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Fig. 3 - Treatment with rhlL-11 in nephrotoxic nephritis (NTN).
Treatment with high-dose lL-11 reduced expression of glom-
erular TGF-B1 (A), glomerular tx-SMA (C), periglomerular
tx-SMA (D), glomerular fibronectin (E) and periglomerular
fibronectin (F) in comparison with vehicle-treated rats. The
reduction in glomerular p-p38 MAPK (B) was not significant.

 

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

dose of lL-11 reduced glomerular expression of TGIF-(31,
Oi-SMA and fibronectin in NTN. To our knowledge, the
present study is the first demonstration that administration

of rhlL-11 may alleviate glomerular expression of TGIF-B1
activation of myofibroblasts and extracellular matrix depo-
sition in experimental glomerulonephritis.
In the kidney, myofibroblasts may derive from perivasoular

smooth muscle cells, pericytes and interstitial fibroblasts,

after stimulation by cytokines such as TGF-B1 and lL-1B
(15-17). Myofibroblasts are implicated in the development

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

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

mesangial expression was increased on clay 6, when the fi-
bronectin expression was also increased. The periglomeru-

lar a-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 p38 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).
MKPs are a family of protein phosphatases, which are re-

sponsible for the dephosphorylation and inactivation of

MAPKs. MKPs are activated simultaneously with MAPKs
(20, 21), and they may be responsible for p-p38 MAPK in-

activation. In the present study this inactivation seemed

to be transient, because p38 MAPK was reactivated 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 lL-11—treated rats. These results suggest that

glomerular expression of TGF-[31 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 TGIF-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 MAPK inhibitor(SD 282) (2 ).
In our previous report, both high and low doses of lL-11

reduced proteinuria and glomerular fibrinoid necrosis, but

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

the number of infiltrating macrophages; a low dose (800

ug) of rhlL-11 reduced only the number of activated mac-
rophages, not the total number of macrophages. Based on
this reduction, the anti-TGF effect of lL-11 could be attrib-

uted to its anti-inflammatory properties, a mechanism that

has also been described for other agents (24). However,
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the fact that low-dose rhlL-11 was enough to reduce IL-

10 production, and macrophage activity, but not TGF-B1,
ot-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
enough to justify its anti-TGF effect, which requires higher
dosage, and is also independent from p38 MAPK dephos-

phorylation and inactivation. One of the speculations is that
the reduction in the number of glomerular macrophages is

needed to reduce the TGIF-[31 expression. Further work is
needed to investigate this possibility.

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

dose-dependent effect 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 lL-11 and also novel

treatment strategies in patients with glomerulonephritis.
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Transcription Via Complex Activating Proteinmlailepemieut
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Studies were undertaken to characterize the mecha-

nism by which transforming growth factor-.61 (TGF—fi.)
stimulates epithelial cell interleukin (Ha-ll production.
Nuclear run—0n studies demonstrated that TGF—fi] is a
potent stimulator (3f lL-ll gene transcription. THE-431
also stimulated the luciferase activity in cells trans
fected with reporter gem: constructs containing nude»
otides ~728 to +58 of the ILull. promoter. Studies with.
progressive 5" deletion constructs and site-specific mun
tatlons demonstrated that this stimulation was depend.»
cut on 2 AP-l sites between nucleoticies -— 10:53 and "-82 in

the 1142—11 promoter. Mobility shift assays demonstrated
that TGFvfil stimulated AP-l protein-DNA bincfing to
both AP- 1 sites. Super-shift analysis demonstrated that
Junfl was the. major moiety contributing to AP-1 -DNA
binding in unstimulated! cells and that c-J4141-. Fra——l-,
and Fra-Z-DNA binding were increased whereas Jun!)-
DNA binding was (leer-eased in TGF—fil-stimulatecl cells.
The. sequence in the ID“ promoter that contains the
AP-l. sites also conferred. TGF-fil responsiveness, in a
Izosltionnlntlependent 'fl’ashlon, on a lieterologeus minim
mal promoter. Thus, TGF-Bl stimulates IL-ll gene tram»
fieripfion Via. a complex AP-l dependent pathway that is
(lcpemlent on 2 AP-l motifs between. nucleotides —1|.1}(1
and "-82 that function as an enhancer in the lL-ll

promoter.

Interle ohm—11 (IL-11)1 was originally discovered as a soluble
factor 4'14 supernatants from transformed Shame}. cells that
Stimulated plasmacytoma cell proliferation (1‘4. It. has subse-
quently been shown to be a pleiotropic member ol’the I] 6-type
cylcklue family that mediates s biologic 2 Villas V43.ahmdlug‘
to a multimeric receptor complex 41', at contains the 543130 mol-
eculc’2-u5) Among its many effects 444£3 the ahihy 1:0 regulate.
hematopo-esls. rsLilo-dale the prod:Action (at aculc phase pro-
t-z3444s induce 1:he tib , )i?:04 of metalloprotclnasc4, 4£'3gu-
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late bone metabolism, and alter epithelial proliferah(4n =2,
6—10). Studies from our laboratories and others have also (lem—
onstrated that IL-11 can induce tissue fibrosis, regulate tissue
(nym‘yte and myofibrohlast accumulation, alter airway physi—
ology, and confer protection in the context ofmncosal injury of
the resplrator 7 and gastrointestinal tracts (11—143.

In keeping with the biologic. importance ofIL-ll. a number or
444"%tlgators have studied its sites of croductlon and the reg»
4.41at4o4‘4 ol these responses. These stodles demonstrated that
IL-ll is produced by a varlety of stromal cells ' response to a.
variety of stimuli. including (:57tokines,histaminc, cosinophil

major basic protein. and r p'iratory tropu: Viruses ('7, 15—20). A.
prominent finding in our inches of fibroblasts; {18), epithelial
cells (19), and 04444044444444: (20) and studio? by others of Chon-
(lrocyles and :;rrioviocyles (’7‘ has been the imporLance of
TGF- 43 moieties 4n the 3414mulat4tm ol' ll. 1] product4o44 Whose
studies also demonstrated that TG‘rF—p1 stimulamon of IL—11
protein production is as slated with proportionate changes in
lL~ll mRNA accumulation and7 in our studies, lL—ll gene
transcription (18).

The lL—ll promoter has been cloned and the cls—elemem's
and trans-acting fictors that regulate the level." of bacal lL—ll
production have been ldenhfied44y our laboratories (21). De—
sgn493the demonstrated importance of gene transcrimm.on in the
stiw. 444la'4044 of Ell-ll prtoduomm. the (4 8elements; and trans—
acting factors that mediate the 4,1anscriptional actwatmn of
IL- 11 have not 7434344 investigated. To forthcr our understand-
ing of the regulation of Ill-ll, studies were undertaken to
characterize the 1:414. scrip onalclemenlsu. 13d by'. 19431444
the stimulation (:1: IL-ll. These :‘tudic: identifv 4m;- actlva ling
prr' 44-1 (Al‘- ) motifs between 3331603 and "’82 in the lL—ll
promoter that are essential for 'l‘GF-,8-44'4d14ced lL-l] transcrip-
tional activation They -also demonstrate that this stimulation
43 assocmicd with complex alteramons in the compomtion ol'thc
ARI subunits that bind to these sites and that DNA which

contains these AP—l elements confers TGIF—4'31 resoonsivcness
or. a heterologous promoter. Lastly they demonstrate that this.
mechanism is stimulus-Specific since respiratory syncytlal Vl-
rus (RSV) stimulates IL-ll transcription via a different
mechanism.

 

\.
  
 

 

    
 

 

 

EXPEth/IEN TAL PROCEDURES

Cell Culture and TGF—B, Stimulation
A4549 human alveolar epitheli: the cells were obtained from the

American Type Culture Collection {ATOQ Rocha/ills, MD) and grown to
confluence in Dulbe ’s modified Eagl ’ medium {DMEM) supple-
mented with 10% (’9. 1 bovine 594444444 (2 ). A1. coni'lussru‘c. van/Eng con-
centrations of recombinant 1444444341 TGF-fi (1—10 44;;4’344‘4) (R ("2 D Sy‘
terns7 Minneapol; ) or 444436144440 controls Vv arlded, and the : we
lncuhatefi. for up to 48 h. Al: the deswed points .114 Lime, s44; .matan
were rcmov :3 and stored at —20 ”C. and mm 0 haw .ted for
further 44noge (see below).
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TGF- {.l Stimulates ILKZ Z Transcription

Nye/car R11 nr-on Assay

  
‘ative rates of gene transcription were assessed using mod

cations of protocols previously -:l .d by our laboratory (22 25..
A549 cells were incuhaterl For 18 h under control conditions, With
TGF—fil (10 ml), or after infection with respiratory syncytial virus
(RSV) at a inultiplimty of infection of 3 as described previously (17—19).
The cells (3 K 107 per condition) were then washed twice with ice-cold
phoe a 3 huffere- . ine.pel . d, and re . spended inl uft'erl'm
mM Tris-HCl, pll 7.4. :3 mM Maul? 3 mM Call”), 3 41.er dithiothreitol
(D‘ T), 300 mM sucrose, 0.5% ‘ riton X400). The nuclei were then
harvested by cuntrifugation and resuspended in 100 lid of storage butter
(50 D‘lM Tris-HG}, pl-l 8.3, 3 mM MgCl% 0.1 mM Ell'l‘A, 40% glycerol) and
stored at "-60 “C until further utilized. Nylon membranes were pre-
pared carrying 20 ug a” h of isolated cDNA fragments encoding lI.-1‘.-
(a gift of Dr. Paul Schendel, Genetics lnstitute, Cambridge, MA] and
pUClS without- a cDNA i t (a con rol for nonspec ""c h‘ “urn: 'zation)
using a slot-blotting apparatt {MINLFOLD ll, Schleic ier Sr Scour
and halted in a vacuum oven \80 “C [or 2 h). VVheu rea'l nuclei were
thawed on ice and pelleted in a microcentrifuge at 4 °C 30 s. and in
(zit/"o transcription and RNA labeling were carried out in transcription
buffer {20 min Tris—HCL pH 8.3, 160 mM KCl, 4.5 mM MgCl, 2 mM DTT,
and 409 MM each of ATP, GTP, and CT?) in the presence of 200 ;.:.Ci of
ia-‘EZFIUTP {“3000 (.li/nnnol, Amersham Corp.) and 20% glycerol at
‘30 °C for ‘3-3 min. Tl ction w followed with a cold . ‘
of lOll in}? UT? for 10 min t 30 °C. The re tion was then terror .

by incubating with stop butler (50- 111M Tris—HCl, pH 83 500 mM NaCl,
5 mM EDTA) with 200 itg’n‘il RNase-free DNase I and 750 units.i l
Ranin (BL ‘hringox” ltlannheim) at 30 °C for l5 min. RNA was can
tracted s i r phenol/chloroform, precipitated, and washed i alcohol.
Dried RNA pellets were dissolved in equal volumes of TE huff (10 mM
Tris-Hal and l mM EDTA. pH 7.x“ and i‘arlioacti' ' ' was determined by
the mean of duplicate countings of l-ul aliqut Hybridization Vv .
performed by incuhatingr each membrane with equal numbers of counts
of radiolaheled RNA. The membranes were then washed at high strin—
gency, and binding was evaluated 1. sing autoradiography.
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A549 cells were incubated for 16 h with TGF-[fi1 (10 ng/ml). T
super atant. . then removed, and polyiAl’ RNA wa ‘olated using
olign(- ) affix-:ty hased methodology as descriherl (2F 97). Primer ex"
tension a" i then performed usi'l _.;‘ a radinlaheled ZO-l c rnplernen-
tary synthetic o onucleo e corresponding to o onuclec ides --11 to

"on start site. The 5’ end of the resulting
TL»! iiiRNA was defint using the Moloncy rnurinc leukemia virus
primer extension syster (l’romega, Madison, WI) as desc ”ibed by tl~
manufacturer. In this , .cm the 5’ end-labeled oligonuclcot “lc hybrid--
iaed with the ill-11 inh‘NA and was uti ed a 2. primer by the Molouey
niurine leukemia Virus reverse transcriptase which, in the presence of
deoxynucleotides, synthesized cDNA until the 5 end of the mRNA was
reached. The extended product was then resolved on an 8% urea/
polyacwlanide sequci ing gel along with a known DNA sequence
ladder.

, iter Extension Antily
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P1asm Ed Construction

A 786-bp Pvull fragment of the human lL—ll promoter was previ-
ously isolate.“ and cloned in our lahnra .nries (21:). This promoter frag—
ment contain. uences hctween —728 and +5.8 relative to the
transcri tion start site defined above. it was cloned into the Smal site
of the i ciferase reporter gene vector pXPZ—luc (A- CC) to generate the
construct le’Z—llrl 1-‘7‘ 8.

  
 

Preparation uf5’ Deletion Constructs
 Two techniques were used to gel e a series of 5" dele‘ one of the

plill2-llii—11-7238 parent construct. When appropriate restriction sites
were present, they were util.,. d to generate dele n mutants. This
approach was u zed with theA .. the Hinfl site at
--96. In both -':ases7 the »--728 to +58 iragment the IL~11 promoter
was suhjected to cnzyr di 'on. an the desired fragment ' ; re--
cloned into the vector pLX'PZ-luc using standard approaches. ‘thn on
propriate restr'ction sites were not available Bal -‘ i exonuclease diges-
tion was employed to introduce eti as. This technique takes
advantage oi'tlie Fact that Hal-Ell de‘ rides hath the 5’ and 3’ enrls ol’
double-stranded DNA without inserting internal cleav ‘8). Briefly,
BamllI-linearized parent construct pXPQ-ll.-l1-324 was incubated
with Bail-31 one-nuclease for varying periods. Hamill linkers (New
England Biolahs, catalogue number 1071. Beverly. MA) were then
added, and the DNA was subjected to BumHl/thl double digestion

  

  
 

 

  

    

 
 

 

 

The DNA trad ments with that- various 5" deletions we 'e then .. ’1"? ed

by electrophoresis. electrr :iuted, and ligated into BamHI/i hol-
li earls-ed pXPZ—luc vector Clones from the suhseq uent transforms 1011
were screened for insert an, and DNA sccucncing was used to verify
junction sequences for all clones that w ere chosen for further
utilization.

Through the combined efforts at both z'pproacli
structs were prepared whose 5" ends extended fro J
all cases. the 3’ end was +58 rela .379 to the tra
site.

  
 

 
 

‘, a series m" com
---728 to ~81. ln

ription initiati .n

 
 

   

Site-directed .Mutuge‘nesis
Mutation of the Al’ul sites in the parent lL-ll promoter was per-

l’ormed usii g the Mute-G en M13 In Vino Mutage Kit (Bio-Rad,
catalog numuer 170—3580} l3 ‘ed on Kunkel’s method (29, 30‘), The
382-bp Bomlll/thl fragment 0-” Ill-11 promoter was excised from
le’Z-lli—l 1—324 and su'bclon d into M13 phage. The recombinant plu
DNA was then transformed into bacterial train Eschc 'c.’ in cali CJ236
(dut—, ung—, thi—, and relA—l to generate uracil-containing single—
stranded DNA. Such singlenstranded DNA was allowed to anneal to
mutagcnic primer, and second strand DNA was synthesized with T7
DNA polyn and T4 D .'A ligas . When transihr \ed into hart .1
strain M‘Jllgfltdt , ung+), omen-containing sin_ stranded DIVA
template was degraded, and only newly synthesized mutation-hearing
second strand DNA. would propagate. The wild type and mutated ARI
sequences are as follows: wild type 5’ (dist ll AP- . 5’-TGAGTC; ;
in ut ted 5" (dis l Al’ul, 5"-'llGAcgaA—3’; wi . tvpe 3" (proziniall All-l,
5"n'l‘ ETTA—3’; mutated 3’ (proximal) AP-l, 5’—TG'l‘c raA—fl’. All nt'the
AP-l mutation cons tructs underwent DNA sequencing to verify the site
and extent of the induced alterations.

   
  

  
  

     

   

  
    

 

Preparation of [Ir 7 i / He / .m‘ Constructs
A 156-bp BomHL’XhoI f agmcnt ”rem thc herp mplcx Virus thy-

midine liinase ltk) minimal pron’ioter/chloramphenicol acetyltrans—
ferase reporter gene construct ptli—CAT (313 was obtained from Dr
Annradha Ray (V ' U. '
BamHI and X01

 
 

and sulicloned into the. 
tensity, New Haw
of the pXFZ‘; uc re orter gene construct to

generate ptk-XPZ. cleotides (5’-GA_ COG AGG GTG AGT
GAG GAT GTG ’T‘CA (”Kiri") CG AGC TT-B" and 5—6231“ CAA GCT TCG
GCC TGA CAC CTG ACT CAD CCT CG-B’l Vere then ‘vnthesized and
annealed to form a 538-bp DNA duplex with sticky ends compatible witl
the ,i’iomlll site (5" of herpes simplex Virus tk promoter! in ptk V332.
This insert conta s a 27—hp DNA seq uence ofthe IL~11 promoter 03
to — 7'? relative to transcription start site) t lat contains hoth the 5’ and
3" . l‘his double . tranded DNA sequence was then cloned into
p P2 in the correct (sense, (plLll-(+ )tk—XPZ) and reverse (ant 2)
(plLlll—ltk—XPZ) directions. DNA . uencing was performed to verify
the sequence and orientation of DlKA insertion.

