extracellular matrix.

In responseto tissue injury, damaged cells and leukocytes produce pro-fibrotic factors such

as TGF, IL-13 and PDGF,which activate fibroblasts to aSMA-expressing myofibroblasts, and

recruit myofibroblasts to the site of injury. Myofibroblasts produce a large amountof

extracellular matrix, and are important mediators in aiding contracture and closure of the

wound. However, under conditions of persistent infection or during chronic inflammation there

can be overactivation and recruitment of myofibroblasts, and thus over-production of

extracellular matrix components, resulting in the formation of excessfibrous connective tissue.

In some embodimentsfibrosis may be triggered by pathological conditions, e.g. conditions,

infections or disease states that lead to production of pro-fibrotic factors such as TGFB1. In

some embodiments, fibrosis may be caused by physical injury/stimuli, chemical injury/stimulli

or environmentalinjury/stimuli. Physical injury/stimuli may occur during surgery, e.g.

iatrogenic causes. Chemical injury/stimuli may include drug induced fibrosis, e.g. following

chronic administration of drugs such as bleomycin, cyclophosphamide, amiodarone,

procainamide, penicillamine, gold and nitrofurantoin (Daba et al., Saudi Med J 2004 Jun;

25(6): 700-6). Environmental injury/stimuli may include exposure to asbestosfibres or silica.

Fibrosis can occur in manytissues of the body. For example, fibrosis can occurin the liver

(e.g. cirrhosis), lungs, kidney, heart, blood vessels, eye, skin, pancreas, intestine, brain, and

bone marrow. Fibrosis may also occur in multiple organs at once.

In embodiments herein, fibrosis may involve an organ of the gastrointestinal system,e.g. of

the liver, small intestine, large intestine, or pancreas. In some embodiments, fibrosis may

involve an organ of the respiratory system, e.g. the lungs. In embodiments, fibrosis may

involve an organ of the cardiovascular system, e.g. of the heart or blood vessels. In some

embodiments, fibrosis may involve the skin. In some embodiments, fibrosis mayinvolve an

organ of the nervous system, e.g. the brain. In some embodiments, fibrosis may involve an

organ of the urinary system, e.g. the kidneys. In some embodiments, fibrosis may involve an

organ of the musculoskeletal system, e.g. muscle tissue.
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In some preferred embodiments, the fibrosis is cardiac or myocardial fibrosis, hepatic fibrosis,

or renalfibrosis. In some embodiments cardiac or myocardialfibrosis is associated with

dysfunction of the musculature or electrical properties of the heart, or thickening of the walls of

valves of the heart. In some embodimentsfibrosis is of the atrium and/or ventricles of the

heart. Treatment or prevention of atrial or ventricular fibrosis may help reduce risk or onset of

atrialfibrillation, ventricularfibrillation, or myocardial infarction.

In some preferred embodiments hepatic fibrosis is associated with chronic liver disease or

liver cirrhosis. In some preferred embodimentsrenalfibrosis is associated with chronic kidney

disease.

Diseases/conditions characterised by fibrosis in accordance with the present invention include

but are notlimited to: respiratory conditions such as pulmonaryfibrosis, cystic fibrosis,

idiopathic pulmonary fibrosis, progressive massivefibrosis, scleroderma, obliterative

bronchiolitis, Hermansky-Pudlak syndrome, asbestosis, silicosis, chranic pulmonary

hypertension, AIDS associated pulmonary hypertension, sarcoidosis, turnor stroma in lung

disease, and asthma; chronicliver disease, primary biliary cirrhosis (PBC), schistosomalliver

disease, liver cirrhosis; cardiovascular conditions such as hypertrophic cardiomyopathy,

dilated cardiomyopathy (DCM), fibrosis of the atrium, atrial fibrillation, fibrosis of the ventricle,

ventricularfibrillation, myocardial fibrosis, Brugada syndrome, myocarditis, endomyocardial

fibrosis, myocardial infarction, fibrotic vascular disease, hypertensive heart disease,

arrhythmogenic rignt ventricular cardiomyopathy (ARVC), tubulointerstitial and glomerular

fibrosis, atherosclerosis, varicose veins, cerebral infarcts; neurological conditions such as

gliosis and Atzheimer's disease; muscular dystrophy such as Duchenne muscular dystrophy

(BMD) or Becker’s muscular dystrophy (BMD): gastrointestinal conditions such as Chron’s

disease, microscopic colitis and primary scierosing cholangitis (PSC); skin conditions such as

scleroderma, nephrogenic systemic fibrosis and cutis keloid; arthrofibrosis; Dupuytren’s

contracture; mediastinal fibrosis; retroperitonealfibrosis; myelofibrosis; Peyronie’s disease;

adhesive capsulitis; kidney disease (e.g., renal fibrosis, nephrilic syndrome, Alport's

syndrome, HIV associated nephropathy, polycystic kidney disease, Fabry's disease, diabetic

nephropathy, chronic glomerulonephritis, nepnritis associated with systemic lupus);

progressive systemic sclerosis (PSS); chronic graft versus host disease; diseases of the eye

such as Grave's opthaimopathy, epiretinal fibrosis, retinal fiorosis, subretinal fibrosis (e.g.

associated with macular degeneration (e.g. wet age-related macular degeneration (AMD)),

diabetic retinopathy, glaucoma, cornealfibrosis, post-surgicalfibrosis (e.g. of the posterior

capsule folowing cataract surgery, or of the bieb fallowing trabeculectomy for glaucoma),

conjunctival fibrasis, subconjunctival fibrosis; arthritis; fibrotic pre-neoplastic and fibrotic
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neoplastic disease: and fibrosis induced by chemical or environmental insult (@.g., cancer

chemotherapy, pesticides, racdiation/cancer radiotherapy).

it will be appreciated that the many of the diseases/conditions listed above are interrelated.

For example, fibrosis of the ventricle may occur post myocardial infarction, and is associated

with DCM, HCM and myocarditis.

in particular embodiments, the disease/disorder may be oneof pulmonaryfibrosis, atrial

fibrillation, ventricularfibrillation, hypertrophic cardiomyopathy (HCM), dilated cardiomyopathy

(DCM), non-alcoholic steatohepatitis (NASH), cirrhosis, chronic kidney disease, scleroderma,

systemic sclerosis, keloid, cystic fiorasis, Ghron’s disease, post-surgical fibrosis or retinal

fibrosis.

Treatment, prevention or alleviation of fibrosis according ta the present invention may be of

fibrasis that is associated with an upregulation of IL-11, 6¢.g. an upregulation of IL-11 in cells or

tissue in which the fibrosis occurs or may occur, or upregulation of extracellular IL-14 or iL-

TR.

Treatment or alleviation of fibrosis may be effective to prevent progression of the fibrasis, e.g.

to prevent worsening of the condition ar to siow the rate of development of the fibrosis. In

some embodiments treatment or alleviation may lead to an improvernent in the fibrosis, e.g. a

reduction in the amount of deposited collagen fibres.

Prevention of fibrosis may refer fo prevention of a worsening of the condition or prevention of

the development of fibrosis, ¢.g. preventing an early stage fibrosis developing toalater,

chronic, stage.

Subject

The subject to be treated may be any animal or human. The subject is preferably

mammalian, more preferably human. The subject may be a non-human mammal, but is more

preferably human. The subject may be male or female. The subject may be a patient.

Sample

A sample obtained from a subject may be of any kind. A biological sample may be taken from

any tissue or bodily fluid, e.g. a blood sample, blood-derived sample, serum sample, lymph

sample, semen sample, saliva sample, synovial fluid sample. A blood-derived sample may be

a selected fraction of a patient's blood, e.g. a selected cell-containing fraction or a plasma or
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serum fraction. A sample may comprise a tissue sample or biopsy; or cells isolated from a

subject. Samples may be collected by known techniques, such as biopsy or needle aspirate.

Samples may be stored and/or processed for subsequent determination of IL-11 expression

levels.

Samples may be used to determine the upregulation of IL-11 or IL-11R in the subject from

which the sample was taken.

In some preferred embodiments a sample maybe a tissue sample, e.g. biopsy, taken from

heart, liver or kidneytissue. In some embodiments a sample may be a tissue sample, e.g.

biopsy, taken from the eye.

A sample may contain cells, and may preferably contain fibroblasts and/or myofibroblasts. In

some embodiments, fibroblasts or myofibroblasts may be obtained from heart, liver or kidney

tissue, e.g. they may be cardiac fibroblasts or cardiac myofibroblasts (e.g. see Calbyetal.,

Circulation Research 2009;105:1164-1176), hepatic fibroblasts or hepatic myofibroblasts (e.g.

see Zeisberg et al., The Journal of Biological Chemistry, August 10, 2007, 282, 23337-23347;

Brenner., Fibrogenesis & Tissue Repair 2012, 5(Suppl 1):S17) or renal fibroblasts or renal

myofibroblasts (e.g. see Strutz and Zeisberg. JASN November 2006vol. 17 no. 11 2992-

2998). In some embodiments, fibroblasts or myofibroblasts may be obtained from eyetissue,

e.g. they may be cornealfibroblasts.

Upregulation of IL-11 or IL-11R expression

Some aspects and embodiments of the present invention concern detection of expression of

IL-11 or IL-11R, e.g. in a sample obtained from a subject.

In some aspects and embodiments the present invention concerns the upregulation of

expression (over-expression) of IL-11 or IL-11R (as a protein or oligonucleotide encoding the

respective IL-11 or IL-11R) and detection of such upregulation as an indicator of suitability for

treatment with an agent capableof inhibiting the action of IL-11 or with an agent capable of

preventing or reducing the expression of IL-11 or IL-11R.

Upregulation of IL-11 or IL-11R expression comprises expression of IL-11 or IL-11R at a level

that is greater than would normally be expected for a cell or tissue of a given type.

Upregulation may be determined by determining the level of expression of IL-11 or IL-11Rina

cell or tissue. A comparison may be made betweenthe level of IL-11 or IL-11R expression in

acell or tissue sample from a subject and a reference level of IL-11 or IL-11R, e.g. a value or
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range of values representing a normal level of expression of IL-11 or IL-11R for the same or

corresponding cell or tissue type. In some embodiments reference levels may be determined

by detecting IL-11 or IL-11R expression in a control sample, e.g. in corresponding cells or

tissue from a healthy subject or from healthy tissue of the same subject. In some

embodiments reference levels may be obtained from a standard curve ordata set.

Levels of expression may be quantitated for absolute comparison, or relative comparisons

may be made.

In some embodiments upregulation of IL-11 or IL-11R may be considered to be present when

the level of expression in the test sampleis at least 1.1 times that of a reference level. More

preferably, the level of expression may be selected from oneof at least 1.2, at least 1.3, at

least 1.4, at least 1.5, at least 1.6, at least 1.7, at least 1.8, at least 1.9, at least 2.0, at least

2.1, at least 2.2, at least 2.3, at least 2.4 at least 2.5, at least 2.6, at least 2.7, at least 2.8, at

least 2.9, at least 3.0, at least 3.5, at least 4.0, at least 5.0, at least 6.0, at least 7.0, at least

8.0, at least 9.0, or at least 10.0 times that of the reference level.

IL-11 or IL-11R expression levels may be determined by one of a numberof knownin vitro

assay techniques, such as PCR based assays,in situ hybridisation assays, flow cytometry

assays, immunological or immunohistochemical assays.

By way of example suitable techniques involve a method of detecting the level of IL-11 or IL-

11R in a sample by contacting the sample with an agent capable of binding IL-11 or IL-11R

and detecting the formation of a complex of the agent and IL-11 or IL-11R. The agent may be

any suitable binding molecule, é.g. an antibody, polypeptide, peptide, oligonucleotide,

aptameror small molecule, and may optionally be labelled to permit detection, e.g.

visualisation, of the complexes formed. Suitable labels and meansfor their detection are well

knownto thosein the art and include fluorescent labels (e.g. fluorescein, rhodamine, eosine

and NDB,green fluorescent protein (GFP), chelates of rare earths such as europium (Eu),

terbium (Tb) and samarium (Sm), tetramethyl rhodamine, Texas Red, 4-methyl umbelliferone,

7-amino-4-methyl coumarin, Cy3, Cy5), isotope markers, radioisotopes (e.g. °°P, *°P, *°S),

chemiluminescence labels (e.g. acridinium ester, luminol, isoluminol), enzymes(e.g.

peroxidase, alkaline phosphatase, glucose oxidase, beta-galactosidase,luciferase),

antibodies, ligands and receptors. Detection techniques are well known to thoseof skill in the

art and can be selected to correspond with the labelling agent. Suitable techniques include

PCR amplification of oligonucleotide tags, mass spectrometry, detection of fluorescence or
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colour, e.g. upon enzymatic conversion of a substrate by a reporter protein, or detection of

radioactivity.

Assays may be configured to quantify the amountof IL-11 or IL-11R in a sample. Quantified

amounts of IL-11 or IL-11R from a test sample may be compared with reference values, and

the comparison used to determine whetherthe test sample contains an amountof IL-11 or IL-

11R that is higher or lower than that of the reference value to a selected degree ofstatistical

significance.

Quantification of detected IL-11 or IL-11R may be used to determine up- or down-regulation or

amplification of genes encoding IL-11 or IL-11R. In cases where the test sample contains

fibrotic cells, such up-regulation, down-regulation or amplification may be compared to a

reference value to determine whetheranystatistically significant difference is present.

Subjectselection

A subject may be selected for treatment based on a determination that the subject has an

upregulated level of IL-11 or IL-11R expression. IL-11 or IL-11R may therefore act as a

markerof a fibrosis that is suitable for treatment with an agent capable of inhibiting the action

of IL-11 or with an agent capable of preventing or reducing the expression of IL-11 or IL-11R.

Upregulation may be in a given tissue or in selected cells from a given tissue. A preferred

tissue may be oneof heart, liver or kidney. A preferred tissue may be eye. A preferred cell

type maybefibroblasts or myofibroblasts. Upregulation may also be determined ina

circulating fluid, e.g. blood, or in a blood derived sample. Upregulation of may be of

extracellular IL-i1 or IL-fTR.

Determination of IL-11 or IL-11R levels may be performed by assay, preferably in vitro, ona

sample obtained from a subject, as described herein.

Following selection, a subject may be provided with treatmentfor fibrosis by administration of

an agent capable of inhibiting the action of IL-11 or an agent capable of preventing or

reducing the expression of IL-11 or IL-11R.

In some embodiments a subject may have been diagnosed with fibrosis, be suspected of

having fibrosis or be consideredatrisk of developing fibrosis andit is of interest whether the

subject will benefit from treatment with an agent capable of inhibiting the action of IL-11 or
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with an agent capable of preventing or reducing the expression of IL-11 or IL-11R. In such

embodiments, the suitability of the subject for such treatment may be determined by

determining whether IL-11 or IL-11R expression is upregulated in the subject. In some

embodiments, IL-11 or IL-11R expressionis locally or systemically upregulated in the subject.