  
  
 

 

 
 

  

  

 
  

 

Coll ' 'mizsfcctinn and Reporter Gene Assay
A549 cells were at éded at 40—50% confluence and i 'uhated over-

night in DMij w higl glucose and 10% fetal bovine s rum. Trans—
fecti s were performed using the DEAE-r, xtran method a describe-“l
prcvxoos ‘ bv our lahorator r . The cells were then incubated for 2- n
in urn—tree DMEM alone or in DMEM supplemented with TGFfil {10
rig/ml). in experiments where RSV was utilized the A549 ce ‘5 were
incuhaterl for 9-3 min with RSV (inultiplir v m” infect-.011. ; 3) or appro—
priate medium control. washed and then A icuhated for 24 h in serumx-
ire DMEM. At the end of these incubations, cell lysates were prepared7
and luciferase activity was assessed on a Lumat luminometer using the
Lucite-ruse Assay S cm from Promcga (Madison, V ll). In all trans :30-
tions the construct pGl‘i/l'l-O-gal (CliiONTEC-H, Palo Alto, CA) was a,,,.so
included to control for transfection efficiency. The B—galactosidase ac—
ti v ity in unstimulal ed and sti ulaied cell lysates was character d
u ' .g the CPR 3 method as descrihed previously h. ' iis lahora tory ( “,_
ihe B-galactosidase levels were then i. ' ed to standardize the ins
merits of lucii’erase activity.
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EZezfif/‘ophureiic M’nhiliiy Shift A my (Ed/IS; ) 
Preparation of Nuclear Er’racts --Nuclear extracts were prepared
. .g morli . . ions of the i niques of S reiber et al. (32). Unstimu-

lated7 'l‘l'lll'fifs inulated, and RSVlini‘ected . 549 cells 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 ii: ihitors (l pig/ml leupeptin, 5
lag/ml aprot-inin, and 1 mM phcnylmcthylsultbnyl fluoride), pelleted at
4- "C, and resuspended, and swollen in solution A (10 mM HEPES, pH
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7.9, 10 mM KCl7 0.1 niM EDTA, 0.1 mm EGT
added nro inhibitors as abov br 15 min on i Membrane lysis

‘ complished by ad’ ing 25 ,ul of Nonidet P-I‘Q fol-g veal by vigorous
agitation. The nuclei w . o coll..ctc(l by ccntnfugntion, rcsuspcndcd in
5-5) ,u.l ofsolution B (20 mM HEPES, pH 7.9, 460 mM NaCl, 1 mM EDTA.
1 mM EGTA, 1 mM‘ DTT and freshly added protease inhibitors as above).
and agitated vigorously at 4 ”C lbr 15 min. The membrane. debris was
discarded, and the nuclear extracts were snap~fiozen in small aliquots
and stored at —80 “C. r(, ein concentrations of the nuclear extrac s
were determined using t e DC Protein Assay System (Bic—Rail).

Oligcnuclcotide Prob . probes
were used in these experiments. For the Make of simplicity, only the top
strand DNA sequences are illustrated l' e. Four oligonucleotide probes
were syiitli '(l Using the (:iligonucleutiile synt lity at Yale.
University. T M ii ch. lo the lbllmving ti) wilol type 5’ AF-l sequence in
the IL—ll promoter (5' AP-l) (5’~GGGAGGGTGAGTCAGGATGmG-B’D;
(ii) mutated 5’ AP-l (EH-{XX}: GGGTGA-ega/XGGATGT“3'); (iii) wild
type 3’ AP-l sequel: .3 in the ill—ll, promoter (3 AP-l) (LR—AGTCAGG—
ATGTG’l‘CAGGCCGGCCl‘ 3' J; and (iv) mutated 3" AP-l (5’~AGTCAG—
GATGTcgaAGGCCGGC-CC ’),

Four other oligonucleotides were obtained from commercial sources
(Stratagene, La Jolla, CA). Th included the following: (i) a Classic
AP-l nligonucleotiile (5"~CTAGTGATGAGTCAGCCGGAT‘CJ {3; (ii) an
APE oligonuclcotidc (5’—GATCGAACTGACCGCCCGC ‘GCCCGT—3’);
(iii) an ASP—3 oligonucleotiile (-5‘-CTAGTGGGACTTTCCACAGATC-S’l;
and (it/‘1 an 89-1 oligonncleotide (5'-GAT(JGATCGGGGCGGCrGCGA’ll
(13’).

E743

 1 mm DTT with l} eslily

    
    

 
  

 

 
 

 
 

   

 

 

  

'trophorc" EMSAS were performed using the techniques of
Sr, r at a]. (3'2). Eadiolabeleil donhie-stranded , ,‘onucleotio‘e
probes were prepared by annealing complementary oligonucleotides
and curl—labeling using [y—MP‘ATP and T4 polynuclcotidc kinasc (New
England Biolabs‘;. The labeled probes were purified by push—column
chromatography. diluted with TE bufi'er (10 mM Tris-HUI. pill 80 1 mM
ED‘T‘A) to the desired concentration, and incubated with equal aliquots
oi'nuclear extract (2--5 egg) and 2 a}; ofpolyldI-dCl~polyldl-dCl in a total
volume of 20 Ml at room temperature for 1 11. Resolution was accom-
plisheu by electro plioresing‘ 10 ,u.l of the reaction sol ution on vertical 6%
native polyacrylamide gels containing 2% glycerol using '70 TBE
buffer ' 3 niM Tris-Hm, 22.3 mm boric acid, {1.25 mil EDTA, pH 8.0).
Binding was assessed via ziiitnrarliograpliy.

Supershi/Z EflfSAm-SLiperésliil’t assays were used to determine w }lCli
members of the AP-l family were involved in TGF/sttimulaLion or"
lL—ll gene transcription in t ‘ studies EMSA were performed as
descrihci above except tl sntypo matched rabbit pol onal antibod—
ies against AP—l proteins or control preimmuue ant erum were in-
cluded (in: 'ng the Li) rad' labeled probe extract incubation period. All
of the antibodies. that were used were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA). They included antibodies that react
with all Jun family members (Pan-Jun) (catalogue number SC-44X),
JunB (catalogue number 46X), JunD (ca 'l one number SCI-74X). c—Jiin
(catalogue nu ‘ y members (pan—Foe) (cata—

  

  

 

 

 X)
 

 

  
 

   

  
 

 
 or SCSZAZX): all Fos fa

logue number tail-253$, c-Fr {catalogue number SC-oZX), FosB (cat-
alogue number Bil-48X). Fra- :a Lalogiie number S l—EO‘SX). and Fro-2‘:
((Iltalogue iiuuilier ECG-34X}.

 

  RSV (13142 strain) was obtained from the ATCC. Stock virus was
prepar; I in permissive cell lines and titered, and A549 cells were
infected with the virus as described previously by this laboratory
(17, 19).

 

RESl Il IFS

TGF—BI and RSV Stirrzulatc i’L-Z 1 Gene Trans '«
vious studies from our laboratory demonq rahxl ,
a potent stimulator of lL—ll gene transcription in lung fibro—
blasts (18‘) and that TGEi’il and RSV stimulate A549 alveolar
epithelial cell ILll protein production and mRNA accumula—
tion (1?, 19). To determine ii" hoth slti iuli augment 111"].1 gene.
transcription in A549 cells. nuclear :un—on assays were per-
formed, and the levels of lL—ll gene t anscription were evalu—
ated at base line, after TGF—[31 stimulati‘n and after RSV
infection. At base line, the levels of IL—11 gene. transcription in
A549 cells were near the limits of detection Vi. ith our assay (Fig.
1). In contrast. both TGF—Bl and RSV caused significant. in-
creases in IL-ll gene transcription (Fig. l).

 

 

TGF—[E Stimulates IL-Il Transcription

incubation Conditions

]

9136
l

15:11    
FIG. 1'. Demonstration of the effects of TGF-[fil and RSV on

IL] I gene transcription. A54?) c9 , incubate“ in medium alone
(Control), stimula toil with TGF: r5113) (l0 ng/nill, or infected with
RSV. Twenty four hours later their nuclei wer :aryested, and gene
transcriotion was assessed as described undcr “ltlxpcrimontal Proce—
dures ie lcvo s of Ill-ll, gcuo transcription arc coinparcd with the.
liybridim...ion noted with QUCIS (DUO) without a CDNA insert which
served as a negative control.

 
 

 

 

 

3haram‘erization of the Transéription Start Site in. the IL-Zl
Promon to initiating studies (lesign.. to (leline the
stimulation-respc-.isive dis-elements in the 1.911 promoter,
primer extension analysis was used to characterize the tran-
scription initiation sit; in T ill—stimulated A549 cells. A
single transcription initi Lion Site was detected. This start site
was 154 bp upstream oi" the ATG (data not shown) and is within
1”?) bases ol'the start site previously described in unstimulated
PU-Eul— primate bone marrow fibroblasts by our laboratories
(21‘).

TGF{:71 Sti/riulaies IL-ll Prorrzoter Activity—To begin to
characterize the mechanism by which TGF- [31 stimulates lL-l 1.
gene transcription, transient transiection assays were. per-
formed with a promoter-lurtiferaso reporter gene construct con~
taining IL-ll promoter eleme. is between nucleotides ‘428
and. +58 (relative to do , anscrip’ticn start sit f), The levels of
lucilerasc activity in A549 cells were evaliialfil at base line and
after '.l"Gl*‘--B1 stimulation, As can he seen in Fig. 2. only a
modest level of lucife‘ase activity was able to he detected in
Luis iniulaled A549 cells. In contrast. 'l‘G-F—B1 was an impres—
sive dose-dependent stimulator of the promoter activity of this
construct (Fig. 2). This demonstrates that the "7728 to l58

  
 

 

 
 

 

   

frav'ment f the lL-ll nromoter contains TF1?” ~responsive5 A ‘i A

sequences.

Previous studies from our laboratory demonstrated that
RSV also stiriiula'es A549 cell lL-ll production and inRNA
accumulation (l7, 123‘). The stud ~; noted above demonstrate
that this stimulation is. at. least in part, transcriptionally
mediated. To determine if the cis~elements in the ill-ll pro~
moter that respond to ’"l‘C—F-Bl also respond to RSV, we com-
pared the ability ofthc 9 two stimuli to stimulate the 7 7238 to
+58 lL-Il promoter-luiciferase construct. As noted above,
TGFx-B was a potent stimulator of this construct. in contrast,
RSV, an (eon; lly potent stimulator of lib-11 transcription in
the run- n assays, did not stimulate this on "trucl: in an
iinpre e fashion (data jot shown). Thus, the. response el-
ements hetwcen 777728 and 158 in the lL—ll promoter are at
lzast parti- ly iulus—specific since they respond vigor-
ously to 'l’llF—‘(l1 but not vigorously to RSV.

Definition ofthc TGF-fi, Response Element in the (Lil! Pro-
moter—To define further the cis-elen'ient(s) in the IL-ll pro-
moter that responds to TSP-£31, intrinsic restriction sites and
Bal-Sl digestion were employed to obtain lL-ll promoter frag—
ments that contain progiessively larger 5’ deletions. These
promoter constructs were then cloned into our lucii'erase re.-
porter construct, and their responsiveness to 'lTGF—B] was as—
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TGF—[E Stimulates IL-Il Transcription

sssé
NeRelativePromoterActivity(‘70) 

0 0.5 1.25 2.5 5.0 7.5 10.0

TGFB] Concentration (mg/ml)

  
FIG :3 TSP-{£1 stimulation of {14-11 promotor-luciforase activ-

ity. An 53 cells were transfectod with wild type lirll pronic'iter-lnci — 
 erase constructs that contained III-11 sequences extending fro nuc .

oticles ~ 728 to +38 relative to the transcription start site (pXPZ-lL-ll—
728). The cells were then incubated for " h in the presence and/or

'1; cell lysates were pre-

 

 

 
ahsence of the noted concentrations of ‘i‘G
pared. and lucifcmse activitv was quantitated as described under “Ex,-

 porimontol Procoduros." Tl cifcrssc octi tics in tho lysatcs from
cells incubated with concentratio 3 of TGIF—[£1 <10 ng/‘nil 5 expressed
ns a percent of tho activity in ly atos from cells incubated with 10 rig/nil
TGF— [31. The noted values repr nt the mean 1’ SE, ofthroo separate
determinations.

 
  

 

sessod. Constructs whose 5" and extended from ~ 728 to 81

were generated and tested. The parent ( 728 to i} 58) and all of
the 5’ deletion constructs did not express significant levels of
luciferase activity in unstimulated A549 cells. TGFVG], how—
ever, was a potent stimulator of IL—11 promoter-driven loci-fer-
ase activity in the parent construct (Fig. 3). Interestingly, 5
deletions extending from 7728 to 7100 did not significantly
alter TGF-Bl responsiveness (Fi g 3). In contrast, deletions past
71.00 markedly diminished TGF~51 responsiveness. When
stimulated with ’l‘(}li‘-li these constructs had 115% of tho
TGF-fil inducihility oii'tho wild type #728 to +58 parent con--
struct (Fig. Ell. These studies demonstrate that elem-ants that
are: essential. liar TGIF-51 induction (exist proximal to nucleotide
.. 100 in the lilo-11 promoter.

Importance UfAP-l Sites in TGF-B-mcdialed Tm. risor'ipfionoi
Actionimam—Inspection ofthe sequence immediately 3’ of 100
in the IL-ll promoter demonstrated two AP—l-liko elements
separated by 3 base pairs (Fig. 4). To define the role that these
elements play in conferring TGF—fil responsiveness. constructs
were prepared that contained point mutations at these sites,
individually and in combination. Neither mutation caused a
significant incl so in the basal levels of lL—ll promoter activ-
ity (Fig. 5). individual imitation in the 5’ (distal) or 3 (proxi-
mal) sites caused an approximately 75% decrease in ’l‘GF—[B
responsiveness (Fig. 5). interestingly, the ’multansous mutn~
tion ofhoth tho 5' and tho 3'AP—1—liko sitos abrogatcd TGIF{31
responsiveness in this system. Th ass: constructs had 515% ol‘tho
TGF-fil responsiveness of the Wild type promoter-duoiferaso
construct (Fig. 5‘), Those studios demonstrate that both of‘thcsc
AIR-1 sites play important roles in ’l‘(}l5‘-fil-in.duccd. IL-ll
activation.

Effixrt of TGF—BZ on AP»! Profciri~DNA Binding—To gain
additional insight into the trans-acting factors that bind to the
AP—l Sites in the ill—ll, promoter, clactrophoretic mobility shift
assays (EMSA‘; wore performed using labeled oligonuclcotidcs
identical to the 5 and 3’ AP—l—lilos sequences in the lL-ll
promotion At base line, pr iii-DNA binding was detected at
the 5’ site but not the 3’ site (Fig. 6) TGF—b‘l 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 of TGF-61 to the A549 cell cultures (Fig. 6).
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TGF .131 stimulation also induced protein-DNA binding at tho 3’
AP l. site in the lilo-ll. promoter, This induction had a slower
kini. ..c than the induction at the 5' site. it was, however,
readily dotoctcd aftcr 12~24 h of TGF»;31»coll incubation (Fig.
6). In both cases, the protein-DNA binding was eliminated by
th add ‘ unlah . d olignnuclootido encoding the
5’ All-1 site. 3’ AP-l site, or a c-zmsonsus AP- 1 soquonco but not
by oligonuclcotidos ancoding NF-KB, APE, or SP-l sequences
(data not shown). When viewed in combination, those studies

demonstrate that "l‘Gll‘afzij enhances AP»1 family protein bind—
ing to both the 5’ and 3’ AP—l sites in tho IL~11 promoter.

Efitccfs 01"Tiiz‘rF-131 on AP-I Sabra/(if Compo " "7'

  

 
“IL-""1 0 Linden

stand furthe * the trans—acting :"a 'tors binding to the AP- 1 sit-es
in the lL-ll promoter, supershift EMSAs were performed using
antibodies to a variety of AP-i family proteins. At hot "i the 5
and 3’ sites the importance of AP-l family members was con—
firmed since anti—pan Jun and anti-pan Fos antibodies (anti—
bodies against all Jun proteins and all Fos family proteins,
respectivelyl caused impressive supershifts in this assay (Fig. 7
and data not shown). In addition. characteristic patterns of
1219- l. subunit usage were noted when selective antibodies were
employed. Al: hose lino. the binding to tho 5’ Ill-11 ALP—1 site
was composed almost cnliroly ofJunD AP-l moieties (Fig. 7).
Interestingly. Tl; increased t hution of c-Jun,
Fra- 1, and Fra—Z proteins While simultaneously docrcssing tho
contribution oi" JunD proteins to tho 5' ARI—DNA binding.

 

  
 cont. 1  

   
Sig ‘ ' alterations in c—Fos, FosB, and JunB were not noted
(F . I). i lar alterati mi in ASP-1 subunit binding to the 3"
site were not-ed (data not shown). These studies demonstrate

that TGF~31 stimulation of IL-11 gene transcription is associ-
ated with impressive and solscti‘ie alterations in the composi~
tion of the AP-l moieties that bind to the lL—ll promoter. These
Changes are characterized by an enhanced contribution from
c-Jun, Fra—l, and Fro—2 at the 5’ and 3' sites and a simultane-
ous decrease in the base line binding ofJunI) to the 5' site.

TGF-BJ Response EZe-rzzcrits Con/2T Responsivcn
imal Promoter (I'mhstrucfm'l‘o undo stand further the TGIF~13}
rs ponse elements in tho lirll promoter. studios were under-
takcn to determii if they could confer 'l‘GFu;
on a minimal promo-to -roportor gene construct. This was done
by generating constructs containing lit-ll promotor fragments
between ~ 103 and ~ 77, in the sense and antisenso direction, in
series with the herpes simplex virus minimal promoter and
luci '

N5 on. a, Mira- 

  

55p013 .‘lViBIl-IES S   

 1..‘oraso reporter gone. The activity of those construc s in the
presence and absence of TGIF—{31 was compared with the activ-
ity of the minimal promotenluciferase construct under the
sanic conditions. The parent minimal promoterducifcrasc con—
struct did not demonstrate significant levels of activity in the
presence or absence ofTSP-[31 (Fig. 8}. in contrast, TGlllfisi was
a potont stimulator of the sense and itisonso lli—l l. promotor»
minimal proniotcr-lmc constructs ( j. 8). Those studies dom-
onstratc that the sequences between 7103 and 777 in the
lilo—l]. promoter act as an enhancer and confer TGIF-3i respon—
siveness on heterologo‘ s promoter elements,

 

 

 

DISCUSCIQN

Studies from a number of laboratories have demonstr' ted

that TGFfil is 2. potent stim lator of IL—11 production. To
understand further the biology of 11.41, the mechanism of this
stimulation was characterized. Nuclear rnn~on studies demon—

strated that this stimulatory effect is, at least in part, tran»
scriptionally mediated, and transient transfection assays den}
onstrated that TGEBI is a potent stimulator ofllril promoter—
reportor gene constructs. Two AP-l motifs located between
nucleotides 7 100 and 782 in tho Illa-1]. promoter were noted to
be necessary for this induction. in addition, a 25—ha so pair
nucleotide sequence that contains those All} sites was able to
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Ed1 Promoter

FIG. 3. Effect of progressive 5' deletion mutation on the TGF-Bl responsiveness of pXP-Z—[L-ll-TEfi. Progressive 5 dc-
fiction were made in construct pXP—ZvlL—HJZS using intrinsic we

figure. They were then transfected into A549 cells, and the '. 

  ex Wessed a. percent ofthe actlv
ate determinations 

, 33 1 CCAGCCGGAC CCCCACCCAC AGTCGGGCCC CAGCGCTTGA GCCTGAGTGT

2 8 1 CTGCTCCGGC CCGTGGAGGT GGAGGGAGGG GACGCCAA’I‘G ACCTCACCAG

72 3 1 CCCCTCTCCG ACCACCCCCC CCTTTCCCTT TTCAACTTTT CCAACTTTTC

A l 8 l C'l'l'CCG'l‘GCC CTCCTCCGAG CGCGGCGGCG TGAGCCCTGC AAGGCAGCCG

*13 l CTCCGTCTGA ATGGAAAAGG CAGGCAGGGA GGGTGiSTPgA GGATGTgé/l‘fgllk
-08 l GGCCGGCCC'T‘ CCCC’T‘GCCGC CTGCCCCCCG CCCGCCCGCC CCAGGCCCCC

mm 2m a Tmnscripriml Illitimionsim
703 1 EATATECCC CCCAGGCGTC CACACTCCCT CACTGCCGCG GGCCCTGCTG 

020 CTCAGGGCAC ATGCCTCCCC TCCCCAGCCG CGGGCCCAGC TGACCCTCGG

“to. 4,. Sequence of the Elli—11 promoter illustrating the tran-
scription start. site1 the 5" and 3' AP-l si test and the TATA box.

confer TGFfii responsiveness on a heterologous minimal pro—
moter. Supershift EMSA demonstrated that JunD is the major
AP—l protein binding promoter DNA in unstimulated cells.
TGF~31 stimulation was associated with enhanced protein—
DNA hinding to both AP-i motifs with an augmented contri-
bution by cdun, Fro-ll, and Fra 2 proteins and a decreased
contribution, by Junl) proteins. .l‘hese are the first studies to
investigate? in depth, the mechanisms that stimulate lL-ll
gene transcription. All in all, they demonstrate the importance
in this inductive response of complex alterations in Ail-la]. tran-
scription factors and a {fist-enhancer element that contains two
closely approximated ALP-1 motifs.

’lTGanB] is a ple, ‘ ropic cytokine with far reaching effects on
tissue homeostasis. Prominent in this regard are its ability to
stimulate tissue fibrosis, regulate matrix molecule elaboration.
and inhibit tissue inflammation. lo keeping with its biologic
importance? a significant amount ol'eilbrt has been directed al.haw

  

 

characterizing the mechanisms) by which TGF—B mediates its
biologic effects. Studies of "305451 regulation of cytokine pro-
duction (33), cell prolii ration (34), and retinoic acid receptor
expression (3-5} have demonstrated that AP-l activation can
play a major role in these processes. Our studies add to this
body of data by demonstrating that TGF-{Sl stimulation of
IL-ll elaboration is also mediated Via an AP-l.-dependent

TGF—[E Stimulates IL-Il Transcription

’l’GFlfi

 
S3

Relative Promoter Activity {92-}
 >tion mutations

'tcs and Bel—31 digestion Those mutants are illustrated in the loft hali‘oftho
ciferase activities of these cells were qua:

alone (OI/‘9” bars) 01” W1 Ch T032531 (solid bars} as described under “Ex lerimeutal Procedures.” The luciferese activ' '
 
 

 
ion for 24 h in medium

deletion om tan Ls are
.ltaled after incuhat

s oft
  

 
s ofcells transfected with the unaltered parent construct. The noted val oes represent the mean i SE. of three

90 El untreated

I + TGFfil

40

30

20

10

RelativePromoterActivity(‘70) '3

- _ _ _

3 AP—l mutant
5' AP—l mutant double mutant

FIG. 5. Effect of AP—l mutations on TGF-fi] responsiveness.
Luciferase reporter gene constructs were prepared that. contained Ill-11
promoter sequences. extending from —-324 to +58 relative to the tran—

  
   
   

scription start 5‘ (pXP 324). They were then tram ct (l into
A549 cells, and luciferase ies wer sessed in the presem:A 7121’.

 

 

rm
and absence (open bars) ii LGFx-fil (10 ng/ml) treat ent. Compar-

isons were made of Wild type constructs and construct l: mutations
in the 5' All—1 ite, 3’ All—1 site, and both AP—l sites (d uble motant‘t
Lucif se actl es are expressed as a percent ofthe activity in lysai
{mu cell, .,ra,usl’ected with the wild type .ns‘truct and stlmula ed wi
TGF-BJ. The noted values represent the mean J: SE of at least three
separate determinations.

 he s)

 
  

 - i 

pathway.
AF—l was initially identified as a BNA binding activity in

HeLa cell extracts that bound to cis»olomcnts Within the prm
meter and enhancer sequences of the human metallothiouein
llA gene and simiw. 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 (3'7, 38; Investi—

Ex. 2001 - Page1551

 
 

.1111;11101;popeolumoq
  r:

'0rd.in

910:‘1[IQqLUQAONno£01013nagWK1qu12



Ex. 2001 - Page1552

TGF—[E Stimulates IL-Il Transcription

pmbe 11—11-5' 11.111»?
531.1531 -+++++~+ ~++1~+++

5‘2 131224“Timthrsjm ~ 0 '5 F 5 1??4 ~ fl.

 
I1G. 6 Eiectronhnretic mobility shift assav {EMSA} character-

izing the protein binding to the 5' and 3’ AP I sites in the ILnlI
promoter. AF)- " incuba in 111611111111 " ne ()1 11 the 1‘ es-
ence 01TGF . re .63 prepm nd

1111111111311 1113:lilg' olivn-nu entides encoding the 5" 31113. 3"
AP-l sites in the 1L- 11 promoter as d sc1ibecl under “Experimental
Procc-slures The (mews highlight Che shifted hands.

  
     

  

gations of these moieties have revealed a consensus binding
site for these. dimers, the palindromic sequence, '5 -i. (7.151161
C)’l."CA~3' (38). Our studies demon irated that the sequence.

between 100 and 82 plavs a c1 111:1al role 113 the mar1scrip-

tionai activation of the 11.5.1 promo‘er. 311 oi13th"; re-gion 11311521 21}. a CI sit: AP—l blndil ' 31)A.'P--1
sequence) and. a binding site that d rs at :1 s11: ,le nucleotide
(the pioxirnai 3’)AP-11sequence). Both sites were shown 1:1:-
bind AP-l moieties. In addition, mutation of each AP]. site
significantly decreased and the simultaneous mutation of both
AP—l sites totally abrogated TGF-fil-induced IL—ll promoter
activation. Furthermore, oligonucleoiides made up largely of
these 2 AP-I sites conferred TGF—fil responsiveness upon a
minimal heterologous promoter. These studies demonstrate
that both AP-l sites play important roles in lL—ll transcrip-
tional activation and the mahaumr Function of this crucial pro-
moter reg1on. s 1s in ken ng with studies of other genes
s1 l1 as involm 111 (.39) and t1 sue 1a:tor (4‘10) Whose promoters
contain multiple AP-i sites that play important rnies in gene
actw tion.

TGF-fil is one. of a number of stimuli that induce epithelial
cell lL-ll prnduction in Mitre Pram/inns studies from our labo-

:itory demonstrated that11varietyc--i 1cspi1al::-(ry tropic viruses31) 5t} 1111114112 A1543} cell production of iL--11 pic-atom. and the.
accumulation of IL- 11 nihh‘A 1. ’17, 19’). The studies in this
manuscript demonstrate that RSV s imuiates A549 cell IL—11
production Via a mechanism that is. at least in part. transcrip—
tionally mediaied. They also demonstrate that the magnitude
of induction ofIL-ll induced by RSV is comparable to that seen
with TG—F—Bl. At the start or" these studies, we hypothesized
that RSV and TG—F—Bl would activate the lL—ll promoter Via
similar mechanisms. This d1d not howeVer prove to be rue.
Although RSVVVwas as potent as TGB{31 in the induction of
111-11 protein production. mRNAasccumulatinn, and ge tran-
scuption. it (1111 not efficiently stimulate the IL—ll promoter-
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FIG. 7. Characterization of the 'I‘GF—Bi—induced alterations in

AP~1 subunit binding to the 5' (distal) A1194} site in. the. IL-ll
promoter. A549 cells wc1c- 11111111111111 in medium .31011corw1th’TG '
("10 rig/11131 for the note6 pe1iods Nuclear l I : . .
and S111.1rs'11.t E'VISA Ware pert-armed as . --
tal Procedures.” A, compr- ' he protein—DNA bindi 1g
seen whh preimmune an rum ( P's-immune), antibody that binds all
Jun moieties (Pan-Jun Aim, antibody to JunB proteins (1122.118 Ab),
antibody to c—Jun proteir (c-Jun Ab), and antibody to J1111D proteins
(JunD Ab). B, compari. ns are made of the effects of antibodies that
bind to all Fas moieties (fianuFGs AZ) 1, antibody that binds c-Fos proteins
(ta-For. Ab)7 antibody that binds FnsB proteins (F0313 Ab), ,ntibodV that
binds Frau 1 proteins (Fm-1 Ab), and antibody tha- binds “‘ '
(Fru-2 Ab) In this figure the nonspem11c hand are highli
arrows-labeled ' 1-indnce- AP- 1 bind ‘
hghted by the d 8. and the supers if
lighted by the {17711108 12 Aed C.
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This demon—

he IL-ll promoter Via
Sight mto the stimulus

used to activate IL—ll gene

reporter gene constructs used in £1111356 studies
stratus Lha- TGF—361 and RSV activate ‘1'.
different mechanisms It also providesir.
spechicity 111 the pathwavs
tra‘ setiption.

A1721 proteins are 13 ads up of hnmn- and hetemdiwe:posed 01"F131;. 131111 and ac .
(.37) At leasi 241 diff.'e1ent combinatmns have been. descr‘ ed
(36). '1 his complexity1s the resu't 0t important tissue-specific.
stimulusspccific, an tomporail}7 reg»:-u.-atcd d‘1Fn1013ccs in AP 1
subunit expression {36, 40, 41). This results in AP-l mo es
that differ in their DNA binding (:apacit , transactivaizinn
capaci s, and biologic effects (42-4441). To gain insight. into the
AP- 1-1nedia1zed events111Volvedin T H.113] stimulation (11"II.--11,
we used super: gel mobility shi 3 to define the F1111
and Jun proteins invnived in this inductive response. These
studies demonstrate that, in the absence oi” stimulation, JunD
is the major APAI moiety that can be detected This is in
hoeping with st.1dics from a n.1n1bcr or 11111011111 labor torics
demonstrating that JunDis constitutively expressedin a vari~
ety of cells and tissues <_45‘: and studies train our laboratories
that demonstrate that JunD play 1n important role in the
constitutive elaboration. of IL-ll by PU34 cells (21). Our stud
ies also demonstrate that TGIF-[£1 stimnla .11 is associated
with an increase 111 c-Jun. Fra-l. and Era—2 and a decrease in
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Construct: pthP2 pIL11(+)tk pll.n(-)tk

TGFBI: - + - + - +
Fit}, 8 Demonstration that the double AP—l sequence in the

111-11 promoter can confer TGF—B, 1'esgmn.sivreness on 21 bilateral-
(gene promoter. Luc'ierase reporter constructs w ' prepared
contained the. herpes simplex virus fa minimal promoter and the
quence in the IL— 11 promo" r from nucleotide @103 to "-77 {a stretch
iiiat contains hath Al’-‘l ' ' ' ' e (pHJU—l .

' were tiansi’ :,
17 flies . .th .x. cells we1e ass 11seed

 
 

  
 

   

 into A. .,
after incubation for;'4 hin medium alone or with TGF-[S1 (10 rig/ml) In
these experimentsthe 1esponses oi the IL- 11 minimal pro1note1--lucif-
erase constructs were compared with the responses of the parent. th-
minimalpromoter—lucil'eiaseonstrnct (pthl’Zl The lucii'e1ase activi—
ties in these e\per1'me11ls are my»essed as a percent of 17}1e. lucilerase 
actwities in cells translected with. p.11..—11( ' tie and sti11111laied with
TC‘F-B" The noted 4 use represent the mean t SE of a minimum 01"
three, sepa

 
 

JunD-IL-ll promoter binding. These observations are in accord
with he known ind uci‘oility of these AP—l subunits and the well
dooumented siinulus specificity of AP-l subunit induction (36’,
40, 43, 44, 46, 47‘; Ct is impossible to determine, from these
studies the degreel;o Whit: l3 [l11e TirlE‘-B1-in(luoed alterations in
(:-J11.n, F-ra 'l. Fra-2. and/oourTonD individuallv con-tribute to the
inductnon (3iIL-llsstudiedin the present 21.123. ysis. 1?:is possible,
however, to hypothesize that all may play an important role.
Joni) is a potent transactivat-or hut, in contrast to many other
AP-l subunit: moieties, is not induced ir- a. niaior fashion by
extracellular stimuli (21, 45.. The JunD homo-dimers that
would form in unstimulated cells under conditions of JunD

excess would thereihre playan important rolein the [6“Lllatl0l‘1
oi basal IL 11 production but be unable.13 meet the enhanced
tronsc1iptonal demands after TG‘F-B. stimulation In contrast.
TGF-{31 sti.:11-11ation enhancesthe contribution o: 9-Jun Fra—l
and Fla—2 resultingin AP—l. dimers that are responsive to the
conditions of stimulation. The entry ofc-ili n. Fra—l, and Fra—Z
into the Al’a‘iADNA binding complex can thus he speculated to
be a key event underlying 'l‘GrFfi,~stimulated transcription of
the ll..-l 1 gene in P1549 cells. A similar transcriptional activa-
tion paradigm has been proposed to explain the contribution of
AP-l in th3 stimulation oi" issue factor by serum in mouse
fibroblasts (40)

Our studies demonsit rate 1: hot: tso closely approximated AP" 1
less in the IlJ- 11 promoter play li’i]pt)1‘ld*1ll‘0l£3§j,lfl thestimuu
ition of IL- 11 gene transcription lw Ti.T"F 1’}: It15:. impo.rtant to

keep in mind however. that transcriptional activation is fre
quently a 1n niti—facti rial process that involves the concerted
and coordinaied int'ieia:tion of a number ol'd: 'erent transcrip—
tion factors. This'is well documented for the AP 1 moictios that

re known to interact with a vari ty 0: other transcription
'acctors including nucl ai‘ factor-KB ’NF-KB), C.REE nuclear
ccctor IL43 (NF-1L-6),liver regeneration iactor— l (LRF—ihand

.(v)olyorna virus enhancer"A binding protoi -3 (FEW l (36. 48).

'ihe transc11ptional actiVin'eS of AF1 moieties .1'e. also regu~1
lated by a variety of other proteins including the Jun dimeriz-
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TGF-[B Stimulates IL-Il Transcription

ing protein {S 7) and tho Jun activation domain hindi15.; protein
1 (31-3331; (37‘. in accord with this111tormation, itis1.importantLO‘
point out that the present studies, While implicating AP-l in
the regulation. of‘l‘GF—fi] stimulated IL—l. 1 transcription, do not
address the importance of each of these other moieties. It is
likel V that, additional investigations will demonstrate that
other cis— elements and/or trans-activating factors are involved.
in the coordinated production of 1L1} under a variety of
ci rcurns .annes

In sunnnar_". the oressont studios demonstrate that TGFvfi

stirnulat : IL-ll Gene tranjcription in A549 cells and-2'hat thisstimulation is mediated V‘i a complex AP-l-depe11der1i: activa—
tion p21th1'ay.’ hey also highlight two closely approximated
AP-i sites in the IL—ll promoter that are essenti"l for this
activation and dernonsti‘ate that DNA sequences that contain
these two sites can confer TGF— {31 1esponsiveness on a heter—
ologous minimal promoter. Lastly, these studies demonstrate
that, in the. absence 0‘" TSP—[31 stimulation, 411an) is the. major
AP}. subunit in'»olveclin {L ll. promoterprotein bindino and
that ’l‘GI<-45. stimulation is 1ssociated with increased o-Jun,

‘F‘anrl decreased lnnI)DNA bii.ding.
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Transfoi‘ming Growth Factor-I3 Stlmulates
Interleukin-11 Transcription via Complex
Activating Protein-l-dependent Pathways

Weiliang Tang. Liu Yang, Yu-Chung Yang.
Shawn X. Leng and Jack A. Elias
J. Biol. Chem. 1998, 273:5506-5513.
doi.‘ 10.1074/jbc.273. 10.5506
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Targeted Expression of lL-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}§ Charles Kuhn Ill,“ Richard A. Flavell,H
and Jack A. Elias*

*Departmenz ofInternal Medicine, Section ofPulmonary and Critical Care Medicine, iDepartment ofPathology; and HDepartment of
Irnmunobiology, Yale University School ofMedicine, New Haven, Connecticut 06520, §VA-C T Health Care System, West Haven,
Connecticut 06516; and ("Department ofPathology, Brown University School ofIMea'icine, iMemorial Hospital ofRhode Island,
Pawtacket, Rhode Island 02860

Abstract

Interleukin-11 is a pleotropic cytokine produced by lung
stromal cells in response to respiratory viruses, cytokines,
and histamine. To further define its potential effector func-
tions, the Clara cell 10-kD protein promoter was used to ex-
press IL-11 and the airways of the resulting transgene mice
were characterized. In contrast to transgene (—) littermates,
the airways of IL-11 transgene (7) animals manifest nodu-
lar peribronchiolar mononuclear cell 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 or smooth muscle actin and desmin-containing
cells and a spectrum of stromal elements including fibro-
blasts, myofibroblasts, and smooth muscle cells. Physiologic
evaluation also demonstrated that 2-m0-01d transgene (+)
mice had increased airways resistance and non-specific air-
ways hyperresponsiveness to methacholine when compared
with their transgene (i) littermates. These studies demon-
strate that the targeted expression of IL-11 in the mouse air-
way causes a B and T cell—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 important role in the inflamma-
tory and fibrotic responses in viral and/or nonviral human
airway disorders. (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 N 9—12 million people
(1, 2), chronic obstructive pulmonary disease (COPD)1 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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ment of Internal Medicine, 333 Cedar Street, 105 LCI, New Haven,
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Transgenic Expression 0fInterleukin-II in the blouse Airway

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, the
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, 12715) and may similarly
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 later life. These
viral effects are felt to be mediated via a number of mecha—

nisms, including the induction and modulation of local inflame
mation (10, 12, 20). Virus—stimulated cytokine production is
increasingly understood to play a prominent role 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
know little about the mechanism(s) by which pediatric viral in—
fections and virus—induced cytokines predispose to airways dis—
orders in later life.