Diagnosis and Prognosis

The detection of upregulation of IL-11 or IL-11R expression may also be used in a method of

diagnosing fibrosis or the risk of developing fibrosis in a subject, and in methodsof

prognosing or predicting a subject’s response to treatment with an agent capable of inhibiting

the action of IL-11 or an agent capable of preventing or reducing the expression of IL-11 or IL-

11R.

In some embodiments a subject may be suspected of having fibrosis, e.g. based on the

presence of other symptomsindicative of fibrosis in the subject’s body or in selected

cells/tissues of the subject’s body, or be considered at risk of developing fibrosis, e.g.

because of genetic predisposition or exposure to environmental conditions, such as asbestos

fibres.

Determination of upregulation of IL-11 or IL-11R may confirm a diagnosis or suspected

diagnosis of fibrosis or may confirm that the subject is at risk of developing fibrosis. The

determination may also diagnose the condition or predisposition as one suitable for treatment

with an agent capableof inhibiting the action of IL-11 or an agent capable of preventing or

reducing the expression of IL-11 or IL-11R.

As such, a method of providing a prognosis for a subject having, or suspected of having

fibrosis may be provided, the method comprising determining whether IL-11 or IL-11R is

upregulated in a sample obtained from the subject and, based on the determination, providing

a prognosis for treatment of the subject with an agent capable ofinhibiting the action of IL-11

or an agent capable of preventing or reducing the expression of IL-11 or IL-11R.

In some aspects methods of diagnosis or methods of prognosing or predicting a subject's

responseto treatment with an agent capable of inhibiting the action of IL-11 or an agent

capable of preventing or reducing the expression of IL-11 or IL-11R may not require

determination of IL-11 or IL-11R levels, but may be based on determining genetic factors in

the subject that are predictive of upregulation of IL-11 or IL-11R expression, or upregulation of

IL-11 or IL-11R activity. Such genetic factors may include the determination of genetic
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mutations, single nucleotide polymorphisms (SNPs) or gene amplification in IL-11 and/or IL-

11R that are correlated with and/or predictive of upregulation of IL-11 or IL-11R expression or

activity or IL-11 mediated signaling activity. The use of genetic factors to predict

predisposition to a disease state or response to treatment is knownin the art, e.g. see Peter

Starkel Gut 2008;57:440-442; Wright et al., Mol. Cell. Biol. March 2010 vol. 30 no. 6 1411-

1420.

Genetic factors may be assayed by methods knownto those of ordinary skill in the art,

including PCR based assays, e.g. quantitative PCR, competitive PCR. By determining the

presenceof genetic factors, e.g. in a sample obtained from a subject, a diagnosis offibrosis

may be confirmed, and/or a subject may beclassified as being at risk of developingfibrosis,

and/or a subject may be identified as being suitable for treatment with an agent capable of

inhibiting the action of IL-11 or an agent capable of preventing or reducing the expression of

IL-11 or IL-11R.

Some methods may comprise determination of the presence of one or more SNPslinked to

secretion of IL-11 or susceptibility to developmentoffibrosis. SNPs are usually bi-allelic and

therefore can be readily determined using one of a number of conventional assays knownto

thoseofskill in the art (e.g. see Anthony J. Brookes. The essence of SNPs. Gene Volume

234, Issue 2, 8 July 1999, 177-186; Fan et al., Highly Parallel SNP Genotyping. Cold Spring

Harb Symp QuantBiol 2003. 68: 69-78; Matsuzakiet al., Parallel Genotyping of Over 10,000

SNPs using a one-primer assay on a high-density oligonucleotide array. Genome Res. 2004.

14: 414-425).

The methods may comprise determining which SNP allele is present in a sample obtained

from a subject. In some embodiments determining the presence of the minor allele may be

associated with increased IL-11 secretion or susceptibility to developmentof fibrosis.

Accordingly, in one aspectof the present invention a method for screening a subjectis

provided, the method comprising:

obtaining a nucleic acid sample from the subject;

determining which allele is present in the sample at the polymorphic nucleotide

position of one or more of the SNPslisted in Figure 33, and/or Figure 34 and/or Figure

35 or an SNP in linkage disequilibrium with one of the listed SNPs with an 7 = 0.8.
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The determining step may comprise determining whether the minorallele is present in the

sample at the selected polymorphic nucleotide position. It may comprise determining whether

0, 1 or 2 minor alleles are present.

The screening method maybe, or form part of, a method for determining susceptibility of the

subject to developmentoffibrosis, or a method of diagnosis or prognosis as described herein.

The method mayfurther comprise the step of identifying the subject as having susceptibility

to, or an increasedrisk of, developing fibrosis, e.g. if the subject is determined to have a minor

allele at the polymorphic nucleotide position. The method may further comprise the step of

selecting the subject for treatment with an agent capableof inhibiting the action of Interleukin

11 (IL-11) and/or administering an agent capable of inhibiting the action of Interleukin 11 (IL-

11) to the subject in order to provide a treatment forfibrosis in the subject or to prevent

development or progression of fibrosis in the subject.

SNPsthat may be determined include one or more of the SNPslisted in Figure 33, Figure 34,

or Figure 35. In some embodiments the method may comprise determining one or more of the

SNPslisted in Figure 33. In some embodiments the method may comprise determining one

or more of the SNPslisted in Figure 34. In some embodiments the method may comprise

determining one or more of the SNPslisted in Figure 35. SNPs maybe selected for

determination as having a low P value or FDR (false discovery rate).

In some embodiments SNPs are selected as being good predictors of responseto anti-IL-11

treatment based on regulation of VSTstim in trans (Figures 33). In some embodiments a

method may comprise determining whichallele is present for one or moreof the following

SNPs: rs10831850, rs4756936, rs6485827, rs7120273, and rs895468. In some embodiments

SNPsare selected as being good predictors of responseto anti-IL-11 treatment based on

regulation VSTstim-VSTunstim in cis (Figure 34).

In some embodiments SNPs are selected as being good predictors of responseto anti-IL-11

treatment based on regulation VSTstim-VSTunstim in trans (Figure 35). In some

embodiments a method may comprise determining whichallele is present for one or more of

the following SNPs: rs7120273, rs10831850, rs4756936, rs6485827 (Figure 35).

SNPs: rs7120273, rs10831850, rs4756936, rs6485827 are in high linkage disequilibrium (LD)

with one another on chromosome11 (in a so-called LD block), and are therefore very

commonly co-inherited.
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The square of the correlation of gene frequencies (7°) reflects the degree of linkage

disequilibrium (LD) between two SMPs. As a result of LD between SNPsin local and therefore

co-inherited regions of the genome, the genotype of a given SNP canbeinferred by

determining the genotype of a tagging/proxy SNP. The threshold of LD usedin the art to

identify pairwise tagging/proxy SNPsis an / value of 0.8 (Wangetal. 2005, Nat. Rev. Genet.

6(2): 109-18; Barrett et al. 2006, Nat Genet., 38 (6): 659-662). The genotype of a given SNP

can therefore be inferred by determining the genotype of a tagging/proxy SNP in linkage

disequilibrium with an 7 value 2 0.8.

The nucleotide sequence of SNPsis indicated using the “rs” number. Thefull sequenceis

available from the National Center for biotechnology Information (NCBI) database of single

nucleotide polymorphisms (dbSNP) accessible at: httos:/Awww.ncbi.nim.nih.gov/snp.

Methodsof diagnosis or prognosis may be performed in vitro on a sample obtained from a

subject, or following processing of a sample obtained from a subject. Once the sampleis

collected, the patient is not required to be present for the in vitro method of diagnosis or

prognosis to be performed and therefore the method may be one whichis not practised on the

humanor animal body.

Other diagnostic or prognostic tests may be used in conjunction with those described here to

enhance the accuracy of the diagnosis or prognosis or to confirm a result obtained by using

the tests described here.

Methods according to the present invention may be performed, or products may be present, in

vitro, ex vivo, or in vivo. The term “in vitro” is intended to encompass experiments with

materials, biological substances, cells and/or tissues in laboratory conditions or in culture

whereasthe term “in vivo” is intended to encompass experiments and procedureswith intact

multi-cellular organisms. “Ex vivo” refers to something present or taking place outside an

organism, e.g. outside the human or animal body, which may be on tissue (e.g. whole organs)

or cells taken from the organism.

The invention includes the combination of the aspects and preferred features described

except where such a combination is clearly impermissible or expressly avoided.

The section headings used herein are for organizational purposes only and are not to be

construed aslimiting the subject matter described.
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Aspects and embodiments of the present invention will now beillustrated, by way of example,

with reference to the accompanying figures. Further aspects and embodimentswill be

apparent to those skilled in the art. All documents mentionedin this text are incorporated

herein by reference.

Throughoutthis specification, including the claims which follow, unless the context requires

otherwise, the word “comprise,” and variations such as “comprises” and “comprising,”will be

understood to imply the inclusion of a stated integer or step or group of integers or steps but

not the exclusion of any other integer or step or group of integers or steps.

It must be noted that, as used in the specification and the appended claims, the singular forms

“a,” “an,” and “the” include plural referents unless the context clearly dictates otherwise.

Ranges maybe expressed herein as from “about” one particular value, and/or to “about”

another particular value. When such a range is expressed, another embodiment includes

from the one particular value and/or to the otherparticular value. Similarly, when values are

expressed as approximations, by the use of the antecedent“about,”it will be understood that

the particular value forms another embodiment.

Examples

Example1

The fibrotic response is characterized by widespread molecular changesin activated resident

fibroblasts. To establish the role of IL-11 as a key markerof this transition we assessed and

ranked global RNA expression differencesin atrial fibroblasts derived fram 80 individuals

before and 24 hours after Transforming growth factor beta-1 (TGFB1) activation. We cultured

primaryfibroblasts derived fram the atrium of 80 individuals who were undergoing cardiac

surgery for coronary artery disease. Fibroblasts were studied ex vivo at baseline and following

stimulation with TGFB1 (a powerful pro-fibrotic stimulus) using genome-wide expression

profiling (RNA-Seq) combined with phenotypic assays and genotyping.

IL-11 expression wassignificantly induced in response to TGFR1 treatment with RNAlevels

increasing as much 30x (> 8x on average). IL-11 expression was higher than expression ofall

otherindividual genes (Figures 1a,6), meaning that of the ~11,500 genes expressedin

fibroblasts IL-11 is the most markedly upregulated. This upregulation IL-11 was confirmed

with RT-qPCR as well as ELISA experiments (Figures 1c,d), indicating increased production

and release of IL-11 protein in activated fibroblasts is the main driversof fibrosis.
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To assess whetherIL-11 acts as an autocrine signaling factor that drives fibrosis, we

incubated non-stimulatedatrial fibroblasts with recombinant IL-11 and monitored cell

proliferation, myofibroblast generation as well as collagen and periostin expression at the

protein level. We observed an increasein collagen production, cell proliferation and periostin

expression at levels similar to those induced by the TGF#1 signaling pathway. IL-11 activated

fibroblasts also differentiated into a-SMA+ myofibroblasts (Figure 2).

In addition to its pro-fibrotic function, IL-11 was also found to play a critical role in the TGFB1

induced fibrotic responseitself. Inhibition of IL-11 with a neutralising anti- human IL-11

monoclonal antibody (Monoclonal Mouse IgGo,; Clone #22626; Catalog No. MAB218; R&D

Systems, MN, USA) reduced the activation offibroblasts through TGF81. Cells incubated with

TGF£1 did not generate more extracellular matrix proteins when the IL-11 antibody was

present(Figure 3).

Weshowedthat IL-11 neutralizing antibodies prevent TGFB1-induced fibroblast activation.

Example2

Inflammation and tissue damage stimulates a dynamic processthat involves the recruitment,

proliferation and activation of fibroblasts to generate extracellular matrix and initiate wound

healing and scarring. This fibrotic response is characterized by widespread molecular

changesin activated resident fibroblasts that can be induced by TGF£1, a multifunctional

cytokine that is released by local and infiltrating cells.

To identify key markersof this transition we assessed and ranked global RNA expression

differences via transcriptome sequencing in atrial fibroblasts derived from 80individuals

before and 24 hours after TGF81 treatment. As discussed in Example 1, IL-11 expression was

significantly upregulated in activated fibroblasts and we showedforthefirst time that the IL-11

transcriptional responseis higher than the transcriptional responseofall other individual

genes regulatedin fibrosis (Figure 4a). Comparison of the IL-11 expression level in our model

system to various humantissues indicated that high IL-11 levels were also very specific for

the fibrotic response (Figure 4b), making it an ideal marker to assess the extentoffibrosis in

the human body.

To further assess whether IL-11 acts as an autocrine signaling factor that drives fibrosis, we

confirmed that an upregulation of IL-11 RNA (Figure 5a) lead to an increasein IL-11 secretion
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(Figure 5b) from atrial fibroblasts. Incubation of fibroblasts with IL-11 did not increase IL-11

RNA expression (Figure 5c), but lead to an increasein IL-11 secretion from the cells (Figure

5d). This showsthat IL-11 is having an autocrine effect on fibroblasts that regulates the

production of IL-11 protein at the translationallevel.

Wethen incubatedatrial fibroblasts with TGFB1, recombinant IL-11 or TGFG1 anda

neutralising anti- human IL-11 monoclonal antibody (Monoclonal Mouse IgGo,; Clone #22626;

Catalog No. MAB218; R&D Systems, MN, USA) and monitored cell proliferation,

myofibroblast generation as well as periostin expression at the protein level. We observed an

increase in activated fibroblasts (aSMA-positive cells), periostin production and cell

proliferation at a similar level for both TGFB1 and IL-11 stimulated fibroblasts. In addition to its

pro-fibrotic function, IL-11 was also foundto playa critical role in the TGF£B1 fibrosis itself. The

pro-fibrotic effect of TGFB1 was inhibited when we neutralized IL-11 with the antibody

(Figures 6a-c). The same pattern was observed when we monitored the secretion of fibrosis

markers such as IL6, MMP2 and TIMP1 (Figures 6d-f).

Wethen monitored the deposition of collagen, the pathognomonic hallmark of the fibrotic

response, using a numberof assays across several regulatory levels of gene expression.

TGFB1 was found to increase intracellular collagen (Figure 7a), secreted collagen (Figure 7b)

as well as collagen RNAlevels (Figure 7c) as expected. The responseto IL-11 was only

observedat the protein level (Figure 7a,b) and not on the RNAlevel (Figure 7c). Stimulation

with TGF§1 in parallel to inhibiting IL-11 led to an increase in collagen RNAbut this TGFB1-

driven effect was not forwardedto the protein level.