IL—11 was initially discovered as a plasmacytoma prolifera—
tion stimulating activity in supernatants from transformed
marrow fibroblasts (24, 25). In accordance with this finding,
most studies of IL—11 have focused on its roles in hematopoie—
sis (25), IL—11 has, however, been shown to have a variety of
other bioactivities, 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—Bl), 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 1L—11 induces

1. Abbreviations used in this paper: AHR, airways hyperresponsive—
ness; BAL, bronchoalvcolar lavagc; CC10, Clara ccll 10-kD protein;
COPD, chronic obstructive pulmonary disease; MCh, methacholine;
PIV3, parainfluenza Virus type 3; RSV, respiratory synctial virus,
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Ex. 2001 - Page1556



Ex. 2001 - Page1557

Downloaded from hammer ajeierg on February 26, 2015. http:.'/d‘;:.det.er

airways hyperresponsiveness (AHR) when inhaled in a tran—
sient fashion into murine lungs (23). As a result of these obser—
vations, we postulated that IL711 plays an important role in the
pathogenesis of human airway disorders, particularly those
that are associated with viral infections.

ln 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 IL711 when chronically 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 lL—11 to the respirat01y tree. These
studies demonstrate that IL—11 causes impressive airway alter—
ations with transgene (+) animals manifesting a nodular B and
T cellipredominant peribronchiolar inflammatory response,
bronchial remodeling with subepithelial fibrosis, and physiologic
dysfunction characterized by airways obstruction and nonspe—
cific AHR.

Methods

Production and identification of transgenic mice. To study the effeci
tor functions of IL-11 in the airway, we took advantage of the fact
that the murine respiratory tract epithelium contains 50—60% clara
cells (32, 33). As previously described (32), we used the promoter of
the CC10 gene to target the expression of human IL711 to airway tis
sues. The rat CC10 promoter was a gift of Drs. Barry Stripp and Jef-
frey W'hitsett (34). It was isolated as a 2.3-kb HindIII fragment and
subcloned into the HindIII site of construct pKS-SV40, yielding con-
struct pKS-CClO-SV40. pKS-SV4O had been previously prepared by
inserting a 0.8571(b BglII/BamHI fragment containing SV40 intronic
and polyadenylation sites into the BamHI site in construct pBlue-
script IIKS (Stratagene Inc., La Jolla, CA). The cDNA encoding hu-
man IL—11 was a generous gift of Dr. Paul Schendel (Genetics Insti—
tute, Cambridge, MA). It was isolated as a 1.2—kb EcoRI fragment,
end filled with Klenow enzyme and subcloned into the EcoRV site in
pKS—CClO-SV4O using standard techniques. All constructs were
checked for correct orientation of the inserts by restriction enzyme
digestion, andjunction sequences were confirmed by sequencing The
resulting CC10—IL—11—SV40 construct was purified, digested with Asp
718 and BamHI to 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-
fied through Elutip-D columns following the manufacturer’s instruc-
tions (Schleicher and SchuelL Inc., Keene, NH) and dialyzed against
injection buffer (0.5 mM Tris-HCl/ZS mM EDTA, pH 7.5). Trans-
genic mice were prepared in (CBA >< C57 BL/6) F2 eggs using stall—
dard pronuclear injection as previously described (32, 35). The pres-
ence or absence of the transgene was evaluated in offspring animals
using tailiderived DNA. This was initially done by Southern blot
analysis using 32P—labeled IL-11 cDNA as a probe. Similar results
were obtained by PCR using 5’-CGACTGGACCGGCTGCTGC-3’
and 5/-(I'l‘AAC'I‘AGGF-(KlA(lATAA'Hl(l(l(l(l(l(l(l(lA-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.

Asn 718 Bam HI

 
  rat CC10 promoter human ll.-ll cDNA SV40 sequence

+ + 0.35 kl) >l

Figure 1. Schematic illustration of CC10-IL-11 construct used in the
preparation of the transgenic mice described in this manuscript.
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Bronchoalveolar lavage and quantification ofIL-I] levels. Mice
were killed Via cervical dislocation, a median sternotomy was per—
formed, blood was obtained Via right heart puncture and aspiration,
and serum was prepared. The trachea was then isolated via blunt dis—
section and small caliber tubing was inserted and secured in the air—
way. Three successive washes of 0.75 1111 PBS with 0.1% BSA were
then instilled and gently aspirated Each bronchoalveolar lavage
(BAL) aliquot was centrifuged and the supernatants were harvested
and stored individually at 770°C until ready to be used. The levels of
IL-11 in the BAL fluid and serum were quantitated inununologically
via ELISA and biologically rising the B9.11 plasmacytoma prolifera—
tion bioassay. The ELISA was performed 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.ll cells also provided by (lenetics Institute. Since

both IL-6 and IL-11 can stimulate B9.11 cell proliferation. this assay
was performed in the presence and absence of neutralizing 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-ll gene expression was assessed by probing with 32P-
labeled IL-11 cDNA. Equality of sample loading and efficiency of
transfer were assessed via ethidium bromide staining.

Histologic evaluation. Animals were killed via cervical disloca—
tion, median stenotomies were performed, and right heart perfusion
was accomplished with calcium and magnesium-free PBS to clear the
intravascular space. The heart and lungs were then removed en 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 columnar epithelium to the outer limit of
the adventitia was measured using an eye—piece reticle. Bronchioles
< ..50 p.111 in diameter that presented a closed circular or oval profile
were selected 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 mouse, 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 lnstat
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. The tissues were then processed using a number of ap—
proaches. For evaluations of cell surface markers and subepithelial
airway cellularity, lungs were inflated with 1 X PBS/33% (vol/vol)
OCT tissue-tek compound (Miles Laboratories, Inc., Elkhart, IN)
and snap frozen in OCT by submersion into Z—methylbutane cooled
with dry ice. Tissue sections were cut, transferred onto silane-treated
glass slides, fixed with acetone for 15 min, and stained with various
antibody reagents as previously described (3t). Sections were
blocked with avidin-blocking kit (Vector Laboratories, Inc., Burlin—
game, CA) and BSA before reaction with the desired biotinylated
primary antibody. 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 streptavidinialkaline phosphatase solution (Vector Laboratoi
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, (IA).

For types I and III collagen immunostaining, mouse lungs were
chilled in acetone containing protease inhibitors (20 mM iodoaceta-
mide and 2 mM phenylmethyl sulfonyl fluoride) at 720°C for 16—20 h.
The lungs were then chopped into N 2 X 5 X 6 mm3 pieces and im—
mersed three times in glycol methacrylate (GMA) monomer at 43C
for 6 h. The samples were then embedded in GMA according to the
manufacturer’s instructions (JB4 Embedding Kit; Polysciences Inc.,
Warrington, PA) and Z-ttm sections were cut and transferred onto si-
lane-treated glass slides. Immunohistochemical staining was under-
taken as described above except that sections were treated with l M
citric acid (pH 3.0) for 2 h before staining, and primary antibody incu
bation took place at 4°C overnight.

The antibodies that were employed and their sources are listed
below. They included antibodies to (ID3, (ID4, (IDS ((libco Labora-
tories. Grand Island, NY), Mac-l (Pharmingen, San Diego, CA),
B220 (Pharmingen), MHC Class II (a gift from Dr. Kim Bottomly,
Yale University), type I collagen (Chemicon International, Inc., Te-
mecula, CA), type III collagen (a gift from Dr. J. Madri, Yale Univer-
sity), rat-smooth muscle actin (Sigma Chemical Co, St. Louis, MO),
and desmin (Sigma Chemical Co.).

Electron microscopy. Fragments of lung from three age- and sex—
matched littermate pairs were fixed in 3% gluteraldehyde, postfixed
in osmium tetroxide, and embedded in Epox 812 (Ernest F. Fulham,
Inc., Latham, NY). Tissues 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 evaluation o/lrtmsgenic mice. Age, sex, and weight
matched littermate mice were anesthetized with pentobarbital (90
mg/kg) and tracheostomized with an lS-gauge angiocatheter. Air-
ways resistance was then measured using a modification of the tech
niques described by Martin et a1. (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). The resistance
of the tracheostomy catheter was routinely eliminated. Baseline mea-
surements of pulmonary resistance were obtained by ventilating the
mouse in the plethysmograph at volumes of 0.4 ml at a rate of 150
breaths per minute (settings previously shown to produce normal ar-
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, i11-
creasing concentrations of methacholine (MCh) in PBS were admin-
istered by nebulization (20 one-ml breaths) using a Devilbiss Aerosonic
nebulizer (Model 5000; DeVilbiss Health Care, Somerset, PA) that
produces particles 1—3 uM in diameter. Pulmonary resistance was cal-
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 PCM, (provocative challenge 100), the dose at which pulmonary
resistance was 100% above the baseline level as calculated by linear
regression analysis.

Statistical analysis. Values are expressed as means:SEM. Unless
otherwise noted, group means are compared with the Student’s two
tailed unpaired t test using the StatView software for the Macintosh.

Results

Generation of transgenic mice. To generate transgenic mice in
which IL711 is overproduced in a lungispecific/selective fashi
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Figure 2. Southern blot analysis of CClO-IL-ll mice. Tail DNA was
obtained and the presence or absence of the CClO—IL-ll construct
was determined using Southern blot analysis as described in Methods.
The results obtained using tail DNA from transgene (+) founder ani—
mals (lanes 2—8) are compared with a transgene (7) littermate (lane
1) and copy number control (lanes 9—12).

ion, pronuclear microinjections of the CCID—IL—ll—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 and the 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. Northern blot analysis of IL—11 mRNA expression in mouse
organs. Total cellular RNA was isolated from the noted organs of
transgene (+) CClO-IL-ll mice and the levels of IL—11 mRNA char—
acterized using Northern blot analysis as described in Methods. The
IL-ll mRNA in total cellular RNA from the different tissues is com—

pared with the IL-ll mRNA in TGF-[S1 (1011g/ml)—stimulated human
lung fibroblasts (Ha Ilr-ll control). Ethidium bromide controls are in
bottom panel.
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Figure 4. Levels of immunoreactive ILill in BAL fluid and serum of
transgene (+) and (7) littermates. The noted values represent the
meaniSEM of the evaluations of four separate pairs of transgene
(+) and (7) littermates (* I’ < ().()1 vs. serum of transgene (+) ani-
mals and BAL and serum of transgene (7) animals; paired t 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 ofIL]I gene expression and
protein production. To determine if the CClO—IL—ll transgene
was appropriately expressed, Northern analysis was used to
compare the levels of lL—ll mRNA in the lungs and extrapul—
inonary organs of transgene (+) and (—) littermates. IL—11
mRNA was readily 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
lL—11 mRNA appeared to have one major and one minor tran—
script. IL—11 gene expression also appeared to be appropri—
ately targeted to the lung since human IL—11 mRNA was not
detectable in the RNA from a variety of extrapulmonary organs
(Fig. 3). In all cases, IL—ll mRNA appeared to be appropri—
ately translated since IL—11 was easily detected immunologically
and biologically in the BAL fluid of the transgene (+) animals,
but not in the serum of transgene (+) animals or the serum or
BAL fluid of transgene ( —) littermates (Fig. 4 and Table I).

Table I. [Lil] Bioactivity in BAL Fluids From Transgene (+)
and (—) Animals 

[3H]-Tdr incorporationf

 

Incubation conditions* No antibody + AntiilL-ll

BAL (7) 3,178:3,708 1,705:166
BAL (W) 57.383:5,351 5568:378
BAL (W) 52,960:4,7l7 (1189:5507
Negative control 1,8%:1()1 —

*BAL were performed on transgene (+) and (7) littermate F2 progeny
of ILll transgenic mice. lB911 plasmacytoma [3H]-Tdr incorporation
assessed in the presence and absence of antiilL—ll. BAL plasmacy-
toma-stimulating activities are compared with the proliferation ([SHJ-Tdr
incorporation) of 159.11 cells incubated in medium alone (negative con-
trol). Values represent the mean:SEM of triplicate determinations
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Figure 5. Histologic abnormalities in airways of CClO-IL—ll trans-
genic mice. The lungs of transgene (+) and (7) animals were re-
moved, fixed, and evaluated using hematoxylin and eosin and
trichrome stains. The histologic appc arancc of the transgene ( )
mouse lung (A) is compared with the peribronchiolar lymphocytic inf
filtrates and bronchiolar thickening in the transgene (+) animals (B
and C). The collagen content of the lungs of transgene (7) animals
appears in green in D. This contrasts with the impressive subepithe-
lial fibrosis seen in the airways of transgene (+) animals (E). (Origi-
nal magnification 67.5 X .)

Effect ofIL-11 on marine 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 17 and Zamoiold 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 ofperibronc/ziolar nodules. The results noted
above demonstrate that IL—11 overexpression in the murine
airway generates nodular collections of lymphocyte—like mono—
nuclear cells. 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 11 (+) 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
CCloeILell animals. The thickness of the bronchioles of 0.57, 17, and

Z-mo—old transgene (+) and (7) littermates were measured as de-
scribed in Methods. Values represent the meaniSEM of at least
three pairs of animals at each time point (* I’ < 0.001 Bonferonni
Multiple comparisons test).

appreciated with only a rare cell staining with this antibody
(Fig. 7). None of the antibodies that were used reacted with
the airways in sections of lung from transgene (7) 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 nodular infil-
trates. Immunohistochemical techniques were used to evaluate the
cellular composition of the peribronchiolar infiltrates seen in the
transgene (+) CClO-IL—ll animals. Antibodies against B220 (A),
MHC class 11 (a), (1m ((1),(Il)4(l)), (1)8(11'), and Mac-l (r) were
employed, (Original magnification 50X)

ajcicrg on February 26, 2015. hilpi.fl’d‘;§.déi.0¥gii
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Figure 8. Iinmunohistochemical analysis of fibrotic response in
CClO-IL-ll transgenic micc. Immunohistochcmistry was used to
evaluate the type I collagen in the airways of transgene (+) (A) and
(7) (C) animals and the type III collagen in the airways of transgene
(+) (B) and (7) (D) animals. (Original magnification 50X .)

Composition of the 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 III
collagen in transgene (+) vs. (7) animals (Fig. 8). Thus, the
subepithelial fibrosis seen in CClO—IL—ll transgenic animals
results, at least in part, from the increased accumulation of
type III and, to a lesser 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 CClO—IL—ll transgene (+) animals. The immu—
nohistochemical evaluations demonstrated an increase in the

Figure 9. Immunohistochemical evaluation of subepithelial cellular-
ity in CC] (ML—11 mice. Immunohistochemistry was used to evaluate
the cellular components of the subepithelial fibrotic response in
CC107IL711 transgene (+) and (7) animals, A and C represent the
(ll—SmOOlh muscle actin immunoreactivity in transgene (7) and (+)
animals, respectively. B and D represent the desmin immunoreac-
tivity in transgene (7) and (+) animals, respectively. (Original
magnification 50X .)
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number of or 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 stromal cells
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 enhanced striated

collagen deposition (Fig. 10). They also demonstrated the ac—
cumulation of a variety of stromal cells in these fibrotic loca—
tions. Ultrastructurally, many cells 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—lL—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 fibroi
blasts, myofibroblasts, and smooth muscle cells.

Effect ofIL-ll on airway physiology. Airways obstruction
and hyperresponsiveness to nonspecific stimuli such as MCh
are prominent features of asthma, COPD, and a variety of dis—
eases characterized by chronic airways inflammation and/or

2850 Tang el al.
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Figure 10. Electron microscopic ap-
pearance of peripheral airway of
CC10-lL-11 mice. (A) Low power
View of airway wall with epithelial
cells (EP), myocytes (M), and fibro-
blastic cells (F). Note intact base—
ment membrane (0pm. arrnws) and
collagen deposition (C) (4,000><),
(B) Smooth muscle cell with well
formed Golgi (G), Note myofilamcnts
(IMF) (18,000X ) (C) Fibroblast with
rough endoplasmic reticulum (RE/6)
(18,000><), (D) Myofibroblast with
subplasmalemmal dense body (open
arrow) and basal lamina (closed
arrow) (36,000X), (E) Myofibro-
blast with myofilamcnts (MF) and
subplasmalemmal vesicles (open
arrow) (36,000 X )

fibrosis. Thus, studies were undertaken to characterize the

physiologic profile of IL—11 transgene (+) and (—) animals.
Overall, 18 age, sex, and weight matched littermate pairs were
evaluated. The baseline airways resistance of IL—11 transgene
(W) animals greatly exceeded that of IL—11 transgene (7) 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 (745.3 :2275 vs.
227.5:6.4 cm HQO/liters per s; P < 0.05). In addition, 1.5727
mo—old transgene (+) animals manifest exaggerated sensitivity
to methacholine since they achieved a 100% increase in air—
ways resistance 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

IL711 transgene (+) animals manifest increased airways resis
tance and airways hyperresponsiveness to MCh when com—
pared with transgene (7) littermate controls.