To establish further the central role of IL-11 in fibrosis downstream of multiple pro-fibrotic

stimuli, we assessed IL-11 expression across fibroblast populations derived from four different

tissues in response to TGF@1 (Figure 8a), ET-1, (Figure 8b) and PDGF (Figure 8c). We also

administered recombinant IL-11 systemically to C57BL/6 mice and monitored collagen and

aSMAexpression. Collagen production was increased acrosskidney, heart and liver (Figure

8d) and we also detected more activated fibroblasts in the heart and kidney, indicated by

higher aSMAprotein levels (Figure 8e).

Ourfindings demonstrate a novel and central role for IL-11 in fibrosis and, most importantly,

show that IL-11 is downstream of the key pro-fibrotic stimuli across several tissues. These

results show that IL-11 is required for TGFB1 to proceed from transcriptional regulation to
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protein translation. Inhibition of IL-11 stalls the pro-fibrotic effect of TGFB1 on the

transcriptome (Figure 9).

Example 3: Anti-IL-11 antibodies inhibit pro-fibrotic stimuli 

In experiments similar to those described in respect of Figure 3c,atrial fibroblasts were

exposed to other pro-fibrotic stimuli in the form of angiotensin Il (ANG 2), platelet-derived

growth factor (PDGF) and endothelin 1 (ET-1), and collagen production was measured.

In addition to induction of IL-11 mRNA expression, each of ANG2, PDGF and ET-1 induced

IL-11 protein expression. Inhibition of IL-11 with a neutralising anti- human IL-11 monoclonal

antibody (Monoclonal Mouse IgGea; Clone #22626; Catalog No. MAB218; R&D Systems, MN,

USA) blocked the pro-fibrotic effect of each of these pro-fibrotic stimuli (Figure 10) indicating

IL-11 to be the central effector of the major pro-fibrotic stimuli (TGFB1, ANG2, PDGF and ET-

1).

Example 4: IL-11R knockdown

HEK cells were transfected (24h) with non-targeting (NT) siRNA or one of four different

siRNAsagainst the IL11RA1 receptor (siRNAs 5-8; Figure 14; SEQ ID NOs 15 to 18). RNA

was extracted and assayed for IL11RA1 MRNAexpression by qPCR. Data are shownin

Figure 15 as mRNAexpression levels relative to the control (NT).

Example 5: A role for IL-11 in fibrosis

5.1 IL-11 is upregulatedin fibrosis

To understand the molecular processes underlying the transition of fibroblasts to activated

myofibroblasts, atrial tissue was obtained from more than 200 patients that underwent cardiac

bypass surgery at the National Heart Centre Singapore. Cells were cultured in vitro at low

passage (passage <4), and either not stimulated or stimulated with TGFB1 for 24h. We

subsequently performed high-throughput RNA sequencing (RNA-seq) analysis of

unstimulated fibroblasts and cells stimulated with the prototypic pro-fibrotic stimulus TGFB1

across 160 individuals; average read depth was ~70M reads per sample (paired-end 100bp;

Figure 16).

To ensure the purity of the atrial fibroblast cell cultures, we analysed expression of endothelial

cell, cardiomyocyte and fibroblast cell tyoe marker genes from the atrium (Hsu et al., 2012

Circulation Cardiovasc Genetics 5, 327-335) in the RNA-seq dataset.
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The results are shown in Figures 17A to 17E, and confirm the purity of the atrial fibroblast

cultures.

Gene expression was assessed by RNA-seq of the tissue of origin (humanatrial tissues

samples, n=8) and primary, unstimulated fibroblast cultures. No/very low expression of the

endothelial cell marker PECAM1 (Figure 17A), and the cardiomyocyte markers MYH6(Figure

17B) and TNNT2 (Figure 17C) was detectedin the fibroblast cell culture samples. Markers for

fibroblasts COL1A2 (Figure 17D) and ACTA2 (Figure 17E) were highly expressed compared

to the tissue of origin.

Next, the RNA-seq data was analysed to identify genes whose expression was increased or

decreased upon stimulation with TGF81, and this information was integrated with the large

RNA-seq dataset across 35+ humantissues provided by the GTEx project (The GTEx

Consortium, 2015 Science 348, 648-660). This enabled the identification of gene expression

signatures that were specific to the fibroblast-myofibroblast transition.

The results are shown in Figures 18A to 18E. Across the 10000+ genes expressed in the

fibroblasts, IL-11 was the most strongly upregulated genein responseto stimulation with

TGF£1, and on average across the 160 individuals was upregulated more than 10-fold (Figure

18A).

Upregulation of IL-11 expression was confirmed by ELISA analysis of the cell culture

supernatant of TGFB1 stimulated fibroblasts (Figure 18C). As compared to the level of

expression level of IL-11 in other tissues of healthy individuals, this response was observed to

be highly specific to activated fibroblasts (Figure 18D). Various fold changesof IL-11 RNA

expression were also confirmed by qPCR analysis (Figure 186).

Next, fibroblasts were cultured in vitro and stimulated with several other known pro-fibrotic

factors: ET-1, ANGII, PDGF, OSM and IL-13, and also with human recombinant IL-11. For

analysing upregulation of IL-11 produced in responseto stimulation with IL-11, it was

confirmed that the ELISA wasonly able to detect native IL-11 secreted from cells and does

not detect recombinant IL-11 used for the stimulations (Figure 19B).

The results are shown in Figure 19A. Each factor was found to significantly induce IL-11

secretion from fibroblasts. IL-11 is shown to act in an autocrine loopin fibroblasts, which can

result in an upregulation of IL-11 protein as much as 100-fold after 72 hours (Figure 19D).
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Interestingly, this autocrine loop for IL-11 is similar to the autocrine production of IL-6. IL-6 is

from the same cytokine family and also signals via the go130 receptor (Garbers and Scheller,

2013 Biol Chem 394, 1145-1161), which is proposed to ensure the continued survival and

growthof lung and breast cancercells (Grivennikov and Karin, 2008 Cancer Cell 13, 7-9).

No increase in IL-11 RNAlevel was detected in response to stimulation with IL-11 (Figure

19D). Unlike TGFB1, which increases IL-11 expression at both the RNA andprotein level,

therefore IL-11 seems to upregulate IL-11 expression only at the post-transcriptionallevel.
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5.2 IL-11 has a profibrotic role in fibrosis of heart tissue

To explore whether the autocrine production of IL-11 is pro- or anti-fibrotic, fibroblasts were

cultured in vitro with recombinant IL-11, and the fraction of myofibroblasts (aSMA-positive

cells) and extracellular matrix production was analysed.

The expression of aSMA,collagen and periostin was monitored with the Operetta High-

Content Imaging System in an automated, high-throughput fashion. In parallel, secretion of

fibrosis marker proteins such as MMP2, TIMP1 and IL-6 was analysed by ELISA assays, and

the levels of collagen were confirmed by calorimetric Sirius Red analysis of the cell culture

supernatant.

Briefly, atrial fioroblasts derived from 3 individuals were incubated in 2 wells each for 24h

without stimulation, with TGFB1 (5 ng/ml), or with IL-11 (5 ng/ml). Following incubation, cells

were stained to analyse a-SMA contentto estimate the fraction of myofibroblasts, and for

collagen and periostin to estimate ECM production. Fluorescence was measuredin 7 fields

per well. The supernatant of 2 wells per individual was also assessed for collagen content by

Sirius Red staining. The signal was normalized to the control group without stimulation.

Secretion of the fibrosis markers IL-6, TIMP1 and MMP2 was analysed via ELISA.

The results are shown in Figures 20A to 20F. TGF£1 activated fibroblasts and increased ECM

production (Figure 20A). Unexpectedly, and in contrast with the anti-fibrotic role described for

IL-11 in heart tissue in the scientific literature, recombinant IL-11 caused an increase in the

fraction of myofibroblasts in fibroblast cultures, and also promoted the production of

extracellular matrix proteins collagen and periostin to the same extent as TGFB1 (Figure 20A).

Both of IL-11 and TGF81 cytokines also significantly increased the secretion of pro-fibrotic

markers IL-6, TIMP1 and MMP2 (Figures 20B to 20E), and to a similarlevel.

The inventors hypothesized that the contradiction between the presentfinding that IL-11 is

profibrotic in heart tissue and the antifibrotic role described in the literature might be related to

the use of human IL-11 in rodents in those previous studies (Obanaet al., 2010, 2012;

Stangouet al., 2011; Trepicchio and Dorner, 1998).

To investigate this hypothesis, serial dilutions of both human and mouse IL-11 were

performed, and the activation of humanatrial fibroblasts was monitored (Figure 20F). No

activation of fibroblasts was observed at low concentrations of human IL-11 on mousecells,
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suggesting that previous insights into IL-11 function may in part be dueto IL-11-non-specific

observations.

5.3 IL-11 has a profibrotic role in fibrosis of a variety of tissues

To test whetherthe profibrotic action of IL-11 was specific to atrial fibroblasts, human

fibroblasts derived from several different tissues (heart, lung, skin, kidney and liver) were

cultured in vitro, stimulated with human IL-11, and fibroblast activation and ECM production

was analysed as described above. Increasedfibroblast activation and production of ECM was

observed as compared to non-stimulated cultures in fibroblasts derived from each of the

tissues analysed.

5.3.1 Liverfibrosis

To test whether IL-11 signalling is important in liver fibrosis, human primaryliverfibroblasts

(Cell Biologics, Cat#: H-6019) were cultured at low passagein wells of 96-well plates and

either not stimulated, stimulated with TGFG1 (5ng/ml, 24h), IL-11 (6 ng/ml, 24h) or incubated

with both TGFB1 (5 ng/ml) and a neutralising IL-11 antibody (2 ug/ml), or TGFB1 (5 ng/ml)

and an Isotype control antibody. Fibroblast activation (aSMApositive cells), cell proliferation

(EdU positive cells) and ECM production (periostin and collagen) was analysed using the

Operetta platform.

The results of the experiments with primary humanliver fibroblasts are shown in Figures 38A

to 38D. IL-11 was found to activateliver fibroblasts, and IL-11 signalling was found to be

necessary for the profibrotic action of TGF1 in liver fibroblasts. Both activation and

proliferation of fibroblasts was inhibited by neutralising anti-IL-11 antibody.

5.3.2 Skin fibrosis

To test whether IL-11 signalling is important in skin fibrosis, primary mouseskin fibroblasts

were cultured at low passagein wells of 96-well plates and either not stimulated, stimulated

with TGFR1 (5ng/ml, 24h) or incubated for 24h with both TGFE1 (5 ng/ml) and a neutralising

IL-11 antibody (2 ug/ml). Fibroblast activation (aSMApositive cells) was then analysed using

the Operetta platform.

The results are shown in Figure 39. TGF81-mediated activation of skin fibroblasts was

inhibited by neutralising anti-IL-11 antibody.

5.3.3 Fibrosis in multiple organs
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Next, mouse recombinant IL-11 was injected (100yg/kg, 3 days/week, 28 days) into mice to

test whether IL-11 can drive global tissue fibrosis in vivo.

The results are shown in Figure 21. Comparedto injection of Angll (a cytokine that causes an

elevation in blood pressure and hypertrophy of the heart), IL-11 also increased the heart

weight but also kidney, lung and liver weight indexed to body weight (Figure 21B). Assessing

collagen content in these issues by hydroxyproline assay revealed an upregulation of collagen

productionin these tissues, indicating fibrosis as the likely cause for the increase in organ

weight (Figure 6C). Expression of fibrosis marker genes ACTA2 (= aSMA), Colia1, Col3a,

Fni, Mmp2 and Timp1 was also detected by qPCR analysis of RNAisolated from heart,

kidney, lung andliver tissues of these animals.

Example 6: Therapeutic potential of IL-11/IL-11R antagonism

6.1 Inhibition of the fibrotic response using neutralising antagonists of IL-11/IL-11R

Next it was investigated whether the autocrine loop of IL-11 secretion was required for the

pro-fibrotic effect of TGFB1 on fibroblasts.

IL-11 was inhibited using a commercially available neutralizing antibody (Monoclonal Mouse

IgG2A; Clone #22626; Catalog No. MAB218; R&D Systems, MN, USA). Fibroblasts were

treated with TGF£1 in the presence or absenceof the antibody, and fibroblast activation, the

proportion of proliferating cells and ECM production and markersof the fibrotic response were

measured.

Briefly, atrial fioroblasts derived from 3 individuals were incubated for 24h with TGFR1 (5

ng/ml) or TGF£B1 in the presence of neutralising anti-IL-11 antibody or isotype control

antibody. Following incubation, cells were stained for aSMA to determine the fraction of

myofibroblasts, the proportion of proliferating cells was determined by analysing the cells for

EdU incorporation, and periostin was measured to determine ECM production. Fluorescence

was measured with the Operetta platform for 14 fields across 2 wells for each individual.

Secretion of the fibrosis markers IL-6, TIMP1 and MMP2 wasalso analysed by ELISA.

Fluorescence was normalized to the control group without stimulation.

The results are shownin Figures 22A to 22F. IL-11 inhibition was found to ameliorate TGF61-

inducedfibrosis, and it was shownthat IL-11 is essential for the pro-fibrotic effect of TGFB1.

Inhibition of IL-11 was found to ‘rescue’ the TGF81 phenotype at the protein level.
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Collagen production was also analysed. Cardiac fibroblasts derived from 3 individuals were

incubated for 24h with TGFR1 (5 ng/ml) or TGFR1 and a neutralizing IL-11 antibody. Following

incubation the cells were stained for collagen using the Operetta assay and florescence was

quantified as described above. Secreted collagen levels in the cell culture supernatant were

assessed by Sirius Red staining.

The results are shown in Figures 23A and 23B, and confirm the anti-fibrotic effect of inhibition

of IL-11 using a neutralising antibody.

Next, the ability of several other IL-11/IL-11R antagonists to inhibit fibrosis was analysed in

vitro using the atrial fibroblast, TGFB1-induced myofibroblast transition assay described herein

above.

Briefly, humanatrial fioroblasts cells were cultured jn vitro, stimulated for 24h with TGFB1 (5

ng/ml) or left unstimulated, in the presence/absenceof: (i) neutralising anti-IL-11 antibody, (ii)

a IL-11RA-gp130 fusion protein (iii) neutralising anti-IL-11RA antibody, (iv) treatment with

siRNAdirected against IL-11 or (v) treatment with siRNA directed against IL-11RA. The

proportion of activatedfibroblasts (myofibroblasts) was analysed by evaluating aSMAcontent

as described above.