 

Discussion

Airway inflammation and fibrosis are prominent features of a
variety of disorders including asthma, COPD, bronchicctasis,
and bronchiolitis (3—11). In these disorders, the relationship(s)
between inflammation, 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 (7) and (+) mice.
The effect of varying concentrations of methacholine on the airways
resistance of paired transgene (+) (O) and transgene (7) (I) litteri
mates were evaluated as described in Methods. Values represent the
meaniSEM of six age and sex matched littermates evaluated 011 the
same day (* I’ < 0.05, **I’ < 0.01, ttest).

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 lL—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 incui
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 AHR in Vivo (23). In contrast, the chronic ef—
fects of IL711 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, br‘onchiectasis, and br‘onchiolitis, we used the

CC10 promoter to chronically express IL—11 in the murine air—
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, rnyofibroblasts, 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 medium that 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
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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 stimulatory activities of
both of these cytokine moieties (28, 42, 43). Interestingly, how—
ever, inflammation were more prominent in the CC10—lL—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 CC1071L76 animals
manifesting normal baseline airways resistance and airways
hyporesponsiveness to methacholine, while CC10—IL—11 ani—
mals demonstrated increased baseline airways resistance and
AHR to 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 mui
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 satire cytokine family with common re—
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 lL—6 is less important in the pathogenesis of these
obstructive physiologic abnonnalities.

Remodeling responses in the human airway, characterized
by tissue fibrosis, matrix alterations, and quantitative and/or
qualitative alterations of the structural and other resident cells
that make up the airway wall are well documented in 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 airway biopsies for de—
cades is known to be due to the subepithelial deposition of
type III 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 of the 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 many of the important features of the remodeled
asthmatic airway. Specifically, it demonstrates that the tar—
geted expression of IL711 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 variety of stromal cells, including airway myofibroblasts. This
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study did not address the mechanism(s) responsible for this fi—
brotic response. There are, however, a number of possible
pathways that deserve comment. First, IL711 is known to stimi
ulate the production of tissue inhibitor of metalloproteinase—l
(26, 27). Tissue inhibitor of metalloproteinase—I decreases col—
lagen degradation and thus could contribute to collagen accu—
rrrulation and tissue fibrosis. Second, studies from this and

other laboratories have demonstrated that TGF—B is a potent
stimulator of IL711 production (26, 30). This raises the possi
bility that fibrogenic effector functions of TGF—B, such as its
stimulation of collagen production and or—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 was felt 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
now known that a chronic eosinophilic and rrrononuclear 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 eosinoi
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
AHR and that different processes may be operative in differ—
ent disorders.

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

olitis ('10), RSV, PIVS, 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—
opment of asthma and COPD in later life (12, 13, 17, 19). The
mechanisms behind these associations are, however, poorly
understood. Previous data from our laboratory demonstrated
that rhinovirus, RSV, and PlV3 are potent inducers of lL—11
production in vitro (21, 23). This contrasts with the inability of
other pneumotropic infectious agents to similarly induce the

2852 Tang er a].

[EC-.1 12721.56}? M3133"

production of this cytokine, and suggests that IL—11 plays an
important role in the pathogenesis of these viral disorders. The
demonstration in these studies that IL711 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 IL711 is involved in medii
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 lL—11
production, which causes lymphocytic infiltration and airway
remodeling. When coupled with the observation that IL—11 in—
hibits human macrophage IL712 production (S.X. Leng, De
partment of Internal Medicine, Yale University; and IA.
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 Th2 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 IL711 may play an important role
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 evidence of tissue
fibrosis involving a number of structural changes, including pap-
illary dermal fibrosis and epidermal hyperplasia. These changes
are suggested to be the result of chronic inflammation of the
skin. Several remodelirig-associated cytokines, including trans-
forming growth factor (TGF) Bl, IL-11. and IL—l'], have been
shown to be increased in allergic diseases. including asthma.
Objective: We investigated TGF-Bl, IL-11, and IL—17 expres—
sion in skin biopsy specimens recovered from acute and chron—
ic skin lesions from patients with AD, as well as from unin—
volvcd 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 I,
and type III collagen deposition.
Methods: We evaluated the expression of TGF-Bl, lL—ll, and
IL-17 by means of immunohistocheniistry. Collagen deposition
was assessed by means of imniunohistochemistry and van
Gieson staining.
Results: TGP-fil expression was markedly enhanced in both
acute and particularly chronic lesions (P < .001). Although 1L—
ll expression was significantly increased only in chronic
lesions (P < .0001). IL-17 was preferentially associated with
acute lesions (P < .005). Although collagen type Ill deposition]
was not significantly different among the groups, type i colla-
gen deposition was significantly increased in chronic AD
lesions (P < .0005). There was a significant correlation between
lL-ll and type I collagen deposition, as well as the number of
eosinophils in skin specimens from patients with AD (r3 =
0.527, and r2 = 0.622. respectively; P < .0001).
Conclusion: These results suggest that TGF—Bl. IL-11, and IL—
17 are involved in the remodeling of skin lesions in patients
with AD. However. IL-11 and IL-l'l are preferentially
expressed at different stages of the disease. Type l collagen
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appeared to he the major subtype involved in this repair
process. (J Allergy Clin lnnnunol 2003;111:875—81.)

Key words: Ample dermatitis, skin biopsy fibrosis. cymkines, col,
Zagen, remodeling

Tissue remodeling has been well documented in asth—
matic airways and is characterized by various structural
changes. including airway wall thickening, suhepithclial
fibrosis, mucus overproduction, smooth muscle hyper—
plasia—hypertrophy, and epithelial l'iyl‘aertropby.1s2 Airway
remodeling is a consequence of chronic inflanmiatory
episodes,3 w ’hich are associated predominantly with Tau»
type cytokines (1L4. lLel3, and 1L5). Subepithelial
fibrosis is described as the result of an enhanced deposi—
tion in the lamina reticularis of extracellular matrix

(liClVl) components, such as type i, type ill, and type V
collagensfl’6 that might be regulated by l'ibrogenic
cytoklnes (cg, transforming growth factor [TGF] B).

Numerous reports demonstrated that among all 3
TGF—B isoforms synthesized by mammalian cells, TGF—
[31 is predominantly associated with fibrosis. TGF-fi is
the major fibrogcnic cytokinc that has been shown to act
on fibroblasts for the synthesis and secretion of colla»
gens, as well as other mediators.7'12 TGF—B has been
reported to participate in collagen accumulation within
the ECM" and plays a critical role in wound healing and
tissue remodeling. Various cell types, including
cosiiiophils,”“15 T lymphocytes, fibroblasts, macro—
phages, and epithelial cells,15:17 have all been shown to
produce TGF—B.

lLr ll is a hematopoietic cytokine that is produced by
a variety of stromzll cells, including epithelial cells,
fibroblasts, and myocytes.18'21 Studies performed in
transgenic mice revealed that ll..»ll induces some tea»
turcs of remodeling, such as enhanced deposition of type
l and type III collageris23-Z3 1L l7 is a recently described
cytokine mainly released by CD4+ T cells that induces
the release of pi‘oiuflammatory mediators from
macrophages and fibroblasn‘..24“:6 We recently demon—
strated that lLvl7 expression was increased in asthmatic
airways, particularly in patients with severe asthmafimg
We also showed that recombinant IL—l7 increased the

release of H476 and H.711 by fibroblasts isolated from
bronchial biopsy specimens in asthmatic subjects.27
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Abbreviations used

AD: Atopic dermatitis
ECM: Extracellular matrix

HPF. High—power field
TGF: Transforming growth factor 

Atopic dermatitis (AD) is a chronic inflammatory
skin disease with increased serum lgE levels and tis—
sue eosinophilia.29-3U The expression of profibrotic
cytokines has yet to be analyzed in AD. in this study
we speculate that TGF-B, lL—ll, and lL-l? 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 each) were

obtained from 8 patients fulfilling the diagnostic criteria for AD.“
Three specimens were recovered from each patient, one from acute
erythenfltous AD lesions less than 3 days from onset, one from
chronic lichenitied AD lesions 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 itmnediately in 4% par ormaldehyde, embedded in 

OCT medium and snap-frozen in liquid nitrogenwcooled isopentane
for immunohistoehemistry.

The age of patients with AD ranged from l9 to 49 years (medi-
an, 28 years). All patients had a history of Al) dating back to early
infancy and had associated respiratory allergy (allergic rhinitis or
asthma). Serum lgE levels ranged from 269 to l0,7(l0 ll l/ml. (medi-
an, 530[) lU/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 Nledical and Research Cen—

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

lmmunohistochemistrv
As previously alkaline

phosphataseiantialkaline phosphatase method to identify cytokines,
described,32 we used the

collagen subtypes, and inflammatory cell phenotypes within the
skin biopsy sections (5-mm tissue sections). Specific antibodies
were used to id .. fy eosinophils tanti—EGE' Kabi Pharmacia Diag—
nostics AB, Uppsala, Sweden), T cells (anti-CD3; Becton—Dickin-
son Canada. Mississauga, Ontario, Canada)> type 1 and type Ill col-
lagens (\Medicorp, Montreal, Quebec, Canada}, TGF~B1 (Cedarlane
Laboratories, Hornby. Ontario, Canada). and lL-ll and lL-l7
(R&D systems, Minneapolis, Minn). For negative control prepara-
tions, the primary antibody was replaced with either an irrelevant

 

isotype—matclied control immuuoglobulin or TRIS-buffered saline
solution.

J ALLERGY CLlN IMMUNOL
APREL 206-3

Histochemis‘trv
Total collagen was identified on skin biopsy sections by using

van Gieson staining, which allowed collagen fibers to appear as red
fibers.

Quantification

Slides were coded. and positive cells were counted blindly under
a 200x magnification with an eyepiece graticule. Two to 6 fields
were counted per section, depending, on the size of the biopsy spec-
irnens and the pattern of alignment of the giid covering an intact
area of epithelial and subcpithelial areas. lmrnunorcactive cells
were quantified as the mean cell count expressing the appropriate
positive marker per high—power field (HPF; 0.202 cmz). The sever—
ity of dermal fibrosis was scored on a l to 4 scale according to the
extent of fibrosis 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 1 SD.

Statistical analysis
Statistical analysis of the results was performed by using

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

comparisons by using the Bonfeironi correction factor (Systat ver-
sion 80', SASS, Chicago, Ill). Results were consrdered as statisti-
cally significant when the P value was less than .05.

RESULTS

Phenotype of inflammatory cells

Skin biopsy specimens from acute Al) lesions charac—
teristically showed epidermal hyperplasia with intracel—
lular edema and inflammatory cell 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 < .OOOl, Table l). Although the mini»
ber of CD3+ T cells was also significantly greater in
chronic lesions than in uninvolved skin from patients
with AD and normal skin (P < .OOUl), 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 eosinophils in normal skin
versus that, in uninvolved skin from patients with AD.

TGF-p‘i, iL—11, and IL—17 expression

TGFifil expression was significantly increased in
chronic and acute lesions (13.5 i 1.7 and 9.0 i 3.1
cells/HPF. respectively) compared with that in unin—
volved areas (3.8 i “.4 cells/Hl’h; P < .0001 and P < .001
vs chronic and acute lesions. respectively) and normal
skin (l5 1 1,4 cells/l-lPF; P < .000} and P < .005 vs
chronic and acute lesions, respectively; FiU 1). Moreover,
the number of TGF—lil+ cells was higher in chronic than
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mens of patients with AD and in skin of healthy volunteers. Bars represent means. *P< .001 and P< .0001
compared with uninvolved skin from patients with AD and normal skin, respectively; §§P< .005, P< .001,
and P< .0005 compared with chronic lesions, uninvolved skin from patients with AD, and normal skin,
respectively; “'P< .005, P< .0001, and P< .0001 compared with acute lesions, uninvolved skin of patients
with AD, and normal skin, respectively; tP < .0001 compared with acute lesions, uninvolved skin from
patients with AD, and normal skin.

TABLE I. Phenotype of inflammatory cells accumulated in skin biopsy specimens

 

Acute lesions Chronic lesions Uninvolved skin Normal skin

CD3+ cells (/HPE) 99.4 .' "" “ 60.1 :+:. 8.313‘1503: 7.1 9.8 :1: 43
1362+ cells (/HPF) 3.9 : 2.4- 12.4 r 5.1;; L 1 i 0.4 0.1 i 04

Values are presented as means : SD.
>"P < .0001 compared with chronic lesions. uninvolved skin of patients with AD. and normal skin.
TP < .0001 compared with uninvolved skin of patients withAD and normal skin.
11’ < .0001 compared with acute lesions. uninvolved skin of patients with AD. and normal skin.

in acute lesions (P < 005). No significant difference was uninvolved skin (1.3 i 0.7, P < .001), and normal skin
seen between uninvolved and normal skin.

1L~11 expression was only significantly increased in
chronic lesions (9.6 r 4.7 cells/HPF. P < .0001), Where—
as it reached similarly low levels in acute lesions and in
uninvolved and normal skin ("2.3 i 1.7. 1.8 i 1.5. and 0.6
i 0.7 cells/EFF, respectively; Fig 1). In contrast, a sig—
nificant increase in 1L—17 expression was only detectable
in acute lesions (5.6 i 2.4 cclls/HPF‘) compared with in
the 3 other groups. which had low levels of 1L—17 expres—
sion (1.8 r 1.5 [P < .0051. 1.5 11.41;” < .001], and 1.1
i 1.6 cells/HPF [P < .00051 in chronic lesions. unin-

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

Deposition of total, type I, and type III
collagens

Total collagen deposition, as assessed by means of van
Gieson staining. was not different among acute and
chronic skin lesions (2.5 i 1.23 and 2.4 t 1.3, respective—
ly). uninvolved skin and normal skin (1.5 i 0.9 and 1.3 r
1.0. respectively; Fig 2). However. the score of type 1 col—
lagen, as assessed by means of immunostaining. was sig—
nificantly higher in chronic skin lesions (3.1 t 0.8) come
pared with that in acute lesions (1.3 i 0.7. P < .001).

(0.6 I 0.7, P < .0001). Collagen type 1 deposition was
observed particularly in the upper dermis of skin lesions
(Fig 3). Regarding type 111 collagen expression. no sig—
nificant difference was seen among the 4 groups (1.6 i-
1.1. 2.0 t 1.3. 2.1 i 1.6. and 1.3 i 0.7 in acute lesions.
chronic lesions, uninvolved skin, and normal skin.

respectively).

Correlation studies between eosinophils,
fibrogenic cytokines, and type 1 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 number of
HG?“ cells (Fig 4.11), the number of H.711+ cells (Fig 4.
B). and the deposition of type 1 collagen ( 3 = 0.622 [P <
.0001] and r3 :: 0.527 [P < .0001]. respectively).

DESCUSSION

Structural changes, including papillary dermal tibroe
sis. epidermal hyperplasia. and diffuse intercellular and
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respectively.

 
HG 3. Representative examples of total collagen deposition, as detected by using van Gieson staining in
chronic (a) and acute (b) AD; immunostaining For type l collagen in chronic AD (:2) and in uninvolved skin
from patients with AD (d); and immunostaining for type III collagen in chronic lei and acute (fl AD.

intracellular edema. are features or" Al").3033 Previous

studies have shown that matrix metalloproteinases and
their specific inhibitors contribute to inflammation—
incluccd tissue destruction and subsequent remodeling in
AD.34 We have established that remodeled asthmatic air—

ways are associated with increased numbers of TGFB 1*".
lL—ll+, and IL—l7‘r 5611313332728 As such, we hypothe—

sized that the expression of fihrogenic and fibrosis-asso—
ciated cytokines, such as TGF—lfil, lL—ll, and lL—l7,
might he enhanced Within AD skin lesions.

In this study we investigated the expression of TGF—
B1, lL—ll, and lLrl,7 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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number of cells expressing TGli-lll, ll..»l l, and ii.» l7 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 lL—l7 and, to a lesser
extent, with TGF—fil. in contrast, chronic lesions are pre—
dominantly associated with 'l'GF—[il and lL~ll expres—
sion. Morphologic analysis of our tissue sections
revealed that the majority or” IL— 17 was T cells and, to a
lesser extent, eosinophils. However, the main cellular
source of IL—ll and TGF—B was eosinophils and, to a
lesser extent, T cells.

TGF—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.1035,35 Among
TGF—fil, TGF—BZ. and TGF—fi3 isoforms, TGF-Bl is pre—
dominantly expressed during fibrosis development.19
Our data provide evidence for the first time that the
expression of TGFvlll 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 as si gnilicant correlation between the number of
accumulated eosinophils and the number of TGF—Bl+
cells. which is consistent with our previous study in asth-
ma.18 Although we previously demonstrated that TGFifil
expression was related to the severity of asthma,”2 its
precise relationship in AD remains to be clarified.