The results are shown in Figure 24. Each of the antagonists of IL-11/IL-11R signalling was

found to be able to abrogate TGFB1-mediated profibrotic response.

Example 7: In vivo confirmation of a profibrotic role for IL-11/IL-11R signalling

7.1 In vitro studies using cells derived from IL-11RA gene knock-out mice

All mice were bred and housed in the same roam and provided food and wateradlibitum.

Mice lacking functional alleles for IL-11Ra (IL-11RA1 KO mice) were on C57BI/6 genetic

background. Mice were of 9-11 weeks of age and the weightof animals did not differ

significantly.
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To further confirm the anti-fibrotic effect of inhibition of IL-11/IL-11R signalling, primary

fibroblasts were generated from IL-11RA gene knock-out mice and incubated with primary

fibroblast cells harvested from IL-11RA+/+ (i.e. wildtype), IL-11RA+/- (i.e. heterozygous

knockout) and IL-11RA-/- (i.e. homozygous knockout) animals with TGFB1, IL-11 or AnglIl.

Activation and proliferation of fibroblasts and ECM production was analysed.

Fibroblasts derived from IL-11RA+/+, IL-11RA+/- and IL-11RA-/- mice were incubated for 24

hours with TGFB1, IL-11 or Angll (5 ng/ml). Following incubation, cells were stained for aSMA

content to estimate the fraction of myofibroblasts, for EdU to identify the fraction of

proliferating cells, and for collagen and periostin to estimate ECM production. Fluorescence

was measured using the Operetta platform.

The results are shown in Figures 25A to 25D. IL-11RA-/- mice were found not to respond to

pro-fibrotic stimuli. These results suggested that IL-11 signalling is also required for Angll-

inducedfibrosis.

Next, it was investigated whether this was also true for other pro-fibrotic cytokines.

Briefly, fibroblasts were cultured in vitro in the presence/absenceof various different pro-

fibrotic factors (ANG2, ET-1 or PDGF), and in the presence/absenceof neutralising anti-IL-11

antibody or pan anti-TGF£ antibody. After 24 hours, collagen production by the cells was

determined by analysis using the Operetta system as described above, and myofibroblast

generation was determined by analysis of aSMA expression as described above.

The results are shown in Figures 26A and 26B. IL-11 was found to be requiredforfibrosis

downstream of various profibrotic stimuli, and was thus identified as a central mediatorof

fibrosis induced by a variety of different profibrotic factors.

In a further experiment, the role of IL-11 signalling was investigated in lung fibrosis, using an

in vitro scratch assay of migration of lung fibroblasts. In response to pro-fibrotic stimuli,

fibroblasts are activated and migrate within the fibrotic niche in the body. The migration rate of

cells is a measure of cell-cell and cell-matrix interactions and a model for wound healing in

vivo (Liang et al., 2007; Nat Protoc. 2(2):329-33).

Fibroblasts derived from lung tissue from both wild type (WT) and also homozygous IL-11RA

(-/-) Knockout mice were grown at low passage on a plastic surface until they formed a

uniform cell monolayer. A scratch was then created in the cell layer, and cell migration close
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to the scratch was monitored, either in the absence of stimulation, or in the presence of

TGF®#1 or IL-11. Images captured at imagesat the two time points of immediately after

creating the scratch and at 24h were used to determine the area covered bycells, and the

rate of migration was compared between WT and KOfibroblasts. Cell migration (area in the

scratch covered bycells after 24h) was normalized to the migration rate of WT cells without

stimulus.

The results are shown in Figure 40. Lung fibroblasts derived from WT mice were shownto

migrate faster in the presence of TGFR1 and IL-11, indicating a pro-fibrotic effect of both

cytokines in lung fibroblasts. Cells lacking IL-11 signalling derived from KO mice migrated

more slowly as compared to WTcells. They also did not migrate faster in the presence of

TGF£1. The scratch assay revealed that lung fibroblasts lacking IL-11 signalling have a

decreasecell migration rate both in the presence of TGFB1 or IL-11, and at baseline. Thus,

inhibition of IL-11 signalling is anti-fibrotic in the lung.

7.2 Heart fibrosis

The efficacy of IL-11 inhibition to treat fibrotic disorders was investigated in vivo. A mouse

modelfor cardiac fibrosis, in which fibrosis is induced by treatment with Angll, was used to

investigate whether IL-11RA -/- mice were protected from cardiacfibrosis.

Briefly, a pump was implanted, and wildtype (WT) IL-11RA(4/+) and knockout (KO) IL-11RA(-

/-) mice were treated with AngIl (2mg/kg/day) for 28 days. At the end of the experiment,

collagen content was assessedin the atria of the mice using a calorimetric hydroxyproline-

based assaykit, and the level of RNA expression of the markers orfibrosis Col1A2, aSMA

(ACTA2) and fibronectin (Fn1) were analysed by qPCR.

The results are shownin Figures 27A to 27D. The IL-11RA-/- mice were found to be protected

from the profibrotic effects of Angll.

7.3 Kidney fibrosis

A mouse modelfor kidney fibrosis was established in wildtype (WT) IL-11RA(+/+) and

knockout (KO) IL-11RA(-/-) mice by intraperitoneal injection of folic acid (180mg/kg) in vehicle

(0.3M NaHCOs); control mice were administered vehicle alone. Kidneys were removed 28

days post-injection, weighed and eitherfixed in 10% neutral-buffered formalin for Masson’s

trichrome and Sirius staining or snap-frozen for collagen assay, RNA, and protein studies.
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Total RNA was extracted from the snap-frozen kidney using Trizol reagent (Invitrogen) and

Qiagen TissueLyzer method followed by RNeasy column (Qiagen) purification. The cDNA was

prepared using iScriptTM cDNAsynthesis kit, in which each reaction contained 11g of total

RNA,as per the manufacturer's instructions. Quantitative RT-PCR gene expression analysis

was performed on triplicate samples with either TaqMan (Applied Biosystems) or fast SYBR

green (Qiagen) technology using StepOnePlusTM (Applied Biosystem) over 40 cycles.

Expression data were normalized to GAPDH mRNAexpression level and we used the 2-AACt

method to calculate the fold-change. The snap-frozen kidneys were subjected to acid

hydrolysis by heating in 6M HCI at a concentration of 50 mg/ml (95°C, 20 hours). The amount

of total collagen in the hydrolysate was quantified based on the colorimetric detection of

hydroxyproline using Quickzyme Total Collagen assay kit (Quickzyme Biosciences) as per the

manufacturer's instructions.

The results of the analysis are shownin Figure 28. Folate-induced kidneyfibrosis is shown to

be dependenton IL-11 mediated signalling. A significant increase in collagen contentin

kidney tissue was observedin IL-11RA+/+ mice, indicative of kidney fibrosis. No significant

increasein collagen content was observedin IL-11RA -/- mice. Animals deficient for IL-11

signalling had significantly less collagen deposition in kidneys after toxic injury as compared to

wild type animals.

7.4 Lung fibrosis

IL-11 is confirmed as a key mediatorof fibrosis in the lung, skin and eyein further in vivo

models using the IL-11RA -/- knockout mice. Schematics of the experiments are shownin

Figures 29Ato 29C.

To analyse pulmonaryfibrosis, IL-11RA -/- mice and IL-11RA +/+ mice are treated by

intratracheal administration of bleomycin on day O to establish a fibrotic responsein the lung

(pulmonary fibrosis). Fibrosis of the lung develops by 21 days, at which point animals are

sacrificed and analysedfor differences in fibrosis markers between animals with and without

IL-11 signalling. IL-117RA -/- mice have a reducedfibrotic responsein lung tissue as compared

to IL-11RA +/+ mice, as evidenced by reduced expression of markersoffibrosis.

7.5 Skin fibrosis

To analysefibrosis of the skin, IL-11RA -/- mice and IL-11RA +/+ mice are treated by

subcutaneous administration of bleomycin on day 0 to establish a fibrotic response in the skin.

Fibrosis of the skin develops by 28 days, at which point animals are sacrificed and analysed

for differencesin fibrosis markers between animals with and without IL-11 signalling. IL-11RA
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-/- mice have a reducedfibrotic response in skin tissue as compared to IL-11RA +/+ mice, as

evidenced by reduced expression of markersoffibrosis.

7.6 Eyefibrosis

To analysefibrosis in the eye, IL-11RA -/- mice and IL-11RA +/+ mice undergo

trabeculectamy on day 0 to initiate a wound healing responsein the eye.Fibrosis of the eye

develops within 7 days. The fibrotic response is measured and compared betweentheIL-

11RA -/- mice and IL-11RA +/+ mice. IL-11RA -/- mice have a reduced fibrotic response in

eye tissue as compared to IL-11RA +/+ mice, as evidenced by reduced expression of markers

of fibrosis.

7.7 Other tissues

The effect of IL-11RA knockout on fibrosis is also analysed in mouse modelsoffibrosis for

othertissues, such as the liver, bowel, and is also analysed in a model relevant to multiorgan

(i.e. systemic) fibrosis. The fibrotic response is measured and compared between the IL-11RA

-/- mice and IL-11RA +/+ mice. IL-11RA-/- mice have a reducedfibrotic response as

comparedto IL-11RA +/+ mice, as evidenced by reduced expression of markers offibrosis.

Example 8: Analysis of the molecular mechanisms underlying IL-11-mediated induction

of fibrosis

The canonical mode of action of IL-11 is thought to be regulation of RNA expression via

STAT3-mediated transcription (Zhu et al, 2015 PLoS ONE 10, e0126296), and also through

activation of ERK.
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STATS activation is observed following stirnulation with IL-11. However, when fibroblasts are

incubated with TGF61, only activation of the canonical SMAD pathway and ERK pathways is

seen, and activation of STATS is not observed, even in spite of the fact that iL-11 Is secreted

in response to TGF61. Only ERK activation is cormmon to both TGFB1 and IL-11 signal

transduction.

Cross-talk between TGF61 and IL-6 signalling has previously been described, wherein TGF61

blocks the activation of STATS by IL-6 (Walia et al., 2003 FASEB J. 17, 2130-2132). Given

ihe close relationship between iL-6 and IL-11, similar cross-talk may be observed for IL-11

mediated signalling.

The inveniors investigated by RNA-seq analysis whether regulation of RNA abundance was

the underlying mechanism for the increased expression of fibrosis marker proteins in

response to IL-11, which would suggest STATS as the underlying signalling pathway for IL-11

mediaied profibrotic processes. Fibroblasts were incubated for 24 hours either without

stimulus, or in the presence of TGF61, iL-i1 or TGF@1 and IL-11.

The results are shown in Figure 30A. TGFB1 induced the expression of collagen, ACTA2

(aSMA) and other fibrosis marker at the RNA level. However, IL-11 did not regulate the

expression of these genes, but a different set of genes.

Gene ontology analysis suggests that a pro-fibrotic effect in fibroblasts is driven by iL-11-

regulated RNA expression. Both TGF61 and iL-11 requiate an aimost completely different set

of genes on the ANAlevel.

Whilst TGFBI increases IL-11 secretion, the target genes of IL-11 are not regulated when

both TGF&1 and IL-11 are present. This suggests that TGFBS1 upregulates IL-11 and

simultaneously blocks the canonical IL-1 1-driven regulation of RNA expression via STATS,

similar to what is Known abaut the interaction of TGFB1 and IL-6 pathways (Walia et al., 2003

FASEB J. 17, 2130-2132).

We also analysed whether RNA expression differences induced by TGF61 are dependent on

iL-i1 signalling, by analysing changes in RNA expression in fibroblasts obtained from [L-

11RA -/- mice as compared to IL-11RA +/+ mice. RNA expression requlated by TGFB1 is stil

observed when IL-1 1RA knockout cells were stimulated with TGF81, and RNA levels of

aSMA,collagen etc. were still upregulated in the absence of IL-11 signalling (in IL-11RA -/-
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fibroblasis). When the pro-fibrotic effect of IL-i1 and the anti-fibrotic effect of [L-41 inhibition

was investigated in vitro, reduced expression of markers of fibrosis was only observed ai the

protein level, not al the transcriptional level as determined by qPCR.

The activation of non-canonical pathways (e.g. ERK signal transduction) is known to be

crucial for the pro-fibrotic action of TGF61 (Guo and Wang, 2008 Cell Res 19, 71-88). It is

likely that non-canonical pathways are likely to be important for signalling far all known pro-

fibrotic cytokines, and that IL-11 is a post-iranscriptional requlator which is essential for

fibrosis.

Example 9: Human anti-human iL-i1 antibodies 

Fully human anti-human IL-11 antibodies were developed via phage display.

Recombinant human IL-11 (Cat. No. 203108-1) and recombinant murine IL-11 (Cat. No.

203052-1) were obtained from GenScript (NJ, USA). Recombinant human IL-11 was

expressed in CHO cells, both as an Fc-tagged version and a tag-free version. Tag-free murine

IL-11 was expressed in HEK293cells.

IL-11 bioactivity of recombinant human IL-11 and mouse IL-11 was confirmed byjn vitro

analysis using primaryfibroblast cell cultures.

Recombinant, biotinylated human IL-11 and murine IL-11 were also prepared bybiotinylation

of the recombinant human IL-11 and murine IL-11 molecules, according to standard methods.

Antibodies capable of binding to both human |L-11 and murine IL-11 (i.e. cross-reactive

antibodies) were identified by phage display using a human naivelibrary by panning using

biotinylated and non-biotinylated recombinant human and murine IL-11, based on 16 different

panning strategies.

The phage display identified 175 scFv binders,as‘first hits’. Sequence analysis of the CDR

sequencesfrom these 175 scFvidentified 86 unique scFv.

The soluble scFv were produced by recombinant expression in E. coli, and analysed for their

ability to bind to human IL-11 and murine IL-11 by ELISA. Briefly, the respective antigen was

coated to wells of an ELISAplate, the cell culture supernatant containing the respective scFv

was added at a 1:2 dilution, and binding was detected.
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The results of the ELISA analysis revealed:

e 8scFV capable of binding only to human IL-11;

¢ 6scFv capable of binding to murine IL-11 only;

e 32 scFv displaying only weak binding to human/murine IL-11, with a high signal

to noise ratio, and;

e 40 scFv having cross-reactivity for both human IL-11 and murine IL-11.

From these 86 scFV, 56 candidates were selected for further functional characterisation. For

further analyses, the scFV were cloned into scFV-Fc formatin E. coli.

The VH and VL sequencesof the antibodies were cloned into expression vectors for the

generation of scFv-Fe (human |gG1) antibodies. The vectors were transiently expressed in

mammalian cells cultured in serum-free media, and isolated by protein A purification.