The assumption that lL—l l plays a role in the develop—
ment of subepithelial fibrosis and airway remodeling
comes from studies done in lL—ll transgenic mice.22 in
vitro studies have also demonstrated that TGFifil is a
potent stimulator of lL—ll production, accumulation, and

gene transcription in human fibroblasts, alveolar and
bronchial epithelial cells, and smooth muscle cells.37rl0
Our results are in agreement with these data because both
TGFifil and lLill expression were increased in chronic
lesions. in contrast, the presence of TGF~lll and the
absence of lL—ll in acute lesions might suggest that
'l‘(ll~'~fil initiates the upregulation of lLvll observed in
chronic stages of the disease. In addition, we have recent—
ly demonstrated that lL~ ll mRNA expression was more
dramatic as asthma became increasingly severe.23 More
over, this expression was related to increased type l and
type lIl collagen deposition.

Because its expression was enhanced only in chronic
skin AD lesions. we speculate that .lL»-ll is associated
with the persistence of AD. In support of this is the Sig-
nificant correlation we found in our previous study23
between the number of eosinophils and lL—ll+ cells.
These results suggest that the accumulated eosinophils at
the site of chronic lesions might be the major producers
of IL] l through TGF—fil stimulation in an autocrine or
paracrine manner. in addition, eosinophil—derived major
basic protein has also been described to participate in the
production of lL~ll by lung fibroblasts.“ However.
other lL—ll—producing cells should be considered, such
as structural cells, including strornal cells, fibroblasts,
endothelial cells, and epithelial cellsml The evidence
that 'l‘GF-lfil and ll..»l l 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~l7 is a novel cytokine apparently secreted prefer—
entially by CD4"' activated memory T cells?“26
Although we found no significant correlation between
the expression of lljl7 and the number of T cells in our
study, the increase in lL—l7 in acute lesions paralleled the
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augmentation of T cells. Our previous study showed that
lL—l7 expression was increased in bronchoalveolar
lavage fluid, sputum, bronchial biopsy specimens, and
peripheral blood eosinophils recovered from asthmatic
patients???“ Moreover, the pattern of lL~l7 expression
in asthmatic airways was predominantly associated with
subepithelial fibrosis lesions.28 Thus we hypothesized
that lL—l7 might be expressed and associated with der—
nial fibrosis in AD skin lesions. in fact, the increase in

11717 expression was observed only in acute. but not in
chronic, AD lesions. This observation is of interest
because we have demonstrated that lL»— l7 increased the

basal production of lL—ll by normal and asthmatic
bronchial fibroblasts.27 Therefore we might hypothesize
that IL—l7 initiates the development of tissue fibrosis in
AD skin lesions indirectly through the release of lL~ll..
To further support our hypothesis, lL—l7 stimulates
epithelial and endothelial cells, fibroblasts. and
macrophages for the release of lL—o, lL-IB, TNli—OL, and
Gh/l—CSF,34’36 a number of which are increased in AD

skin lesions. Studies done in transgenic mice demon-
strated that lL76 is a potent tihrogenic cytokine, leading
to the development of a suhepithelial fibrosis in the air»-
ways.42 IL—l, INF—Lt, and GM—CSF also stimulate
fibroblasts to induce the proliferation and synthesis of
ECM components. We have shown also that lL—l7
enhanced in vitro the basal production of 11..»6 by fibro-
blasts isolated from asthmatic bronchial biopsy specie
mens.’27 Consequently, lL~l7 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 lL—ll and lL—o.

Regarding collagen, papillary dermal fibrosis corre—
sponding to lichenitied lesions has been well accepted as
a characteristic feature of chronic AD.30 Our results

showed that type 1 collagen deposition was increased in
chronic AD lesions, whereas total and type lll collagen
accumulation was not modulated 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 number of
eosinophils and lL—ll expression. The lack of correlation
between type l collagen and lL-l7 expression was not
surprising because our previous in vitro studies demon—
strated that lL—l7 was not able to stimulate bronchial

fibroblasts to upregulate their production of type I and
type Ill collagens.Z7 On the other hand. type i collagen
deposition and TGF—li 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—Bl might be in fact due to lL—ll because we do
have a significant correlation between type I collagen
and TGF—fil expression. Because type l collagen is the
predominant ECM component in fibrotic diseases,43 our
results can be regarded as reasonable findings. Although
se 'eral studies showed a simultaneous increase in the

deposition of type I and type III collagens in lesions in

J ALLERGY CLIN IMMUNOL
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asthma4s23 and in scleroderma,“ we did not find any
modulation in the extent of total and type III collagen in
any of the skirt biopsy specimens used in this study. NeV»
ertheless, according to our results, we might hypothesize
that the evaluation of type l collagen deposition is the
most sensitive parameter for detection of dermal fibrosis
in AD. in asthma, airway remodeling changes, such as
airway wall thickening, might lead to a persistent reduc—
tion in airway lumen diameter and thus to bronchial
hyperresponsiveness.18,4546 Indeed, several studies
showed a link between asthma severity and subepithelial
t‘ihrosi#33331546 as assessed by the thickness of base»-
ment membrane. Whether the extent of type i collagen
deposition in the dermis might account for the severity of
AD is not known and should be further investigated.

ln summary, the increase in lLrl7 and lLrll expres
sion was polarized toward acute and chronic AD lesions,
respectively, whereas TGF—[il 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
TGFrlilm and IL] lrrexpressing cells and with type l col
lagen accumulation is also a new and interesting finding.
On the basis of these results, we can speculate that in
addition to TGlQ-lll. ll.»l7 initiates the development of
tissue fibrosis in skin lesions in AD, whereas lL—ll 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—pl, IL} 1, and lL~l7 in the acute initial
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 accoiripanies chronic AD
skin lesions requires further investigation.
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Transforming growth factor-fl
stimulates Interleukin-11

production by human periodontal

ligament and gingival fibroblasts

Yasiiiro R, Nagasawa T. Kiri M. Homtdee D. Kobayashi H. Kosliy C. Nitta H. Isiiikawa
I. TGF-[S’ stimulates IL-11 production by human periodontal ligament and gingival
fibroblasts. J Clin Periodontal 2006; 33: £65717]. dais IOJIH/fiJoOO-O5I 12006.
00898.33

Abstract

Background: 'l‘ranst‘orming growth factor ('l‘('lrF)—,I’3 is a potent multifunctional
polypeptide, abundant in the bone matrix. Interleukin (ID-ll is a pleiotropic cytokine
with effects on multiple cell types. The present study was perl'ormed to evaluate the
regulatory effects of TSP—[i on lL-l l production by human periodontal ligament cells
(PDL) and human gingival fibroblasts (llGF).
Material and Methods: The expression of TGF—fi receptor in PDL and HGF were
observed using flow cytometry. PDL and l’lGll were stimulated with 'l‘Gli—{l with or
without protein kinase C (PKC) inhibitors and activator. IL—l l, bone morphogenetic
protein-2 (EMF-2) and TGF-[l mRNA expression was quantified by real—time
polymerase chain reaction (PCR). lL-ll production was measured using enzyme-
lltil<CCl immunosorbcnt assay.
Results: PDL and HGF expressed both TGF—{f receptorl and TGF—{f receptor H on the
cell surfaces. ll..-l l mRNA expression and ll..—l l production were augmented by 'I‘GF—
fl in both PDL and HGF, with higher values in PDL. PKC inhibitors partially suppressed
'l‘('ll:7-/l—induced ll-—ll production in PDL and HGF, whereas activator enhanced it.
TSP-{3 mRNA and EMF-2 mRNA expression were up-regulated by TGF—ti' in PDL.
Conclusion: These results suggest that PDL produce lL—ll in response to TGF-t’)’.

lnterleukiti‘ll (TL—ll.) is a pleiotropic
member of the lLérrtype cytoltine family
that mediates its 1oiological activities via
binding to a multimeric receptor complex
that contains gpl 3t) molecules (Kishirnty
to et at. l995). Cellular" and molecular
components involved in the destruction
of periodontal tissues are predominantly
host derived. The balance of T—helper
(Th)l cytokines and Th2 c3dokines is
important in disease progression. lLro is
a T112 cytokine elevated in the perioe
dontitis " no. but the roles of ILrll in

periodotitis is still poorly understood
(Berglundh & Donati 2005). IL—ll has
many biological activities and has roles
in haematopoicsis. immune responses.
the nervous system and bone metabolism

 

(Paul et al. 1990, Du & \Nilliams l997).
lLrll induces bone resorption by enhanrr
cing osteoclast formation in vitro (Gin
asole et al. l994). in contrast, lL—ll also
stimulates osteoblasts in vitro and bone

formation in Vivo. Overexpression of
human IL—ll gene in transgenic mice
results in the stimulation of bone torma

tion (Takeuchi et al. 2002). lL—ll acts

synergistically with hone morphogenetic
protein}. (Eh/1P2) to accelerate bone
formation (Suga et al. 2001, 2003, Suga
et al. 2004). lLll produced in human
gingival fibroblasts (HGF) stimulated
with butyric acid is involved in the
attenuation of T‘cell apoptosis by HGF
(KuritaOchiai ct al. 2002). lL—la and
tumour necrosis fac tor (TN-Fla stimulate
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HGF to produce lL— ll and the produc—
tion is mainly mediated by internal
prostaglandin E3 (PGEZ) synthesis ,(He
et al. 2004). lL—ll is a candidate mole—
cule for therapeutic modulation of the
host response in the management of
periodontal diseases (Trepicchio et al.
“996, Martuscelli et al. 2000, Kinane &

Attstrom 2005, Salvi & Lang 2905). [L—
ll production by periodontal ligament
cells {PDL} and HGF might be import
tant for the homeostasis of alveolar

bone, but so far the molecular mechanrr

isms of lL—ll production by these cells
have not been elucidated.

Bone homeostasis is regulated by
ostcoclastic bone resorption and ostco‘
hlastic bone formation. Osteoclasts and
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osteoblasts are tightly regulated by each
other (Rodan & Martin l98l, Suda ct al.
l992). Ostcoblasts are tibroblastic cells
of mesenchymal origin, and osteoclasts
differentiate from the monocyte/macrol
phage lineage cells (Katagiri & Taltaha—
shi 2002). Recently, receptor activator
of nuclear factor K B ligand (RANKL)
was identified as an important factor
involved in osteoclast development by
osteoblasts (Lacey et al. l998, Yasuda et
al. l998b). Expression of RANKL
enhances osteoclast differentiation from

osteoclast precursors, and its decoy
receptor osteoprotegerin (OPG) sup:
presses osteoclast differentiation through
the inhibition of cognate interaction
between osteoblasts and osteoclast pre—
cursors (Simonet et al. l997, Yasuda

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

gingival fibroblasts (HGF) are two major
fibroblasts of inesenchymal 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. 260]). On the contrary, HGF
produce large amounts of OPG, but
rarely express RANK}. (Nagasawa
et al. 2002). Although the regulation of
osteoclast differentiation by osteoblastic
cells has been extensively studied, little
is known about the regulation of osteol
blast function by osteoclasts or macro—
phage lineage cells.

Transforming growth factor ,6’ (TSP—[3)
is produced by various cells including
macrophages, as well as non‘immune
cells like gingival fibroblasts, in the perio—
dontal tissue (Wahl et al. l993, Cotrim et
al. 2002,). TGFAfi is abundant in the bone
matrix, and is released from the matrix

during bone resorption (Seyedin et al.
1986). Macrophage cell lines secrete
TGFE and enhance alkaline phosphatase
activity in osteoblastic cells (Champagne
et al. 2002). TGF—B might be a candidate
molecule for monocyte/macropliage line:
age cells to regulate osteohlast functions
(Champagne et al. 2002).

The aim of the present study was to
investigate the regulatory effects of
TSP—[i on lL—ll production by both
PDL and HGF.

Material and Methods

Reagents

Recombinant human TGF—fll was purl
chased from Techne (Minneapolis, MN,

USA). Stock solution of TGF—fil (2 ng/
ml) was reconstituted in 4le HCl
containing ling/ml bovine serum albu—
min according to the manufacturer’s
instructions and stored at —2ll“"(’f until

use. Flourosene isothiocyanate (FlTC)~
conjugated rabbit polyclonal antibody
against human TGF—fi receptor 1, recep—
tor ll and FITC—conjugated normal rabA
bit lmmunoglobulin G (lgG) were
purchased from Santa Cruz Biotechnol~
ogy lnc. (Santa Cruz. California, USA).
Staurosporine streptomyces (ST) was
purchased from Sigma Chemicals (St
Louis, MO, USA}. Myristoylated pro—
tein kinase C (PKC) (Myr) peptide
inhibitor and phorbol lE—myristate l3—
acetate (PMA) were purchased from
Promega (Madison, ‘Wl, USA). Stock
solutions of ST (400 lel), Myr (4 lel)
and PMA (30nM) were prepared in
dimethyl sulphoxide and stored at

200C until use.

Cell culture

HGF were isolated from six systemi—
cally healthy patients (three females and
three males, aged Zl —29 years old, mean
30.5 I‘ 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, l7—29 years
old, mean 2l.8 :: 4.7). These clinically
healthy pre—molar teeth were extracted
for orthodontic reasons. The midrroot

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.
lnformed consent was obtained from all

l2 subjects, after verbal and written
explanation regarding the nature of the
study. All cell lines were prepared as
described previously (Hayashi et al.
l994). Fibroblastic cells were allowed
to grow out from the explant at 3'7"C
in a humidified atmosphere with 5%
C02 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.

 

Cell stimulation

PDL and HGF were seeded in 24—well
culture plates at l >< 103 cells per well,
and were grown to continence. Once
confluent. the fibroblasts were cultured

with or without Eng/ml TGF—[Sl or an
equal volume of vehicle. RNA was
extracted from the cultured cells.

in addition, PDL and HGF were
seeded in 96well flatibottomed culture

plates at l X lGj cells per well, and were
grown to confluence. Once confluent,
the fibroblasts were stimulated with

TGF—fi l with or without PKC inhibitors,
400anl ST and ditM Myr or an equal
volume of vehicle. ln some experiments,
PDL and HGF were stimulated with

l‘KC activator, 3(lnM PMA. After 24 h,

the supernatants were collected.

Enzyme-linked lmmunosorbent assay
(ELISA)

lL~ll in the culttued supernatants was
measured using commercially available
ELISA kits (lL—l l, R&D Systems lnc.,
Minneapolis, MN, USA), according to
the manufacturer’s instructions.

RNA extraction and real-time reverse

transcriptase polymerase chain reaction
{RT-PCR)

Cultured HGF 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 diethylpyrocarhonate~trea~
ted distilled water. Samples containing
511g of RNA were used for RT—PCR.
Firstrstrand cDNA was synthesized
using a kit (Super—Script ll First—Strand
cDNA Synthesis Kit. lnvitrogen, Grand
island, NY, USA). Real—time PCR ana—
lyses were performed in a fluorescent
temperature cycler (LightCycler, Roche
Molecular Biochemicals, Mannheim,

Germany). For lL—ll and EMF—2,
Lighti’iyclenl‘rimer Sets (Roche Mole—
cular Biochemicals) were used accord—

ing to the manufacturer’s instructions.
For TGFrfi the primers were designed
on the basis of previously described
sequences (Champagne et al. 2002,).
The following primers were used:

TGF—fil primer R, 5’—GCCCTGGA—
CACCAACTATTGCT;

TGFfil primer F. S—AGGCTC‘
CAAATGTAGGGGCAGG.
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One~tenth (2 ill) of each RT reaction
served as template in a 20 Ml PCR reac~
tion mixture containing 1.5 mM MgC12,
0.5 ;.tl\/l of each primer and ill Light—
Cyeler DNA Master SYBR Green l mix
(Roche Molecular Biochemicals). After
initial denaturation at 94“C for 30 s,

reactions were cycled 3.5 times using
the following parameters for detection:
950C for I s, primer annealing at 61"‘C
for 7 s and primer extension at 720C for
11 s. 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
each run, melting curve profiles were
analysed (cooling the sample to 680C
and heating slowly to 950C with con—
tinuous measurement of fluorescence) to

confirm amplification of specific (EDNA.

Detection of TGF-fi receptor in PDL and
HGF

in our preliminary study, we could not
detect cell surface receptors on cells
detached by using trypsin—ED'I‘A. Con:
fiuent cultures of PDL and HGF were

mechanically detached by using cell sera~
pers so as to avoid 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 serum (FBS)
(PBS/FEES) and centrifuged at 400 X g
for illniin. after each step. The cells were
incubated for 30 min. with an FlTC—con‘

jugated rabbit polyclonal antibody against
human TGF—fi receptor 1 and receptor ll
(Santa Cruz Biotechnology inc.) E‘lTC—
conjugated normal rabbit lgG (Santa
Cruz Biotechnology lnc.) was used as a
negative control. The expression of TGF—
,8 receptors was observed using flow
cytometry (Nagasawa et al. 2002).

Statistical analysis

Data were subjected to one—way analysis
of variance (ANQVA) using StatView.
Fisher’s protected least significance
test was used for the post hoc compan
ison of specific groups.

Results

Expression of TGF-fi receptors on PDL
and HGF

4.l i 1.1% of PDL expressed TGF—[i
receptor l and 5.3:0.2% of PDL

TGF-{l-stinmlated PDL produces IL-] I

expressed TGF—[j’ receptor ll on the
cell surfaces. 5.6:0.2% of HGF

expressed ’l‘GF—fi receptor l and
 4.8 :: 2.3% of HGF expressed TGF—[J’

receptor ii on the cell surfaces.

Time course of iL-‘l‘l mFiNA and EMF-2

mFiNA expression in PDL stimulated with
TGF-fi

hi the preliminary experiments, different
concentrations of TGF—B were used to
stimulate PDL and HGF (0.02, (3.2, 2 and

lllng/ml TGF—fi}, and optimal response
was observed at 2 2 ng/ml of TGF—fi
(data not shown). An increase of lL—ll
mRNA in PDL was apparent in 6h, with
the addition of 2 ng/ml TGIF-fl. The level
of lLill mRNA peaked between 6 and
l2 h and then returned to a baseline level

by 24 h (Fig. 1). Similarly, an increase of
EMF—2 mRNA was apparent in 6h with
the addition of TGF—{i and the level of
EMF-2 mRNA peaked between 6 and
l 2 h and then returned to a baseline level

by 24h (Fig. 1).