Example 10: Functional characterisation of human anti-human IL-1i antibodies

The antibodies described in Example 9 were analysedin in vitro assays for their ability to

(i) inhibit human IL-11-mediated signalling, and (ii) inhibit mouse IL-11-mediated signalling.

The affinity of the antibodies for human IL-11 was also analysed by ELISA.

10.1 Ability to inhibit human IL-11 mediated signalling

To investigate ability to neutralise human IL-11-mediated signalling, cardiac atrial human

fibroblasts were cultured in wells of 96-well plates in the presence of TGF®1 (5 ng/ml) for 24

hours, in the presence or absenceof the anti-IL-11 antibodies. TGF81 promotes the

expression of IL-11, which in turn drives the transistion of quiescentfibroblasts to activated,

aSMA-positive fibroblasts. It has previously been shownthat neutralising IL-11 prevents

TGF£1 -induced transition to activated, aSMA-positive fibroblasts.

Expression of aSMA was analysed with the Operetta High-Content Imaging System in an

automated high-throughput fashion.

In non-stimulated cultures, ~29.7%(= 1) of the fibroblasts were aSMA-positive, activated

fibroblasts at the end of the 24 hourculture period, whilst ~52% (= 1.81) of fibroblasts were

aSMA-positive in cultures that were stimulated with TGFE1 in the absenceof anti-|L-11

antibodies.

Anti-IL-11 antibodies (2 ug/ml) were addedto fibroblast cultures that were stimulated with

TGFB1, and at the end of the 24 hour culture period, the percentage of aSMA-positive
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fibroblasts was determined. The percentages were normalised based on the percentage of

aSMA-positive fibroblasts observed in cultures of fibroblasts which had not been stimulated

with TGFB1.

28 of the antibodies were demonstrated to be capable of neutralising signalling mediated by

humanIL-11.

A commercial monoclonal mouseanti-IL-11 antibody (Monoclonal Mouse IgG2A; Clone

#22626; Catalog No. MAB218; R&D Systems, MN, USA) wasalso analysed for ability to

inhibit signalling by human IL-11 in the experiments. This antibody was found to be able to

reduce the percentage of activated fibroblasts to 28.3% (=0.99).

Several of the clones neutralised signalling by human IL-11 to a greater extent than the

commercially available mouse anti-IL-11 antibody (industry standard.

10.2 Ability to inhibit mouse IL-11 mediated signalling

The ability of the human antibodies to inhibit mouse IL-11-mediated signalling was also

investigated, following the same procedure as described in section 10.1 above, but using

mouse dermalfibroblasts instead of humanatrial fibroblasts.

After 24 hours in culture, about 31.8%(=1) of non-stimulated cells in culture were activated

fibroblasts. Stimulation with TGFB1 resulted in a ~2-fold increase in the percentage of

activated fibroblasts (68.8% = 2.16) as compared to non-stimulated cultures.

The antibodies were demonstrated to be capable of neutralising signalling mediated by mouse

IL-11. Monoclonal Mouse IgG2A clone #22626, catalog No. MAB218 anti-IL-11 antibody was

also analysed for ability to inhibit signalling by mouse IL-11. This antibody was found to be

able to reduce the percentageof activated fibroblasts to 39.4% (=1.24).

Several of the clones neutralised signalling by mouse IL-11 to a greater extent than the

commercially available mouse anti-IL-11 antibody (industry standard).

10.3 Analysis of antibody affinity for human IL-11

The humananti-human IL-11 antibodies were analysed fortheir affinity of binding to human

IL-11 by ELISA assay.
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Recombinant human IL-11 was obtained from Genscript and Horseradish peroxidase (HRP)-

conjugated anti-human IgG (Fc-specific) antibody was obtained from Sigma. Corning 96-well

ELISA plates were obtained from Sigma. Pierce 3,3’,5,5’-tetramethylbenzidine (TMB) ELISA

substrate kit was obtained from Life Technologies (0.4 g/mL TMBsolution, 0.02 % hydrogen

peroxidein citric acid buffer). Bovine serum albumin and sulphuric acid was obtained from

Sigma. Wash buffer comprised 0.05% Tween-20 in phosphate buffered saline (PBS-T). ScFv-

Fe antibodies were generated as described in above. Purified mouse and human IgG controls

were purchasedfrom Life Technologies. Tecan Infinite 200 PRO NanoQuant was used to

measure absorbance.

Criss-cross serial dilution analysis was performed as described by Hornbecketal., (2015)

Curr Protoc Immunol 110, 2.1.1-23) to determine the optimal concentration of coating antigen,

primary and secondary antibodies.

An indirect ELISA was performed to assessthe binding affinity of primary ScFv-Fc antibodies

at 50% of effective concentration (ECs,.) as previously described (Unverdorbenet al., (2016)

MAbs8, 120-128.). ELISA plates were coated with 1 pg/mL of recombinant human IL-114

overnight at 4°C and remaining binding sites were blocked with 2 % BSA in PBS. ScFv-Fe

antibodies were diluted in 1% BSAin PBS, titrated to obtain working concentrations of 800,

200, 50, 12.5, 3.125, 0.78, 0.195, and 0.049 ng/mL, and incubated in duplicates for 2 hours at

room temperature. Detection of antigen-antibody binding was performed with 15.625 ng/mL of

HRP-conjugated anti-human IgG (Fc-specific) antibody. Following 2 hours of incubation with

the detection antibody, 100 pI of TMB substrate was added for 15 mins and chromogenic

reaction stopped with 100 ul of 2 M H2SQ,. Absorbance reading was measured at 450 nm

with reference wavelength correction at 570 nm. Data werefitted with GraphPad Prism

software with log transformation of antibody concentrations followed by non-linear regression

analysis with the asymmetrical (five-parameter) logistic dose-response curve to determine

individual EC50 values.

The same materials and procedures as described above were performed to determine the

affinity of binding for the murine monoclonal anti-IL-11 antibodies, with the exception that

HRP-conjugated anti-mouse IgG (H&L) was used instead of HRP-conjugated anti-human IgG.

The same materials and procedures as described above were performed to determine the

affinity of binding for the human monoclonal anti-IL-11 antibodies and murine monoclonal anti-

IL-11 antibodies to recombinant murine IL-11 obtained from Genscript.
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The results of the ELISA assays were used to determine ECso values for the antibodies.

10.4 Ability to inhibit human IL-11 mediated signalling in a variety of tissues

Ability of the antibodies to neutralise IL-11-mediated signalling in fibroblasts obtained from a

variety of different tissues is investigated, essentially as described in section 10.1 except that

instead of cardiac atrial humanfibroblasts, human fibroblasts derived from liver, lung, kidney,

eye, skin, pancreas, spleen, bowel, brain, and bone marrow are used for the experiments.

Anti-IL-11 antibodies are demonstrated to be capable of neutralising signalling in fibroblasts

derived from the various different tissues, as determined by observation of a relative decrease

in the proportion of aSMA-positive fibroblasts at the end of the 24 h culture period in the

presenceof the anti-IL-11 antibodies as compared to culture in the absence of the antibodies.

 

The therapeutic utility of the anti-human IL-11 antibodies is demonstrated in in vivo mouse

models of fibrosis for various different tissues.

11.1 Heart fibrosis

A pumpis implanted, and mice are treated with Angll (2mg/kg/day) for 28 days.

Neutralising anti-IL-11 antibodies, or control antibodies, are administered to different groups of

mice by intravenous injection. At the end of the experiment, collagen content is assessed in

the atria of the mice using a calorimetric hydroxyproline-based assay kit, and the level of RNA

expression of the markersor fibrosis Col1A2, aSMA (ACTA2) and fibronectin (Fn1) were

analysed by qPCR.

Mice treated with neutralising anti-IL-11 antibodies have a reducedfibrotic response in heart

tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markersoffibrosis.

11.2 Kidneyfibrosis

A mouse modelfor kidneyfibrosis is established, in which fibrosis is induced by

intraperitoneal injection of folic acid (180mg/kg)in vehicle (0.3M NaHCQs); control mice were

administered vehicle alone.
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Neutralising anti-IL-11 antibodies, or control antibodies, are administered to different groups of

mice by intravenous injection. Kidneys are removed at day 28, weighed andeitherfixed in

10% neutral-buffered formalin for Masson’s trichrome and Sirius staining or snap-frozen for

collagen assay, RNA, and protein studies.

Total RNAis extracted from the snap-frozen kidney using Trizol reagent (Invitrogen) and

Qiagen TissueLyzer method followed by RNeasy column (Qiagen) purification. The cDNAis

prepared using iScriptTM cDNAsynthesis kit, in which each reaction contained 1g of total

RNA,as per the manufacturer's instructions. Quantitative RT-PCR gene expression analysis

is performed on triplicate samples with either TaqMan (Applied Biosystems) or fast SYBR

green (Qiagen) technology using StepOnePlusTM (Applied Biosystem) over 40 cycles.

Expression data are normalized to GAPDH mRNAexpression level and the 2-AACt methodis

used to calculate the fold-change. The snap-frozen kidneys are subjected to acid hydrolysis

by heating in 6M HCI at a concentration of 50 mg/ml (95°C,20 hours). The amountoftotal

collagenin the hydrolysate is quantified based on the colorimetric detection of hydroxyproline

using Quickzyme Total Collagen assay kit (Quickzyme Biosciences) as per the manufacturer’s

instructions.

Mice treated with neutralising anti-IL-11 antibodies have a reducedfibrotic response in kidney

tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers offibrosis.

11.3 Lung fibrosis

Mice are treated by intratracheal administration of bleomycin on day 0 to establish a fibrotic

responsein the lung (pulmonaryfibrosis).

Neutralising anti-IL-11 antibodies, or control antibodies, are administered to different groups of

mice by intravenous injection. Mice are sacrificed at day 21, and analysedfor differences in

fibrosis markers.

Mice treated with neutralising anti-IL-11 antibodies have a reducedfibrotic responsein lung

tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers offibrosis.

11.4 Skin fibrosis

Mice are treated by subcutaneous administration of bleomycin on day 0 to establish a fibrotic

responsein the skin.
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Neutralising anti-IL-11 antibodies, or control antibodies, are administered to different groups of

mice by intravenous injection. Mice are sacrificed at day 21, and analysed for differences in

fibrosis markers.

Mice treated with neutralising anti-IL-11 antibodies have a reducedfibrotic responsein skin

tissue as Compared to mice treated with control antibodies, as evidenced by reduced

expression of markers offibrosis.

11.5 Eyefibrosis

Mice undergo trabeculectomy on day0 to initiate a wound healing responsein the eye.

Neutralising anti-IL-11 antibodies, or control antibodies, are administered to different groups of

mice by intravenous injection, and fibrosis is monitored in the eyetissue.

Mice treated with neutralising anti-IL-11 antibodies have a reducedfibrotic response in eye

tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markersoffibrosis.

11.6 Othertissues

The effect of treatment with neutralising anti-IL-11 antibodies on fibrosis is also analysed in

mouse models offibrosis for other tissues, such as the liver, kidney, bowel, and is also

analysed in a model relevant to multiorgan (i.e. systemic)fibrosis.

Mice treated with neutralising anti-IL-11 antibodies have a reducedfibrotic response as

comparedto mice treated with control antibodies, as evidenced by reduced expression of

markersof fibrosis.

Example 12: Anti-human IL-liRo antibodies

Mouse monoclonal antibodies directed against human IL-11Ra protein were generated as

follows.

cDNAencoding the amino acid for human IL-11Ra was cloned into expression plasmids

(Aldevron GmbH, Freiburg, Germany).

Mice were immunised by intradermal application of DNA-coated gold-particles using a hand-

held device for particle-bombardment(“gene gun”). Serum samples were collected from mice
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after a series of immunisations, and tested in flow cytometry on HEK cells which had been

transiently transfected with human IL-11Ra expression plasmids (cell surface expression of

humanIL-11Ra by transiently transfected HEK cells was confirmed with anti-tag antibodies

recognising a tag added to the N-terminusof the IL-11Ra protein).

Antibody-producing cells were isolated from the mice and fused with mouse myelomacells

(Ag8) according to standard procedures.

Hybridomas producing antibodies specific for IL-11Ra were identified by screening for ability

to bind to IL-11Ra expressing HEKcells by flow cytometry.

Cell pellets of positive hyoridoma cells were prepared using an RNAprotection agent

(RNAlater, cat. #AM7020 by ThermoFisher Scientific) and further processed for sequencing of

the variable domains of the antibodies.

Sequencing was performed using BigDye® Terminator v3.1 Cycle Sequencing kit (Life

Technologies®) according to the manufacturer’s instructions. All data was collected using a

3730xIl DNA Analyzer system and Unified Data Collection software (Life Technologies®).

Sequence assembly was performed using CodonCodeAligner (CodonCode Corporation).

Mixed base calls were resolved by automatically assigning the most prevalent base call to the

mixed base calls. Prevalence was determined by both frequency of a base call and the

individual quality of the base calls.

In total, 17 mouse monoclonal anti-human IL-11Ra antibody clones were generated.

Example 13: Functional characterisation of anti-human iL-iiRa antibodies

13.1 Ability to inhibit human IL-11/IL-11R mediated signalling

To investigate the ability of the anti-IL-11Ra antibodies to neutralise human IL-11/IL-11R

mediated signalling, cardiac atrial human fibroblasts were cultured in wells of 96-well plates in

the presence of TGFB1 (5 ng/ml) for 24 hours, in the presence or absenceof the anti-IL-11Ra

antibodies. This profibrotic stimulus promotes the expression of IL-11, which in turn drives the

transistion of quiescent fibroblasts to activated, aSMA-positive fibroblasts. It has previously

been shownthat neutralising IL-11 prevents TGFB1-induced transition to activated, aSMA-

positive fibroblasts.

Anti-IL-11Ra antibodies (2 ug/ml) were addedto fibroblast cultures that were stimulated with

TGFB1, and at the end of the 24 hour culture period, the percentage of aSMA-positive
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fibroblasts was determined. The percentages were normalised based on the percentage of

aSMA-positive fibroblasts observed in cultures of fibroblasts which had not been stimulated

with TGFB1.

Expression of aSMA was analysed with the Operetta High-Content Imaging System in an

automated high-throughput fashion.

Stimulation with TGFB1 resulted in a 1.58 fold increase in the number of aSMA-positive,

activated fibroblasts at the end of the 24 hour culture period in the absenceof anti-IL-11Ra

antibodies.

A commercial monoclonal mouse anti-IL-11 antibody (Monoclonal Mouse IgG2A; Clone

#22626; Catalog No. MAB218; R&D Systems, MN, USA) wasincluded as a control. This

antibody was found to be able to reduce the percentage of activated fibroblasts to 0.89 fold of

the percentage of activated fibroblasts in unstimulated cultures (i.e. in the absence of

stimulation with TGFB1).

The anti-IL-11Ra antibodies were found to beableto inhibit IL-11/IL-11R signalling in human

fibroblasts, and several were ableto inhibit IL-11/IL-11R signalling to a greater extent than the

monoclonal mouseanti-IL-11 antibody.

13.2 Ability to inhibit mouse IL-11 mediated siqnalling

The ability of the anti-IL-11Ra antibodies to inhibit mouse IL-11-mediated signalling was also

investigated, following the same procedure as described in section 13.1 above, but using

mouseatrial fioroblasts instead of human atrial fibroblasts.

Stimulation with TGFB1 resulted in a 2.24 fold increase in the number of aSMA-positive,

activated fibroblasts at the end of the 24 hour culture period in the absenceof anti-IL-11Ra

antibodies.

The commercial monoclonal mouse anti-IL-11 antibody (Monoclonal Mouse IgG2A; Clone

#22626; Catalog No. MAB218; R&D Systems, MN, USA) wasincluded as a control. This

antibody was found to be able to reduce the percentage of activated fibroblasts to 1.44 fold of

the percentage of activated fibroblasts in unstimulated cultures (i.e. in the absence of

stimulation with TGFB1).
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The anti-IL-11Ra antibodies were found to be able to inhibit IL-11/IL-11R signalling in mouse

fibroblasts, and several were ableto inhibit IL-11/IL-11R signalling to a greater extent than the

monoclonal mouse anti-IL-11 antibody.

13.3. Screening for ability to bind IL-11Ra

The mousehybridomas producing anti-human IL-11Ra antibodies were sub-cloned, and cell

culture supernatant from the subcloned hybridomas was analysed by “mix-and-measure” iQue

assayfor(i) ability to bind to human IL-11Ra, and (ii) cross reactivity for antigen other than IL-

11Ra.

Briefly, labelled control cells (not expressing IL-11Ra at the cell surface) and unlabelled target

cells expressing human IL-11Ra at their surface (following transient transfection with a

plasmid encoding a FLAG-tagged human IL-11Ra) were mixed together with the cell culture

supernatant (containing mouse-anti-IL-11Ra antibodies) and secondary detection antibodies

(fluorescently-labelled anti-mouse IgG antibody).

The cells were then analysed using the HTFC Screening System (iQue) for the two labels(i.e.

the cell label and the label on the secondary antibody). Detection of the secondary antibody

on the unlabelled, IL-11Ra expressing cells indicated ability of the mouse-anti- IL-11Ra

antibodies to bind to IL-11Ra. Detection of the secondary antibody on the labelled, control

cells indicated cross-reactivity of the mouse-anti-IL-11Ra antibodies for target other than IL-

11Ra.

As a positive control condition, labelled and unlabelled cells were incubated with a mouse

anti-FLAG tag antibody as the primary antibody.

The majority of the subcloned hybridomas expressed antibody which wasable to bind to

human IL-11Ra, and which recognisedthis target with high specificity.

13.4 Analysis of antibody affinity for human IL-11Ra

The anti-human IL-11Ra antibodies are analysedfor their affinity of binding to human IL-11Ra

by ELISA assay.

Recombinant human IL-11Ra is obtained from Genscript and Horseradish peroxidase (HRP)-

conjugated anti-human IgG (Fc-specific) antibody is obtained from Sigma. Corning 96-well

ELISA plates are obtained from Sigma. Pierce 3,3’ ,5,5-tetramethylbenzidine (TMB) ELISA

substrate kit is obtained from Life Technologies (0.4 g/mL TMB solution, 0.02 % hydrogen
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peroxidein citric acid buffer). Bovine serum albumin and sulphuric acid is obtained from

Sigma. Wash buffer comprises 0.05% Tween-20 in phosphate buffered saline (PBS-T).

Purified lgG controls are purchased from Life Technologies. Tecan Infinite 200 PRO

NanoQuantis used to measure absorbance.

Criss-cross serial dilution analysis was performed as described by Hornbecketal., (2015)

Curr Protoc Immunol 110, 2.1.1-23) to determine the optimal concentration of coating antigen,

primary and secondary antibodies.

An indirect ELISA is performed to assessthe binding affinity of the mouse anti-IL-11Ra

antibodies at 50%of effective concentration (ECs59) as previously described (Unverdorbenet

al., (2016) MAbs8, 120—128.). ELISA plates are coated with 1 ug/mL of recombinant human

IL-11Ra overnight at 4°C, and remaining binding sites are blocked with 2 % BSAin PBS. The

antibodies are diluted in 1% BSAin PBS, titrated to obtain working concentrations of 800,

200, 50, 12.5, 3.125, 0.78, 0.195, and 0.049 ng/mL, and incubated in duplicates for 2 hours at

room temperature. Detection of antigen-antibody binding is performed with 15.625 ng/mLof

HRP-conjugated anti-mouse IgG antibody. Following 2 hours of incubation with the detection

antibody, 100 yl of TMB substrate is added for 15 mins and chromogenic reaction stopped

with 100 ul of 2M H2SO,. Absorbance reading is measured at 450 nm with reference

wavelength correction at 570 nm. Data are fitted with GraphPad Prism software with log

transformation of antibody concentrations followed by non-linear regression analysis with the

asymmetrical (five-parameter) logistic dose-response curve to determine individual EC50

values.

13.5 Ability to inhibit human IL-11/IL-11R signalling in a variety of tissues

Ability of the antibodies to neutralise IL-11/IL-11R signalling in fibroblasts obtained from a

variety of different tissues is investigated, essentially as described in section 13.1 except that

instead of cardiac atrial humanfibroblasts, human fibroblasts derived from liver, lung, kidney,

eye, skin, pancreas, spleen, bowel, brain, and bone marrow are used for the experiments.

Anti-IL-11Ra antibodies are demonstrated to be capable of neutralising IL-11/IL-11R signalling

in fibroblasts derived from the various different tissues, as determined by observation of a

relative decrease in the proportion of aSMA-positive fibroblasts at the end of the 24 h culture

period in the presenceof the anti-IL-11Ra antibodies as comparedto culture in the absence of

the antibodies.

Example 14: Inhibition of fibrosis in vivo using anti-IL-11Ra antibodies
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The therapeutic utility of the anti-human IL-11Ra antibodies is demonstrated in vivo in mouse

models of fibrosis for various different tissues.

14.1. Heart fibrosis

A pumpis implanted, and mice are treated with Angll (2mg/kg/day) for 28 days.

Neutralising anti-IL-11Ra antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection. At the end of the experiment, collagen cantentis

assessedin the atria of the mice using a calorimetric hydroxyproline-based assaykit, and the

level of RNA expression of the markers or fibrosis Col1A2, aSMA (ACTA2) and fibronectin

(Fn1) were analysed by qPCR.

Mice treated with neutralising anti-IL-11Ra antibodies have a reducedfibrotic responsein

heart tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers offibrosis.

14.2 Kidneyfibrosis

A mouse modelfor kidneyfibrosis is established, in which fibrosis is induced by

intraperitoneal injection of folic acid (180mg/kg) in vehicle (0.3M NaHCQOs); control mice were

administered vehicle alone.

Neutralising anti-IL-11Ra antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection. Kidneys are removed at day 28, weighed and either

fixed in 10% neutral-buffered formalin for Masson’s trichrome and Sirius staining or snap-

frozen for collagen assay, RNA, and protein studies.

Total RNAis extracted from the snap-frozen kidney using Trizol reagent (Invitrogen) and

Qiagen TissueLyzer method followed by RNeasy column (Qiagen) purification. The cDNAis

prepared using iScriptTM cDNAsynthesis kit, in which each reaction contained 1g of total

RNA,as per the manufacturer's instructions. Quantitative RT-PCR gene expression analysis

is performed ontriplicate samples with either TaqMan (Applied Biosystems) or fast SYBR

green (Qiagen) technology using StepOnePlusTM (Applied Biosystem) over 40 cycles.

Expression data are normalized to GAPDH mRNAexpression level and the 2-AACt methodis

used to calculate the fold-change. The snap-frozen kidneys are subjected to acid hydrolysis

by heating in 6M HCI at a concentration of 50 mg/ml (95°C,20 hours). The amountoftotal

collagen in the hydrolysate is quantified based on the colorimetric detection of hydroxyproline
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using Quickzyme Total Collagen assay kit (Quickzyme Biosciences) as per the manufacturer’s

instructions.

Mice treated with neutralising anti-IL-11Ra antibodies have a reducedfibrotic responsein

kidney tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers offibrosis.

14.3 Lung fibrosis

Mice are treated by intratracheal administration of bleomycin on day 0 to establish a fibrotic

responsein the lung (pulmonaryfibrosis).

Neutralising anti-IL-11Ra antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection. Mice are sacrificed at day 21, and analysed for

differencesin fibrosis markers.

Mice treated with neutralising anti-IL-11Ra antibodies have a reducedfibrotic response in lung

tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markersoffibrosis.

14.4 Skin fibrosis

Mice are treated by subcutaneous administration of bleomycin on day O to establish a fibrotic

responsein the skin.

Neutralising anti-IL-11Ra antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection. Mice are sacrificed at day 21, and analysed for

differencesin fibrosis markers.

Mice treated with neutralising anti-IL-11Ra antibodies have a reducedfibrotic response in skin

tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markersoffibrosis.

14.5 Eye fibrosis

Mice undergo trabeculectomy on day0 to initiate a wound healing responsein the eye.

Neutralising anti-IL-11Ra antibodies, or control antibodies, are administered to different

groups of mice by intravenous injection, and fibrosis is monitored in the eye tissue.
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Mice treated with neutralising anti-IL-11Ra antibodies have a reduced fibrotic response in eye

tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markersoffibrosis.

14.6_Othertissues

The effect of treatment with neutralising anti-IL-11Ra antibodies on fibrosis is also analysed in

mouse modelsoffibrosis for other tissues, such astheliver, kidney, bowel, and is also

analysed in a modelrelevant to multiorgan (i.e. systemic) fibrosis.

Mice treated with neutralising anti-IL-11Ra antibodies have a reduced fibrotic response as

comparedto mice treated with control antibodies, as evidenced by reduced expression of

markersof fibrosis.

 
Decoy IL-11 Receptor molecules were designed and cloned into the pTT5 vectorfor

recombinant expression in 293-6Ecells.

Briefly, an insert for the plasmid comprising cDNA encoding the ligand binding domains D1,

D2 and D3 of gp130 in-frame with CDNA encoding either a 50 amino acid or 33 aminoacid

linker region, followed by cDNA encoding the ligand binding domains D2 and D3 of human IL-

11Ra, followed by cDNA encoding the FLAG tag. The cDNAinsert incorporated a leader

sequence, Kozak sequencesat the 5’ end, and included a 5’ EcoRI restriction site and a3’

Hindlll restriction site (downstream of a stop codon) for insertion into the pTT5 vector.

The two constructs encoding a decoy IL-11 receptor molecule having either a 50 amino acid

or 33 amino acid sequence are respectively designated Decoy IL-11 Receptor 1 (D11R1) and

Decoy IL-11 Receptor 2 (D11R2).

15.2 Decoy IL-i11 Recepter expression and purification

The constructs were transfected into 293-6E cells for recombinant expression and purification.

293-6E cells were grown in serum-free FreeStyle" 293 Expression Medium (Life

Technologies, Carlsbad, CA, USA). Cells were maintained in Erlenmeyer Flasks (Corning

inc., Acton, MA) at 37°C with 5% CO. on an orbital shaker (VWR Scientific, Chester, PA).
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One day before transfection, the cells were seeded at an appropriate density in Corning

Erlenmeyer Flasks. On the day of transfection, DNA and transfection reagent were mixed at

an optimal ratio and then added into the flask with cells ready for transfection. The

recombinant plasmids encoding DI1R1 and D11R2 were transiently transfected into

suspension 293-SE cell cultures on two separate days.

Cell culture supernatants were collected on day 6 and used for purification. Briefly, cell culture

broths were centrifuged andfiltrated. 0.5 ml of resin was added to cell culture supernatants

and incubated for 3-4 hours to capture the target protein.

After washing and elution with appropriate buffers, eluted fractions were analysed by SDS-

PAGE and Western blot using Rabbit anti-FLAG polyclonal Ab (GenScript, Cat.No.A0Q0170) to

confirm expression of the FLAG-tagged decoy IL-11 receptor molecules.

The purified species were quantified and stored at -80°C.

Example 16: Functional characterisation of Decoy IL-11 Receptors

16.1 Ability to inhibit human IL-11 mediated signalling

To investigate ability to neutralise human IL-11-mediated signalling, cardiac atrial human

fibroblasts were cultured in wells of 96-well plates in the presence of TGFR1 (5 ng/ml) for 24

hours, in the presence or absenceof various concentrations of DiiRt or D11Re2.

TGFB1 promotes the expression of IL-11, which in turn drives the transition of quiescent

fibroblasts to activated, aSMA-positive fibroblasts. It has previously been shownthat

neutralising IL-11 prevents TGF61-inducedtransition to activated, aSMA-positive fibroblasts.

Expression of aSMA was analysed with the Operetta High-Content Imaging System in an

automated high-throughput fashion.

D11R1 or 011R2 were added tofibroblast cultures that were stimulated with TGF£1 atfinal

concentrations of 5 ng/ml, 50 ng/ml and 500 ng/ml, and at the end of the 24 hour culture

period, the percentage of aSMA-positive fibroblasts in the culture was determined.

Both D11R1t and D11R2 were demonstrated to be capable of neutralising signalling mediated

by human IL-11 in a dose-dependent manner.
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The results of the experiments are shown in Figures 32A and 32B. Both Di1Ri and DiiR2

were demonstrated to be capable of neutralising signalling mediated by humanIL-11 ina

dose-dependent manner.

The ICsg for the DI11R1t and D1iR2 maiecules was determined to be ~1 nM.

16.2 Ability to inhibit mouse IL-11 mediated signalling

The ability of D11Ri and D11F2 to inhibit mouse IL-11-mediated signalling is investigated,

following the same procedure as described in section 16.1 above, but using mouse dermal

fibroblasts instead of human atrial fibroblasts.

DIIRi and D11R2 are demonstrated to be capable of neutralising IL-11/IL-11R signalling in

mouse dermalfibroblasts, as determined by observation of a relative decrease in the

proportion of aSMA-positive fibroblasts at the end of the 24 h culture period in the presenceof

D1i1Ri or D14R2 as compared to culture in the absence of the decoy IL-11 receptors.

16.3 Analysis of decoy IL-11 receptoraffinity for IL-11

D11R1 and 011R2 are analysed for their affinity of binding to human IL-11 by ELISA assay.