Effect of TGF—fi on IL-ii mRNA expression
in PDL and HGF

Realitime PCR analysis showed that IL~
ll mRNA expression was significantly
up—regulated by TGF—fi in both PDL and
HGF (6h after stimulation). The lL—ll
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-{l on iL—it production in PDL
and HGF

PDL produced significantly higher
amounts of H..~1l than HGF in either
stimulated or non—stimulated conditions

(Fig. 2b).

Effect at TGF-fit on TGFqBi mRNA
expression in PDL and HGF

TGFA/l mRNA expression was signifi‘
eantly up~regulated by Ttll'l—fi in PDL
(Fig. 3).

The tip—regulation of TGF—[f niRNA
was not statistically significant in HGF
(Fig. 3).

Effect of PKC inhibitors on lL-‘l‘l

production in PDL and HGF stimulated
with TGIF-fit

Staurosporine streptomyces (ST) and
myristoylated (Myr) PKC significantly
suppressed lL—ll production in PDL
stimulated with TGF—[J’l (Fig. 4a). The
effect of the inhibitors was 31.9% and

37.4%, respectively. Staurosporine
streptomyces (ST) and (Myr) l‘KC sig—
nificantly suppressed lL—ll production
by llGF stimulated with TGF—[i (Fig.
4a). The effect of the inhibitors was
(35.4% and 53.4%, respectively.

Effect of PKC activator on lL~11

production in PDL and HGF

PMA significantly enhanced lL—ll pro
duction in PDL. but the amount of lL~l l
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Fig. 1. Time course. of interleukin (lL)—ll mRNA and bone morphogenelic protein-2 (BMP~
2) mRNA expression in periodontal ligament cell (PDL) stimulated with transforming growth
factor (TGFlifi PDL was cultured in the presence of 2 ng/ml TGFrfi. RNA harvested at 0, l, 6,
12, 24 h, and reverse transeriptase polymerase chain reaction [R'I'—PCR) was performed by
real—time PCR to evaluate lL-ll and EMF-2 rnRNA expression. An increase of lL‘ll mRNA
and Bh’lP—Z mRNA was apparent in 6b after the addition of TGF—fi. Open and closed circles
indicate the increase of IL—11 niKNA ( a ) and ENE—2 filRNA ( o l, respectively. Data are
representative of three separate experiments.
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Fig.2. (A) Effect of transforming growth factor (TGFH? on Interleukin (lLlell rnRNA
expression in PDL and human gingival fibroblasts (HGE), The cells were stimulated with
an/ml TGF—b’ for 6h. After incubation, RNA was extracted and reverse transcriptase
polymerase chain reaction (RT—PCR) was performed lLvll mRNA expression was evaluated
by real~time PCR, as described in Material and Methods, Values shown are mean i SD Data
are representative of three separate experiments. *Signiiicantly different from control
(p<0.05l. (B‘) Effect of TGFAI)’ on llrll production in PDL and HGF The cells were
stimulated with an/ml TGF—E for 24h. After incubation. lL—ll levels in the culture media
were determined by en7yme-linked immunosorhent assay, as described in hilaterials and
h/lethods Values shown are mean :lr SD. Data are representative of three separate experi—
ments, *Significantly different from control (p<0.05‘),

was less than that after TGF—fi stimula—
tion (Fig. 4h). The percent of the TGF—[i
response obtained with PMA alone was
45.3%. PMA—enhanced lL—ll produc~
tion in HGF. The amount of lL—l l was

also less than that after TGF—fi stimula—
tion (Fig. 4b). The percent of the TUE—[i
response obtained with PMA alone was
29.1%.

Discussion

in this study, TGFAfi augmented lL—ll
mRNA expression, resulting in the

enhancement of lL—ll production. IL—
ll mRNA was constitutively expressed
in PDL and HGF, and it was signifi4
cantly higher in PDL.

TGlLfi is an important local regulator
of metabolism (Centrella et al. 1994),

and is produced by various kinds of cells
including macrophages, as well as
mesencliymal fibroblastic cells. Two
classes of receptors (type I and type ll)
have been identified as signal—transdu—
cing receptors for TGF—[f (Yamashita et
al. 1996). We confirmed that TGF—fi Rl
and RH vcrc expressed on both PDL
and l-lGF. Expression of TGF—fi’ recep

tors on HGF and PDL suggests that PDL
and HGF might be regulated by TGF—fi
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—[fi Rl and TGF—fi Rll,
although in only a portion of the total
cells (Parkar et al. 200i). In our results.
percentage of the positive cells was
lower than their report. it might be
because of the different antibodies

used. Cells expressing a low amount of
TGFAI)’ receptors might he counted as
negative cells in our study.

Although a large amount of TGF—fi is
released from the bone matrix or pro—
duced by various cells including macro—
phages in the periodontal tissue, it is
difficult to determine the physiological
TGFv/3 concentration in periodontal tis~
sue. it has been reported in vivo that
0.05 pg of TGF—[iJ plus bone marrow cells
induced hone formation in rabbit skull

defect (Tabata et al. 2000). Our dose of
TGF}? (2 ngl'rnl) is lower than their
study, and the concentration might be
closer to the physiological concentration.

lL- ll mRNA expression was signifi‘
cantly higher in PDL than in HGF in
both TGFefiestimulated and nonestimue
lated conditions (Fig. 2a). The produc—
tion of lljll was also significantly
higher in PDL than in HGF in both
TGF—fi—stimulated and non-stimulated
conditions (Fig. 2b), suggesting that
the production of lL—ll 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 higher alkaline phosphatase
levels in PDL than in HGF. 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 8; Stanek 1983, DongarirBagt—
zoglou et al. l997)i

Earlier reports indicate that lL—ll ang—
ments osteoclastogenesis in vitro (Hill et
al. 1998, Yasuda et al. 1998b). it has been
repoted that lLl a and TNFroc stimulate
HGF to producelL—ll (He et al. 2004).
lL—ll produced by lL—l—stimulated HGF
might augment osteoclastogenesis. How—
ever, gingival concentrations of lL—ll
were highest within gingiva adjacent to
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TGF-fi-stinmlated PDL produces IL-] I
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Fig. 3. Effect of transforming growth factor ('l'GFl—li on the expression of TGIHJ’ mRNA in
PDl. and human gingival fibroblasts (llGl‘i). The cells were stimulated with Eng/nil TGT-[i
for 6h. After incubation, RNA was extracted and reverse transeriptase polymerase chain
reaction (RTPCR) was performed. T6313 mRNA expression was evaluated by realitime
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
inyristoylated PKC (Myr) on transforming growth factor (TGFlfi-stimulated Interleukin
(lL‘rll production in periodontal ligament cells (PDL) and human gingival fibroblasts
(HGF). PDL and HGF were cultured with or without Eng/ml TOP—[i l and l—‘KC inhibitors
(All’llrlnM ST and 4;:‘Nl ler) were simultaneously added. After 24h, supernatants were
collected and enzyme-linked immunosorbent assay was performed Values shown are
mean it SD. Data are representative of three separate experiments *Significantly different
from control (p<0.05). (b) Effect of PKC activator phorbol llrnyristate 137acetate (PMA)
on 'l‘GlJ—fi—stiinulated lL-ll production in l’DL and HGF. l’DL and HGF were cultured with
or Without an/ml TGF—fi or PKC activator (30 nM PMA). After 24 h. supernatants were
collected and enzyme—linked iinrnitnosorbenl assay was performed. Values shown are
mean i SD. Data are representative of three separate experiments. >FSignifieantly different
from control (p < 0.05).
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3 min diseased pockets and gingival con—
centrations of lL—ll were significantly
lower in gingiva adjacent to 6mm pock—
ets (Johnson et al. 2004). They suggest
that the elevated concentration of lL—ll

is a consequence of changes in the gingi-
val niicroenvironmcnt during early stages
of gingival inflammation. The lower lL—
l1 concentration Within gingiva adjacent
to 6mm pockets could minimim the
potential protective effect of lL—ll. lL—
ll has been reported to down—regulate
synthesis of TNF—ot and lL—l [i in vitro,
which are potent proinflammatory cyto—
kines (Trepicchio et al. l996). in a
ligaturcvinduecd beagle dog model. sub—
cutaneous injection of lL—ll slowed
down the progression of attachment and
radiographic alveolar bone loss (Martus—
celli et all 2000), suggesting that lily—l l
might ameliorate inflammatory response
in the gingival tissue.

Several investigators reported the
involvement of lL—ll in osteoblast differ—
entiation and bone formation in vivo and

in vitro. Transgenic mice expressing the
lLrll gene exhibited enhanced ratios of
bone volume/tissue volume and increased

bone formation rates, indicating that lL—
ll positively affects bone formation
(Takeuchi et al. 2002.). lL—ll has been
observed to induce osteoblastic differen

tiation of CEHIOTl/E mouse niesenchy—
nial progenitor cells, to act synergistically
with EMF—2, and to he an early acting
mediator of bone formation (Suga et al.
2001). These cytolsines acted synergisti~
cally on bone formation in vivo, in a 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 oh with the
addition of TGFVB in PDL, and this was
similar to the increase of lL—ll niRNA

stimulated with TGFrfi l (Fig. l). PDL
might augment bone formation through
the combined production of lLll and
BMPQ. lL—ll and BMPQ might act
synergistically on osteobiasts. Further—
more, TGF-[f mRNA expression was
up—regulated in PDL stimulated with
TGF—B (Fig. 3). This suggests that auto~
crine TGF—fi production may further
augment lL—ll induction.

PRC—dependent activities have been
found to participate in TGFrfil induced
gene expression (Halstcad et al. l995,
Mucsi et al. l996). For example, TGFfi
activates PKC to induce collagen l
expression in mesangial cells (Runyan
et al. 2003). hi PDL stimulated with
TGF—[i both PKC inhibitors ST and
Myr suppressed lLrll 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‘ll production, suggesting
that PKC activation directly augmented
lL—ll production (Fig. 4b) in PDL.
However, other pathways might regn~
late IL—ll production, as the inhibitors
did not completely inhibit ll..-l.1 produc—
tion, nor did the PDL stimulated with

PKC activators secrete comparable
amounts of lL—ll to TGF—l? stimulation.

in conclusion, PDL produced higher
levels of lLA ll than HG}: in response to
TGFAll. Simultaneous production of lLA
l1 and BMPQ by PDL might be a
pathvay for bone formation by perio~
dontal ligament fibroblasts stimulated
with TGF—fi.
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Abstract

Background

The protective role of lL-1 1, an lL-ES family cytokine, has been implicated in ischemia/reper-

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

This study was designed to evaluate the effects of lL-11 and its mechanism of action on
liver lPll in a mouse model.

Methods

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

to the left/middle liver lobes. lL-11 mRNA expression of ischemic liver after reperfusion was

analyzed. Signal transducer and activator of transcription 3 (STAT3) was analyzed following

lL-11 treatment in vivo and in vitro. Next, lL-11 was injected intraperitoneally (ip) 1 hourbe-

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

and histopathology. Apoptosis and inflammation were also determined in the ischemic liver.

To analyze the role of STAT3 in lL-11 treatment, STAT3 siRNA or non-specific (NS) siRNA
was used in vitro and in vivo.

Resufls

lL-11 mRNA expression was significantly increased after reperfusion in the ischemic liver.

STAT3, as a target of lL-11, was activated in hepatocytes after lL-1 1 treatment in vivo and

in vitro. Next, effects of lL-11/STAT3 signaling pathway were assessed in liver lRl, which

showed lL-11 treatment significantly attenuated liver IRI, as evidenced by reduced hepato-

cellularfunction and hepatocellular necrosis/apoptosis. In addition, lL-11 treatment signifi-

cantly inhibited the gene expressions of pro-inflammatory cytokines (TNF-a and lL-10) and

chemokines (lP-1O and MOP-1). To determine the role of STAT3 in the hepatoprotective

1/15
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effects of |L-11, STAT3 siFlNA or NS siRNA was used prior to lL-11 treatment. The results

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

Conclusions

This work provides first-time evidence for the protective effect of lL-11 treatment on hepato-

cyte in liver IRI, through the activation of the STATS pathway.

Introduction

Ischemia-reperfusion injury (IRI) is a key contributing factor in liver dysfunction and failure

after hepatic trauma, resection, liver transplantation, and circulatory shock [ —Egg]. An effective

method for preventing or minimizing liver IRI is urgently needed in liver surgery. The factors/

pathways have been involved in the hepatic IRI process include anaerobic metabolism, mitoe

chondria damage, oxidative stress, endoplasmic reticulum stress, intracellular calcium over,

load, Kupffer cell (KC) activation, neutrophil inflltrations, and production of cytokines and

chemokines [E—3]. The adverse factors mentioned above finally lead to cell death/apoptosis,

which indicates that cell death/apoptosis is a significant and perhaps principal contributor to

liver IRI [jg—E]. 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 multifunctional effects. Indeed, IL—ll has

thrombopoietic activity, and recombinant human IL- 11 has been used for thrombocytopenia

in clinical settings [\] Different from other IL-6 family cytokines, IL- 11 holds anti-inflamma-

tory function against chronic inflammatory diseases, lipopolysaccharide-induced sepsis, etc

[—‘] Kimura’s group reported that IL-1 1 played a cardioprotective role, and conferred resis-

tance to heart IRI in a mouse model by enabling significant anti-necrotic/apoptotic effects [E3].

In addition, IL-ll pretreatment also reduces IR—induced cell death/apoptosis by up-regulating

Bclez [E3]. More importantly, [Le 11 shares some similar effects to other ILe6 family members.

It has been reported that ILgll binding with gplSO receptor induces activation of STATS,

which is involved in many physiological and pathological processes [] Inhibitors of STATS

phosphorylation or dominant-negative STATS mutants facilitate the expression of pro-apopto-

sis factors, suggesting that STATS plays a critical role in regulating cell proliferation and anti-

apoptosis [EE]. Furthermore, STATS knockout mice exhibit complete embryonic lethality []

Conditional ablation of STATS in myocardial cells leads to higher susceptibility to drug-in-

duced heart failure [El]. 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-

11 attenuates liver IRI by STATS-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 approved by the Institutional Animal Care 81 Use Committee (IACUC) of Nan-

jing Medical University (Protocol Number NMU08-092).

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

The present study used a well- established mouse model ofpartial (70%) warm hepatic IRI [ES].

Anesthesia was induced by 10% chloral hydrate (0.3g/kg, intraperitoneally). Mice were injected

with heparin (IUOU/kg), and an atraumatic clip was used to interrupt the artery/portal vein

blood supply to the left/middle liver lobes. After 90 minutes of ischemia, the clip was removed,

and the mice were sacrificed (cervical dislocation) at required times after reperfusion. Some

mice received a single injection of recombinant human IL-IL-ll (SOOHg/kg, ip) (PeproTech,

Rocky Hill, NI) or medium (PBS) 1 hour prior 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 ILrll treatment, STATS siRNA or NS siRNA (2mg/kg) was given in,

travenously 4 hours prior to ischemia [Egg]. Reports have previously documented the efficacy of

this siRNA approach in the liver, with>40% of intravenously infused siRNA accumulating in
the ischemic mouse livers [EXP]-

Serum biochemical examination

Blood samples collected 6h after reperfusion was centrifuged to obtain serum. The serum level

of alanine aminotransferase (sALT) or supernatant level of lactate dehydrogenase (LDH) was

measured to assess the extent of hepatocyte damage using an automated chemical analyzer

(Olympus Automated Chemistry Analyzer AU5400, Tokyo, Japan).

Histopathologic study

Liver specimens were fixed with 10% neutral formaldehyde and then embedded in paraffin.

The specimens were sectioned at 4pm 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 [2E].

Caspase-3 activity assay

Caspase-3 activity was assayed in liver 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) according to the
manufacturer’s instructions.

Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)

staining

Paraffin sections (4pm in thickness) were deparaffinized in toluene and then dehydrated in a

graded series of ethanol solutions. Sections were stained by TUNEL using a commercially avail-

able kit (in situ cell death detection kit, Roche-Boehringer Mannheim, Germany).

Western blot analysis

Proteins were extracted from liver tissues subjected to ischemia or from cell lysates, and their

concentrations were determined by the Bradford assay (Bio- Rad, CA). About 30 pg protein

was resolved by sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred to

nitrocellulose membranes (Sunshine Biotechnology, China). These membranes 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/journal.pone.0126296 May 6, 2015 3/15
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STAT3 (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). The final results were obtained by expo-

sure to autoradiographic film (Kodak XAR film), 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

(M) Research, Waltham, MA). In a final reaction volume of 25ul, the following were added:

leuperMix (Platinum SYBR Green qPCR Kit; 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 expression ofthe target genes (IL11, TNF-ot, IL—6, IP-

10 and MCP-l) (Invitrogen, Shanghai, China) was calculated based on the ratio of the gene of

interest to the housekeeping gene HPRT. Primer sets (sense sequence and antisense sequence,

respectively) for the following genes were: HPRT forward, 5’- TCA ACG GGG GAC ATA
AAA GT73’, reverse, 5’7 TGC ATT GTT TTA CCA GTG TCA A’; IL, 11 forward: 5’7 CTG

CCC ACC TTG GCC ATG AG73'; IL, 11 reverse: 5’7 CCA GGC GAG ACA TCA AGA AAG

A73’; TNFeor forward, 5’7 GCC TCT TCT CAT TCC TGC TTG T731 reverse, 5’7 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-S’; IP-10 forward. 5’-GCT GCC GTC

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

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

Cell culture and treatment

Mouse hepatocytes were isolated using a two-step in situ collagenase perfusion procedure [71:33:].