Recombinant human IL-11 was obtained from Genscript and Horseradish peroxidase (HRP)-

conjugated anti-FLAG antibody is obtained. Corning 96-well ELISA plates were obtained from

Sigma. Pierce 3,3’,5,5°-tetramethylbenzidine (TMB) ELISA substrate kit was obtained from

Life Technologies (0.4 g/mL TMBsolution, 0.02 % hydrogen peroxidein citric acid buffer).

Bovine serum albumin and sulphuric acid was obtained from Sigma. Wash buffer comprised

0.05% Tween-20 in phosphate buffered saline (PBS-T). Tecan Infinite 200 PRO NanoQuantis

used to measure absorbance.

An indirect ELISA is performed to assessthe binding affinity of Di11R4 and D11R2 at 50% of

effective concentration (ECs,) as previously described (Unverdorben et al., (2016) MAbs 8,

120—128.). ELISA plates are coated with 1 ug/mL of recombinant human IL-11 overnight at

4°C and remaining binding sites were blocked with 2 % BSA in PBS. D11R1 and D11R1 are

diluted in 1% BSAin PBS, titrated to obtain working concentrations of 800, 200, 50, 12.5,

3.125, 0.78, 0.195, and 0.049 ng/mL, and incubated in duplicates for 2 hours at room

temperature. Detection of antigen-decoy IL-11 receptor binding is performed with HRP-

conjugated anti-FLAG antibody. Following 2 hours of incubation with the detection antibody,

100 yl of TMB substrate is added for 15 mins and chromogenic reaction stopped with 100ul

of 2 M H2SQ,. Absorbance reading is measured at 450 nm with reference wavelength

5154516.1

Ex. 2001 - Page1780



Ex. 2001 - Page1781

20

25

30

35

-89-

correction at 570 nm. Data arefitted with GraphPad Prism software with log transformation of

decoy IL-11 receptor concentrations followed by non-linear regression analysis with the

asymmetrical (five-parameter) logistic dose-response curve to determine EC50 values.

The same materials and procedures as described above were performed to determine the

affinity of binding to recombinant murine IL-11 obtained from Genscript.

16.4 Ability to inhibit human IL-11 mediated signalling in a variety of tissues

Ability of the decoy IL-11 receptors D11R1 and D11R2 to neutralise IL-11-mediated signalling

in fibroblasts obtained from a variety of different tissues is investigated, essentially as

described in sections 18.1 except that instead of cardiac atrial humanfibroblasts, human

fibroblasts derived from liver, lung, kidney, eye, skin, pancreas, spleen, bowel, brain, and

bone marrow are used for the experiments.

D1i1Ri and D112 are demonstrated to be capable of neutralising signalling in fibroblasts

derived from the various different tissues, as determined by observation of a relative decrease

in the proportion of aSMA-positive fibroblasts at the end of the 24 h culture period in the

presenceof the decoy IL-11 receptors as comparedto culture in the absence of the decoyIL-

11 receptors.

Example 17: Inhibition of fibrosis in vivo using decoy IL-11 receptors

The therapeutic utility of the decoy IL-11 receptors is demonstrated in in vivo mouse models

of fibrosis for various different tissues.

17.1 Heart fibrosis

A pumpis implanted, and mice are treated with Angll (2mg/kg/day) for 28 days.

Decoy IL-11 receptors D11R1 or D11R2 are administered to different groups of mice by

intravenous injection. At the end of the experiment, collagen content is assessedin the atria of

the mice using a calorimetric hydroxyproline-based assaykit, and the level of RNA expression

of the markersorfibrosis Col1A2, aSMA (ACTA2) and fibronectin (Fn1) were analysed by

qPCR.

Mice treated with decoy IL-11 receptors have a reduced fibrotic response in heart tissue as

compared to untreated/vehicle treated controls, as evidenced by reduced expression of

markersof fibrosis.
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17.2 Kidneyfibrosis

A mouse modelfor kidneyfibrosis is established, in which fibrosis is induced by

intraperitoneal injection of folic acid (180mg/kg) in vehicle (0.83M NaHCQs); control mice were

administered vehicle alone.

Decoy IL-11 receptors D11R1 or D11R2 are administered to different groups of mice by

intravenous injection. Kidneys are removed at day 28, weighed and either fixed in 10%

neutral-buffered formalin for Masson’s trichrome and Sirius staining or snap-frozen for

collagen assay, RNA, and protein studies.

Total RNAis extracted from the snap-frozen kidney using Trizol reagent (Invitrogen) and

Qiagen TissueLyzer method followed by RNeasy column (Qiagen) purification. The cDNAis

prepared using iScriptTM cDNAsynthesis kit, in which each reaction contained 1g of total

RNA,as per the manufacturer's instructions. Quantitative RT-PCR gene expression analysis

is performed ontriplicate samples with either TaqMan (Applied Biosystems) or fast SYBR

green (Qiagen) technology using StepOnePlusTM (Applied Biosystem) over 40 cycles.

Expression data are normalized to GAPDH mRNAexpression level and the 2-AACt methodis

used to calculate the fold-change. The snap-frozen kidneys are subjected to acid hydrolysis

by heating in 6M HCI at a concentration of 50 mg/ml (95°C,20 hours). The amountoftotal

collagen in the hydrolysate is quantified based on the colorimetric detection of hydroxyproline

using Quickzyme Total Collagen assay kit (Quickzyme Biosciences) as per the manufacturer's

instructions.

Mice treated with decoy IL-11 receptors have a reduced fibrotic responsein kidney tissue as

comparedto untreated/vehicle treated controls, as evidenced by reduced expression of

markersof fibrosis.

17.3 Lung fibrosis

Mice are treated byintratracheal administration of bleomycin on day 0 to establishafibrotic

responsein the lung (pulmonaryfibrosis).

Decoy IL-11 receptors D11R1 or D11R2 are administered to different groups of mice by

intravenous injection. Mice are sacrificed at day 21, and analysedfor differencesin fibrosis

markers.
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Mice treated with decoy IL-11 receptors have a reduced fibrotic responsein lung tissue as

compared to untreated/vehicle treated controls, as evidenced by reduced expression of

markers offibrosis.

17.4 Skin fibrosis

Mice are treated by subcutaneous administration of bleomycin on day O to establish a fibrotic

responsein the skin.

Decoy IL-11 receptors D11R1 or D11R2 are administered to different groups of mice by

intravenous injection. Mice are sacrificed at day 21, and analysed for differencesin fibrosis

markers.

Mice treated with decoy IL-11 receptors have a reducedfibrotic responsein skin tissue as

comparedto untreated/vehicle treated controls, as evidenced by reduced expression of

markersoffibrosis.

17.5 Eye fibrosis

Mice undergo trabeculectomy procedure as described in Example 7.6 aboveto initiate a

wound healing responsein the eye.

Decoy IL-11 receptors D11R1 or D11R2 are administered to different groups of mice by

intravenous injection, and fibrosis is monitored in the eye tissue.

Mice treated with decoy IL-11 receptors have a reducedfibrotic response in eye tissue as

comparedto untreated/vehicle treated controls, as evidenced by reduced expression of

markersoffibrosis.

17.6 Other tissues

The effect of treatment with decoy IL-11 receptors D11R1 or D11R2 on fibrosis is also

analysed in mouse modelsoffibrosis for other tissues, such as theliver, kidney, bowel, and is

also analysed in a model relevant to multiorgan (i.e. systemic) fibrosis.

The fibrotic response is measured and compared between micetreated with decoy IL-11

receptors and untreated mice, or vehicle treated controls. . Mice treated with decoy IL-11

receptors have a reduced fibrotic response as compared to untreated/vehicle treated controls,

as evidenced by reduced expression of markersoffibrosis.
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Example 18: Genetic biomarkers for IL-11 response

In addition to measuring IL-11 protein as a potential biomarkerforfibrosis, we developed an

assay that can predict IL-11 secretion status in humans. This assay could be used as a

companion diagnostic in IL-11-related clinicaltrials.

Wefirst generated RNA-seg data (Figure 16Error! Reference source not found.) and

determined the genotype of 69 ethnically matched (Chinese) individuals in the cohort using a

SNP array based on fluorescent probe hybridization supplied by Illumina

(HumanOmniExpress 24).

Wethen performed genome-wide linkage eQTL analysis to assess whether Single Nucleotide

Polymorphisms (SNPs) affect RNA transcript levels of IL-11 or IL-11RA in unstimulated

fibroblasts, in TGFB1 stimulated (5ng/ml, 24h) fibroblasts. We also tested if the increase in IL-

11 upon TGF£1 stimulation (= response) was dependent on the genotype.

At first we quantified the read count for both IL-11 and IL-11RAin all individuals and

transformed these counts using the variance stabilization (VST) approach of the DESeq2

method (Love et al., Genome Biology 2014 15:550). We then considered IL-11 and IL-11RA

expression in unstimulated (VSTunstin) and stimulated (VST-tin) cells. To assess the increasein

IL-11, we also computed the delta in expression as VSTostim — VSTunstim. We corrected the

expression values using covariates such as RNA sequencinglibrary batch, RNA RIN quality

score, library concentration, library fragment size, age, gender before analyses. SNP and

transcript expression, or delta expression, pairs were analysed using the matrix eQTL

approach (Andrey A. Shabalin., Bioinformatics 2012 May 15; 28(10): 1353-1358).

Wedid not observe variation in cis or trans that significantly affected IL-11 expression in

unstimulated cells. However, we detected distant SNPs that regulated the expression in

stimulated = fibrotic fibroblasts. These variants stratify the population betweenindividuals that

do express low levels of IL-11 and those that express high amountsof IL-11 in fibrosis. We

also detected local and distal variants that predicted the increase in IL-11 expression in

response to TGF81. These variants can be usedto stratify individuals into high and low

respondersin fibrosis.

The SNPsidentified are shown in Figures 33 to 35 and accompanying data is shown in

Figures 36 and 37.
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POST AIA
SHS ANRC  SASSYENSNSNSPINWAAASSAARINEN os

DECLARATION (37 C.F.A. § 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 C.FLR, § 4.76)SAARI

 

 
 
 
 
 
 
 
 
 
 
  
 
 

 

 SARE   

THis of
invention TREATMENT OF FIBROSIS

   
serpraidiinaetiaitbinuennnis sochentgntnngeetatectndisinneebahusdadesiidsceneensasoneuatisidseppenersncnsbonnsnaennrennstot

3 below namad inventor, declare thak

This daclaration
is direcied to:

[| The attached application, or

be United Slates aplication or PCT international apolication numberTBs
filed on December 16, 2016

The above-identitied application was made or authorized to be made byos.

 1 believe | am the original Inventoror anoriginal joint inventor af a claimed inveniion in the application,

i have reviewed and understand the contents of the above-idantified application, including the claims,

j acknowledge the duty to cleclose to the
material to patentability as defined in 3f 

Intted States Patent and Trademark Office all information knownto vie to be

All siaternents made herein of my own knowledge ere irus, arc all statements made herein cn information and belief are
bolleved to be true.

hereby acknowledge that anywillful jaise statement and the like make in this declaration is purishable by fine or
imprisonment of not mors than five (5) years, or both, under 18 U.S.C. § 1804, and may jeopardize the validity of tha
application or any patent leauing thereon,

 
LEGAL NAME OF SOLE ORFIRST INVE

Inventor one: Stuart Alexander Gook

 LEGAL!eoveuueeccone  

inventor three: Date:

Signature:

TEGAL NAME OF ADDITIONAL JOINT INVENTOR, f any  
Inventor four: ee Date: 

ignature:
 

Additional Inventors are being named onproceeng§OF   

ATTORNEY Docket No. M0546.70012US00 PaGe tort
S15886a4
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Application Data Sheet

Inventor Information

Inventor Number::

Given Name::

Middle Name::

Family Name::

City of Residence::

Country of Residence::

Street of mailing address::

City of mailing address::

Country of mailing address::

Postal or Zip Code of mailing address::

Inventor Number::

Given Name::

Family Name::

City of Residence::

Country of Residence::

Street of mailing address::

City of mailing address::

Country of mailing address::

Page # 1

{

Stuart

Alexander

Cook

Singapore

Republic of Singapore

6 Sunset Square

Clementi Park

Singapore

Republic of Singapore

597304

2

Sebastian

Schaefer

Singapore

Republic of Singapore

76 Shenton Way

76 Shenton #24-04

Singapore

Republic of Singapore

New 05/24/2018

6332695.1
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Postal or Zip Code of mailing address::

CorrespondenceInformation

Correspondence Customer Number::

Application Information

Application Type::

Subject Matter:

CD-ROM or CD-R?::

Sequence submission?::

Computer Readable Form (CRF)?::

Title::

Attorney Docket Number::

Requestfor Early Publication?::

Request for Non-Publication?::

Total Drawing Sheets::

Small Entity?::

Petition included?::

Portionsorall of the application associated with this

Application Data Sheet mayfall under a Secrecy

Order pursuant to 37 CFR 5.2::

Representative Information

Representative Customer Number::

Page #2

079119

23628

Regular

Utility

None

Yes

Text Format

TREATMENTOFFIBROSIS

M0546.70012US01

No

No

66

No

No

No

23628

New 05/24/2018
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Domestic Priority Information

Application:: Continuity Type::|Parent Application::|Parent Filing
Date::

This Application Division of

Prior Appl
Status::

15/381622 12/16/16 
Foreign Priority Information

Country:: Application Filing Date:: Priority DAS
number: Claimed:: Access:: United Kingdom 1522186.4 12/16/15 YesPo

Applicant Information

Applicant Number::

Applicant Type::

Organization Name::

Street of mailing address::

City of mailing address::

Country of mailing address::

Postal or Zip Code of mailing address::

Applicant Number::

Applicant Type::

Organization Name::

Street of mailing address::

City of mailing address::

Page #3

{

Assignee

Singapore Health Services PTE LTD.

#03-03, Bowyer Block

31 Third Hospital Avenue

Singapore

Republic of Singapore

168753

2

Assignee

National University of Singapore

21 Lower Kent Ridge Road

Singapore

New 05/24/2018
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Country of mailing address::

Postal or Zip Code of mailing address::

Republic of Singapore

119077

AssigneeInformation Including Non-Applicant Assignee Information

Assignee Number::

Organization Name::

Street of mailing address::

City of mailing address::

Country of mailing address::

Postal or Zip Code of mailing address::

Assignee Number::

Organization Name::

Street of mailing address::

City of mailing address::

Country of mailing address::

Postal or Zip Code of mailing address::

{

Singapore Health Services PTE LTD.

#03-03, Bowyer Block

31 Third Hospital Avenue

Singapore

Republic of Singapore

168753

2

National University of Singapore

21 Lower Kent Ridge Road

Singapore

Republic of Singapore

119077

Page #4 New 05/24/2018
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Authorization or Opt-Out of Authorization to Permit Access

Whenthis Application Data Sheetis properly signed andfiled with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

 

Should applicant choose notto provide an authorization identified in subsection 1 below, applicant must opt-outof the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE:This section of the Application Data Sheet is ONLY reviewed and processed with the INITIALfiling of an
application. After the initialfiling of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX)- Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the KoreanIntellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any otherforeign intellectual property office
participating with the USPTOin a bilateral or multilateral priority document exchange agreementin which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
andits related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the dateoffiling of this Authorization. See 37 CFR 1.14(h)
(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO accessto the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOTauthorize the USPTOto permit a participating foreign IP office accessto the instant
application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTOto transmit to the EPO any search results from the instant patent
application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.

NOTE: Oncethe application has published or is otherwise publicly available, the USPTO mayprovide accessto the
application in accordance with 37 CFR 1.14.

 
Page #5 New 05/24/2018

Ex. 2001 - Page1856



Ex. 2001 - Page1857

Signature:
 

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIALfiling of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or morejoint inventors, this form must be signed by a
patentpractitioner, all joint inventors who are the applicant, or one or morejoint inventor-applicants who have been given
power ofattorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature|/Amy J. McMahon/ Date (YYYY-MM-DD)|2018-05-24
 

   Name Amy J. McMahon, PhD Registration Number|73,073

Page #6 New 05/24/2018
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Application No.: Not Yet Assigned 5 Docket No.: M0546.70012US01

REMARKS

Entry of this amendmentprior to examination and calculation of the claim fees is

respectfully requested.

The application has been amended to update the Related Applications section of the

specification. No new matter has been added.

Claims 1-20 were previously pendingin this application. By this amendment, Applicantis

canceling claims 2-20 without prejudice or disclaimer. Claim 1 is amended. New claims 21-29 are

added. Support for the claims as amended can be found in the application asfiled, e.g., as shown in

the below table. As a result, claims 1 and 21-29 are pending for examination with claim 1 being an

independent claim. No new matter has been added.

Table of Example Claim Support

Claim Example Support from Application as Filed

1 Page 3, lines 27-29; page 6, lines 27-29; page 7, lines 12-21;

page 8, lines 1-3; page 24, lines 20-24; page 25, lines 17-18

21 Page 2, lines 32-36; page 3, lines 31-32; page 25, lines 28-30

:

29 Page8, lines 33-36

6 Page8, lines 19-21  
6332365.1
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Application No.: Not Yet Assigned 6 Docket No.: M0546.70012US01

The pending application is believed to be in condition for substantive examination.

Dated: May 24, 2018 Respectfully submitted,

By /Amy J. McMahon/
Amy J. McMahon, PhD
Registration No.: 73,073
WOLF, GREENFIELD & SACKS,P.C.
600 Atlantic Avenuc

Boston, Massachusetts 02210-2206
617.646.8000

6332365.1
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Application No.: Not Yet Assigned 3 Docket No.: M0546.70012US01

AMENDMENTS TO THE CLAIMS

Please replace all prior versions, and listings, of claims in the application with the following

list of claims:

1. (Currently Amended) A methodoftreating fibrosis in a human subject, the method

comprising administering to a human subjectin need of treatment a therapeutically effective amount

of an Interleukin 11 receptor a CL-1 lRojanti+mterteukintt-d£-1¥antibody_whichis capable of;

wherenthe-anttT_—}antibedsbindsteth—tandiahibits inhibiting Interleukin 11 (L-11)

mediated signalling, wherein the fibrosis is fibrosis of the heart, liver, kidney or eye.

2-20). (Canceled)

21. (New) The method of claim 1, wherein the antibody is capable of inhibiting or reducing the

binding of IL-11 to an IL-11 receptor.

22. (New) The method of claim 1, wherein the antibody is an IL-11Ra binding antibody.

23. (New) The method of claim 1, wherein the fibrosis is in the heart and is associated with

dysfunction of the musculature or electrical properties of the heart, or thickening of the walls or

valves of the heart.

24, (New) The methodof claim 1, wherein the fibrosis is in the liver and is associated with

chronic liver disease or liver cirrhosis.

25. (New) The methodof claim 1, wherein the fibrosis is in the kidney and is associated with

chronic kidneydisease.

26. (New) The method of claim 1, wherein the fibrosis is in the eye andis retinal fibrosis,

epiretinal fibrosis, or subretinal fibrosis.

27. (New) The method of claim 1, wherein the methodoftreating fibrosis comprises

administering said antibody to a subject in which IL-11Ra expressionis upregulated.

6332365.1
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Application No.: Not Yet Assigned 4 Docket No.: M0546.70012US01

28. (New) The methodof claim 1, wherein the methodoftreating fibrosis compriscs

administering said antibody to a subject in which IL-11Rqa expression has been determined to be

upregulated.

29. (New) The methodof claim 1, wherein the methodoftreating fibrosis compriscs

determining whether IL-11Ro expression is upregulated in the subject and administering said

antibody to a subject in which IL-11Re expression is upregulated.

6332365.1
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NoApplication No.: Not Yet Assigned Docket No.: M0546.70012US01

AMENDMENTS TO THE SPECIFICATION

Please amend the paragraph beginning on page1, line 5 entitled “RELATED

APPLICATIONS” with the following amended paragraph:

RELATED APPLICATIONS

The present application is a divisional application of U.S. Application No. 15/381,622, filed

December16, 2016, which claimspriority under 35 USC § 119(a)-(d) to United Kingdom

Application No. 1522186.4, filed December 16, 2015. The entire contents of the aforementioned

applications arethis-appleatienis hereby incorporated by reference herein.

 

6332365.1
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Docket No.: M0546.70012US01

(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

First Named Inventor: Stuart Alexander Cook

Application No.: Not Yet Assigned
Confirmation No.: Not Yet Assigned
Filed: Concurrently Herewith
For: TREATMENTOF FIBROSIS

Examiner: Not Yet Assigned
Art Unit: Not Yet Assigned

FIRST PRELIMINARY AMENDMENT UNDER37 C.E.R.§1.115 

Mail Stop Amendment
Commissioncr for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

INTRODUCTORY COMMENTS

Prior to examination on the merits, please amend the above-identified U.S. patent

application as follows:

Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claimsare reflected in the listing of claims which begins on page 3 of

this paper.

Remarks/Arguments begin on page 5 of this paper.

6332365.1
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Dac Gade: PA.
Document Gescription: Power of Attarnay

PYOVAIAG2R (O7- 13)014. OME 0655-6054
COMMERGE

foi number

 Approved for use through: 11/0.2 Trademark Otfiog, LES. DEPARTMENT ©
of information uniess4displays a valid OME

    

 
 

  SANS .

POWER OF ATTO

thereby revoke al previous powers of attorney given in the apotication identified in-elther the attached transmittal letter
or the boxes below.

 

SAS

Aphiloation :hunibeg FittngOne

  
 ihe following Customer Number as my/ouratiorsey(s) or agent{s),

cappication |

referenced in the attached transmittal letter (arm PTOVAIA/S2A) or identified above: 24628 ,
OR

 

 
: [x] i hereby appoint the Patent Fractiticner(s} associaied witand to transact all business in the United States Patent and Trademark Office connecied therewith for

ereeens shed list (form PTO/AMV82C) as my/our attorney(s) or agent(s}, arid to transact |
application raferenced inthe 3
MBAS. Y

 
; Y | heraby appoint Practitionaris) named in the att

: Lead ai business in the United States Pateni and Trademark Office connected therewith for the pale
attached transmittal fetter (orm PTOVAIA/G2A) or identified ahove. (Note: Complete form PPOs

 

 
 

  

i Please recognize or change the correspondence address for the application identified in the attached transmittal
} letter or the boxes above to:

i [ | The address associated with the above-mentioned Gusiomer NumberOR

 
 
 
 
 
 
 

 

peice
Email {    

  Hoant is a furistic ently, 

 National University of Singapore

inventor or Joint Inventor (ithe not required below}

Lagal Represeniative of a Deceased or Legally incapacitated Inventor (title not required below}

(orovide signer's tile tf applicgnd is 3 juristic antiyy Assignee or Person to Whom the Inventor is Under an Obligation io Assi

Pearson Who Otherwise Shows Sufficient Proprietary interest (e.g., a seililon under 37 CFR 1.48(b}(2) was granted in
i eation or is concurrenily being fled with this document (provide signer's tile Wf apalicant ts a furiatic 3 
 
 
 
 

  

Date (Optional

et

 
 

  

 
 

 EE ise SIRSanSNSest In accordance with 37 CFR 1.33, See $7 CPR1.4 far sSENET WSe multip

  forms are submitiod,

$184560.1
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Dag Gade: PA.
Document Besoription: Power of Atiomey PTOMAIA/82B (07-13)

Approvad for use through 11/40/2014, OMB 9851-0054
U.S, Patent and Trademark Office: U.S. DEPARTMENTOF COMMERCE

Undering Paperwork Fieduction Act of 1995, no persons are required te respand fo 3 collection ad information uniess it displays a valid OME contro! number

POWER OF ATTORNEYBY APPLICANT
thereby revoke all previous powers of afiorney given in theap fieation identified In either the attached transmittal letter "

ior the boxes below. aonnovoovamistn
Application Namber | Filikg Dats

 

a

R81 G28 Sey] 5, 2018
iNete: The boxes above may be fef#blavik|if information is provided on form PTOYAIA/82A.)

i { hereby appoint the Patent Practitioner(s) associated with the tollowing Customer Number as my/our atlarmey{sy or agentXs).
and to ransact all business in the United States Patent and Trademark Office connectedtherewithfortheapplpation:
referenced in the attached transmittal letter (form PTO/AIA/82A)}oridentified above:
oR

— i hereby appoint Practitioner(s} named in the attached list (form PTO/AIA/82C) as my/our attomey{e) oy agent{s), and to transact. 4ali business in the United Slates Patent and Trademark Oltice corinacted therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/82A)or identified above. (Note: Comptete farm PTOVAIA/82C.}SARAHB Aen

| Please recognize ar change the correspondence address for ths application identified in the allached transmitial
j fetter or the boxes above io:

i| | The addrass associated with the above-mentioned Customer NumberOR

[ The address associated with Customer Number:
OR

[Firm or .
dividual Name

Address

City [State |
| Coun

‘Felephone_
iam the Appiicant (if the Applicant is 2 juristic entity, lisst the Applicant namein ihe boxh

Singapore Health Services PTE LTD.

woh

invertor or Joint inventor(litle not required below}

| | Legal Representative of a Deceased or Legally incapacitated Inventor (title not required below}x| Assignee or Person to Whamthe Invenior is Under an Obligation to Assign (provide signers title if applicantis a juristic entity) |'
[ Person Who Otherwise Shows Sufficient Praprietary Interest (8.g., & petition under 87 GFR 4 48(D)2} was granted in

soot the application or is cone: thy being filed with this document) (provide signers title if applicant is a juristic entity)
™ SIGNATURE of Applicantfor Patent

|The undersigned (whose tle is 4 got on behalf of the applicant (e.g., where the applicant is a jurstic entity).
Signature

Name
Tle

 Sighahhe-Thbctann nsuat be signed by the appli
Hone. 1mone thanone applicant, use multipte fo

_ farms are submitted,

 
B184559 4
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Electronic Patent Application Fee Transmittal

Filing Date:

Title of Invention: TREATMENTOFFIBROSIS

First NamedInventor/Applicant Name: Stuart Alexander Cook

Amy Jeanette McMahon/Nancy Arsenault

Attorney Docket Number: M0546.70012US01

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Sub-Totalin

Description Fee Code Quantity Amount USD(S) 

Basic Filing:

UTILITY APPLICATION FILING 300 300 

UTILITY SEARCH FEE 1 660 660

00 400UTILITY APPL SIZE FEE PER 50 SHEETS >100 1 4

  
 

Claims:

Miscellaneous-Filing: 

Petition:
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Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

Miscellaneous:

 
Total in USD (S$) 2120
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Electronic AcknowledgementReceipt

a

seen

Title of Invention: TREATMENTOFFIBROSIS

First Named Inventor/Applicant Name: Stuart Alexander Cook

Customer Number: 23628pe
a

ee

Application Type: Utility under 35 USC 111{a)

 
 

Paymentinformation:

Deposit Account 232825

Authorized User Wolf Greenfield

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpaymentas follows:

37 CFR 1.16 (National applicationfiling, search, and examination fees)
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Document Document Description File Size(Bytes)/ Multi Pages
Number P Message Digest|Part /.zip| (if appl.)

1Transmittal of New Application M054670012US01-TRN-AM.pdf| 896973498505 7b0ab2Sa92edfS5ef50535
Océfs

Information:

Fee Worksheet (SB06) M054670012US01-FEE-AM.pdf dee2f3c72b1fc21867820561 faacdb4fcbfal

Information: 

467461

M054670012US01-UTLAPL-AM.

pdf d35ecd873c3055f83003 e9f4.c5dae42769e-
97ac
 

Multipart Description/PDFfiles in .zip description 

DocumentDescription

Abstract
 

Claims
 

Specification

 
 

Warnings:

Information:

5131255

Drawings-other than black and white M054670012US01-DRW-AM.
line drawings pdf 314853caad.9a9a91 56463 17eced 9ede4ob)

a3e28

Information:

134507

M054670012US01-INVDEC-AM
Oath or Declarationfiled

pdf Sab6b23c41464e0353761 d3a38a5f2fseaed
b275
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Information:

Application Data Sheet M054670012US01-ADS-AM.pd dc991bc5f64c26bf7ee693 2f8bd52ale2a3!
0164

M054670012US01-PAMN-AM.

pdf 9638508132179oa2eebaba01 965fb00dcB65c

Multipart Description/PDFfiles in .zip description

 

Warnings: 

Information:

This is not an USPTO supplied ADSfillable form

DocumentDescription

Applicant Arguments/Remarks Made in an Amendment psfw

“pecans

Warnings: 

Information:

M054670012US01-POA-NUS-

Powerof Attorney AM.pdf db2c7ea489ad 147aba 1 Sf66iae Sf92aad If1
ffel

 

Warnings:

Information:

M054670012US01-POA-SHS-

Powerof Attorney AM pdf 108991988b73Saeb22c23863a26224fe635|
e570

 
Information:

SequenceListing (Text File) M054670012US01-SEQ-AM.txt
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Fee Worksheet (SB06) fee-info.pdf 2781966d3ecd84e296528af73d83f1e916e

Information: 

TotalFiles Size (in bytes); 6107966 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable.It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new applicationis being filed and the application includes the necessary componentsfor a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling date of the application.
National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptanceof the application as a
national stage submission under35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
NewInternational Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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