Livers from the C57BL/6 mice were perfused in situ through the portal vein with ethylene

glycol tetraacetic acid (EGTA) buffer (0.5mM EGTA, 137mM NaCl, 4.7mM KCl, 1.2mM

KHZPO4, 0.65mM MgSO4, and 10.07mM HEPES at pH 7.4) at a flow rate of 5ml/min for

10 min, followed by collagenase buffer (67mM NaCl, 6.7mM KCl, 4.76mM CaClZ, 0.035% col-

lagenase type II, and 10.07mM HEPES at pH 7.6) at a flow rate of 5ml/min for 15 min. After

centrifugation, the hepatocytes were collected and seeded in DMEM containing 10% FBS,

100units/ml penicillin, and 100ug/ml streptomycin. Cells were preincubated with 11- 11

(lug/ml for 1h), then H202 (200nm for 24h) to induce cell death.

Knockdown of STATS expression using STATS siRNA transfection

Hepatocytes were grown and transiently transfected with STAT3 siRNA or NS siRNA using

Transfection Reagent LipofectamineTM RNAiMAX (Invitrogen, CA, USA) according to the

manufacturer’s instructions. In brief, cells were seeded at 1 X 106 per well in 1.5m] 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. About 611 after transfection, the medium was changed

to a regular medium, and the cells were treated as described above after 2411.

Statistical analysis

The data are presented as the mean i SEM from at least three independent experiments. One-

way analysis of variance test [—] was used in comparisons of three groups. Student’s t-test [H]

was used for comparison of two groups. All P values were two—sided, and P<0.05 was consid-

ered to be statistically significant.

PLOS ONE | DOI:10.1371/journal.pone.0126296 May 6, 2015 4/15

Ex. 2001 - Page1582



Ex. 2001 - Page1583

.@L g , ONE |L-11 in Liver lschemia/Fleperfusion Injury

lL-‘l’lfHPRT 
Sham Ch 111 3h 6h
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Fig 1. lL-11 expression was increased after IR. Mice were subjected to 90min of partial liver ischemia,
followed by 0h, 1h, 3h and 6h reperfusion. Kinetics of |L-11 gene expression was analyzed in ischemic liver
by FlT—PCR. Expression of |L—11 was normalized with that of HPRT. Data are expressed as meaniSD (n = 6/

 
Resufls

|L-11 is elevated in IR-stressed liver

To determine the effects of IL- 11 on liver IRI, we first analyzed the gene expression of IL-11 in

ischemic livers after various reperfusion time points. As shown in the expression of lL—l 1

was increased at Oh post reperfusion and reached its peak Sh post reperfusion. The data indi-

cate that ILrll was present in the liver Sh after reperfusion.

 

|L-11 activates STAT3 in liver and hepatocytes

lL—l 1, an Ill-6 family cytokine, was supposed to activate STATS. Here we determined whether

administration of IL- 11 stimulates STATS in liver by western blotting with antibody (, v ).

Phosphorylation of STATS was rapidly induced and recovered nearly to baseline after 2 hours.

To further ascertain that phosphorylation of STATS occurred in hepatocytes, we analyzed the

effects of IL— 11 on STATS activity of hepatocytes in vitro. , hows phosphorylation of

STATS was also significantly elevated after IL-11 treatment, indicating that IL- 11 administra-

   

 

tion may activate STATS within parenchymal cells in the liver.

|L-11 attenuates liver IRI

Next, we analyzed effects of IL—11 administration in liver IRI. Mouse livers were subjected to

90 min of warm ischemia 6h after reperfusion. sALT levels in each group were analyzed (.13

~\) SALT levels were markedly increased in the IR group compared with that of the sham

group (SS.SS:5.49 and 10610.00:IS9S.OO, respectively; P<0.01). By contrast, when mice were

pretreated with lL-l 1, sALT levels (3832.00i834.90, P<0.01) were significantly decreased com-

pared with those in the IR control. Liver serum enzyme data were in line with liver pathological

analysis (1 . The histological parameters in the sham (O.25i0.25), IR (S.20i0.37),

and IL- 11 administration (US$0.37) groups were observed according to Suzuki et al

These data indicate that 11,-] 1 treatment significantly attenuates lR-induced liver injury.
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Fig 2. lL-11 activated STATS in hepatocytes in vivo and in vitro. (A) |L—11 was administered in mice for the indicated time. The lysates from liver were
immunoblotted with anti-p—STAT3 and anti-STATS antibody. Representative data are shown (lower). Quantative analyses of p-STAT3 are shown (upper).
Data are exprresed as meaniSD (n = 6/group). **P<0.001. (B) Hepatocytes were treated by |L-11 for the indicated time. The lysates from hepatocytes were
immunoblotted with anti—p—STATS and anti—STATS antibody. Representative data are shown (lower). Quantative analyses of p—STATS are shown (upper).
Data are expressed as meaniSD (n = 6/group), **P<0.001.

doi:l0.1371(journalponefl'l262969002

|L-11 exhibits anti-apoptotic functions and reduces apoptosis

Apoptosis/necrosis is a central mechanism of cell death in liver IRI. In this study, hepatocellu-

lar apoptosis was analyzed in ischemic livers by TUNEL staining 6 hours after reperfusion. Our

results showed TUNEL-positive cells were significantly lower in liver sections of the IL- 11

treatment group compared with those in IR control group (7} )777.. TUNEL-positive

cells in the total hepatocytes of the three groups were (O.60:0.2:>)%, (10.20:1.28)%, and

(4.00:0.63)%, respectively, indicating that hepatocellular apoptosis was significantly reduced

by IL711 administration. In addition, antieapoptotic protein Bch and proeapoptotic protein

Bax were analyzed in ischemic liver, which showed that IL-11 treatment effectively upregulated

Bcl-2 and inhibited Bax expression (E

 

vs

7.7.7). Caspase-cascade system, especially the compo-  

nent Caspase-S, plays a critical role during liver IRI. Caspase—3 affects apoptosis by component

cleaved Caspase-B. Next, we assessed the expression of cleaved Caspase-3 by immune analysis,

suggesting that IL— 11 administration effectively inhibited expression of cleaved Caspase-3 dur-

ing liver IRI (7"

 

). Apoptotic active caspase-3 directly caused hepatocellular apoptosis and  

reflected the progress of apoptosis in the ischemic liver. Along with the TUNEL assay and ex-

pression of cleaved Caspases-3, 7 hows that the activity of caspase-3 was significantly re-

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).

|L-11 regulates inflammatory program and MPO activity in IR-stressed
liver

A complex inflammatory program involving cytokines and chemokines is engaged in liver IRI.

Inflammatory cytokines (TNF-or and III—6) and chemokines (IP-lO and MCP-l) displayed

PLOS ONE | DOI:10.1371/journal.pone.0126296 May 6, 2015 6/15
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Fig 3. lL-11 treatment attenuated liver iniun/ induced by IR. Mice were administered with recombinant human |L-lL-11 (500ug/kg, ip) or medium (PBS) 1
hour priorto ischemia, followed by 6h reperlusion. (A) sALT. (B) Histopathalogic analysis of livers harvested 6 hours after reperfusion. Sham group: Normal
hepatic architecture; IR group: severe hepatic Iobule distortion, sinusoidal congestion, apparent edema, vacuolization and massive necrosis; lL-11+IR group:
mild vacuolization, punctate necrosis and edeman. (C) The severity of liver lRl by Suzuki’s histological grading. Data are expressed as meaniSD (n = 6/
group), **P<0.001.

doifl 0.1371 /journa|.pone.01262969003

proinflammatory and proapoptotic roles in ischemic liver postereperfusion. To further assess

the hepatoprotective effects of IL, 11 treatment, mRNA expressions of TNFeor, ILe6, [Pa 10 and

MCPel were determined in ischemic liver after 6h of reperfusion by qRTePCR. , St shows a

significantly lower level of TNF-UL (1.13.i0. 1 3 and 0.31:0.04, respectively; P<0.001), IL—6

(6.73:1.12 and 2.43:0.33, respectively; P<0.001), IP— 10 (9.69: 1.63 and 2.93:0.39, respectively;

P<0.001) and MCP-l (4.08:0.70 and 1.22:0.27, respectively; P<0.001) in the IL-ll adminis-

tration group compared with that 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 TNF-oc was further analyzed by ELISA, which showed IL- 11 treatment significantly

 

decreased TNF-U. secretion after liver IRI (j

expression. The MPO activity, reflecting neutrophil activity and infiltration, was reduced after

reperfusion in lL—l 1 treated liver compared with controls (5.40:0.81U/g and 2.40:0.25U/g, re-

spectively; P<0.001) (l, ‘ 1:).

 . The protein level was consistent with gene
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Fig 4. lL-11 treatment decreased hepatocellular apoptosis induced by IR. (A)Liver apoptosis was examined by TUNEL staining: Sham group, IR group
and lL-11+|R group. (B) Apoptotic cells were quantified in six high-power fields (400x), and expressed as percentages of apoptotic cells among total cells. (C)
Western blot-assisted detection of Bel-2, Bax, Caspase-S and B—actin. (D) Caspase-s activity. Data are expressed as mean:SD (n = 6/group), **P<0.001 .

doi:l0.1371ljourna|.pone.0‘|262969004

Activation of STAT3 is essential for |L-11-mediated protective role

To evaluate the effect of STATS activation in an IL— 1 1-mediated protective role, primary hepa-

tocytes were transiently transfected with STATS siRNA or NS siRNA. Next, STATS gene ex-

pression was assessed after IL-11 treatment by qRT-PCR, which showed STATS gene

expression was significantly repressed compared with the N S siRNA control (l:

data indicated that STATS expression was successfully knocked down in hepatocytes. Then,
these transfected cells were treated with H202 to induce cell death The released LDH level

was checked in the supernatant after H202 treatment for 24h . shows that IL-11 treat-

ment remarkably inhibited LDH release of hepatocytes after H202 treatment (14.00i432 and

14.80:] .99, respectively; P<0.001). However, STATS knockdown almost restored the de-

creased LDH release after IL—ll treatment (14.80:1.99 and 45.80:7.14, respectively; P<0.001).

These data indicated STATS activation is necessary for ILrl lrmediated protective role.

A). These 
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Fig 5. lL-11 treatment inhibited pro-inflammatory responeses induced by IR. (A) Cytokine gene (TN F-a, lL-6, lP-1O and MOP-1 ) expressions were
analyzed in ischemic livers by RT—PCR analysis. Expressions of cytokine gene were normalized with that of HPRT. (B) TNF-o secretion was examined in
serum by ELISA. (C) MPO activity in ischemic liver. Data are expressed as mean:SD (n = 6/group), *P<0.05, **P<0.001.

doi:l0.1371/journa|.pone.01262969005

 

Knockdown of STATS restores liver IRI in |L-11-treated mice

To further assess the effect of STAT3 activation in IL-1 l-rnediated hepoto—protective role dur-

ing liver 1R1, mice were injected intravenously with STATS siRNA or NS siRNA prior to ische-

 mia. As shown in 5,, IL- 11 treatment significantly increased expression of P-STATS,

which was reversed in STATS siRNA group. I 3 shows STAT3 siRNA treatment effectively
neutralized the reduced sALT levels after IL-1 ltreatment (P<0.001) (3795i879U/L versus

11460il94lU/L, respectively). These data correlated with Suzuki’s histological grading of liver

jk). Indeed, IL-ll resulted in minimal liver sinusoidal congestion, vacuoliza-

 

 

 
c); score = 1.80:0.37]. In contrast, livers in untreatedr—x tion without edema, or necrosis [ "'L ..

or STATS siRNA-treated mice displayed moderate to severe edema and extensive hepatocellu-

lar necrosis [351w , (b and d),; T: (panels b and d); score = 3.60:0.25 and 3.40:0.40, ref
n7‘.

spectively]. In addition, cleaved Caspasee3 was further analyzed in ischemic liver, which
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Fig 6. STATS knockdown abolished |L-11 protective effects in vitro. (A) STATS gene expression was analyzed in transfeeted hepatocytes by RT—PCR
analysis. Expressions of gene were normalized with that of HPRT. (B) The released LDH level of hepatocytes after H202 treatment. Data are expressed as
meaniSD (n = 4-6/group), **P<0.001, ***P<0.0001.

doi:i 0.1371 /journa|.pone.0‘|262969006

showed IL—11 treatment partially inhibited IR-triggered cleaved Caspase-3 upregulataion “ ‘
TA). These data indicated knockdown of STATS recreates liver IRI in IL- 1 1-treated mice.

 

Discussion

IL-11 has displayed protective roles during ischemia-reperfusion injury (IRI) in the heart, kid-
' 75.1]. In this

study, we have for the first time demonstrated that IL- 11 pretreatment is a promising method

 ney and intestine, but a similar role has not been elucidated in liver IRI [7'

for preventing or minimizing liver IR]. Indeed, IL-ll treatment improved liver function, atten—

uated histology damage, impaired proinflammatory cytokine/chemokine programs, and re-

duced hepatocellular death/apoptosis in IRrstressed livers. However, the IL, 11 mediated

protective role was partially impaired by STATS siRNA in vivo and in vitro. These findings

demonstrate that IL, 11 treatment attenuates liver IRI through activating the STATS

signaling pathway.

IL- 11 is a hematopoietic IL-6 family cytokine first identified from marrow-derived stromal

 cells. It is a key regulator of hernatopoiesis and promotes megakaryocyte maturation [ .

11 as well as its receptors is expressed in many tissues and cell types, including macrophages,

hepatocytes, etc. in liver tissues [23]. Du’s group for the first time reported the protective effects

of IL- 11 in models of cytoablative chemoradiotherapy in 1994. Then, some researchers have

demonstrated that IL- 11 play protective roles in various pathophysiologic states [3E]. Different

from other IL—6 family members, IL- 11 administration reduces inflammatory responses in

chronic inflammatory diseases, lipopolysaccharide-induced sepsis, macrophages inflammation,

PLOS ONE | DOI:10.1371/journal.pone.0126296 May 6, 2015 10 / 15
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Fig 7. STATS knockdown abolished lL-11 protective effects in vivo. Mice were injected with STATS siRNA or NS siRNA 4h priorto ischemia, and
administered with |L-11 1h priorto ischemia, followed by 6h reperfusion. (A) Western blot-assisted detection of P- STATS, Cleaved Caspase-S and B—actin.
(B) sALT. (C) Histopathalogic analysis of livers harvested 6h after repertusion. Sham group: Normal hepatic architecture; NS siRNA+lR group: severe
hepatic Iobule distortion, sinusoidal congestion, apparent edema, vacuolization and massive necrosis; NS siRNA+lL—11+|Ft group: mild vacuolization,
punctate necrosis and edeman; STATS siRNA+|L—11+|R group: severe hepatic Iobule distortion, sinusoidal congestion, apparent edema, vacuolization and
massive necrosis. (D) The severity of liver IRI by Suzuki’s histological grading. Data are expressed as meaniSD (n = 6/group), *P<0.05.

doifl 0.1371 /journa|.pone.01262969007

  
nephrcthic nephritis and T-cell mediated liver injury [3 i]. The present study also demon—

strated that IL, 11 treatment effectively inhibited inflammatory responses of ischemic liver, as

evidenced by reducing proinflammatory cytokines (TNFeOL and IL6) and chemokines (IP7 10

and MCP- 1), and repressing MPO activtity. In addition to its anti-inflammatory properties,

IL-11 treatment has been shown to attenuate necrotic and apoptotic cell death in many organs

including the heart, intestines and endothelial cells [N]. In fact, apoptosis/necrosis is a key
 

mechanism of cell death in liver IRI, which directly indicates the extent of liver damage. In our
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study, hepatocellular death/necrosis as well as apoptosis was also observed in ischemic liver.

Our data showed that IL— 11 attenuated hepatocellular death/necrosis (ALT, Suzuki’s score) as

well as apoptosis (TUNEL staining, 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 mechanisms of IL-11 mediated signaling pathway for an anti-inflammatory

and anti-necrosis/apoptosis might involve the activation of multiple intercellular pathways.

After ILrll binds to the IL, II receptor, the ligandereceptor complex interacts with a common

receptor subunit, glycoprotein 130 (gp130), leading to gp1307associated kinaseimediated tyroi

sine phosphorylation [36;]. 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 [.22 ,J. In renal IRI, IL— 11 performs renal protection by direct

induction of sphingosine kinase-l (SK-I) via nuclear translacation ofHIF-loc. In cardiac myo-

cytes, IL- 11 treatment attenuates injury and fibrosis via Janus Kinase-Signal Transducer and

Activation of Transducer 3 OAK-STATS) pathway activation [;‘;;2;, 1].

have demonstrated rhIL- 11 confers significant protection against CCl4-induced hepatic injury

 
    

3 3

Kawakami T et al 

by virtue of its liver- specific HO-I induction [C] In addition, a previous studydemonstrated

STAT3 activation after Ad-HO-I treatment improved the hepatocellular function in a mouse

model of segmental liver warm IRI [335;]. In the present study, IL-1 1 treatment rapidly activated

STAT3 in hepatocytes in vivo and in vitro, and reduced liver injury after reperfusion. However,

IL, 11 administration shows weak hepatocellularprotective effects in STATSsiRNA transfected

hepatocytes or STATSsiRNA transfected mice. Therefore, hepatocyte is an important target in

the action of IL, 1 1, and IL, 1 1 imediated protection of liver IRI is partially dependent on

STAT3 activation of hepatocytes. W'hether HO—I is involved in this protective procedure will

be further investigated in the future.

Evidence em'sts that the STATS signaling pathway transduces stress-activating extracellular

chemical signals 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
STAT3 is controversial; some studies have associated it with survival [3}; 3;;3], while others

have related it to cell death [‘] Previous studies have confirmed that STAT3 alterations affect

Bcl-2 and Bax protein expression and induce inflammation and apoptosis in many types of 
  

tumor cells [332;]. In mycosis fungoides tumor cells, some apoptosis-related genes, such as

Bcl-2 and Bax, have been identified as STAT3 target genes [~\] In our study, STATS activation

reduced hepatocellular necrosis/apoptosis and liver injury induced by IR after IL, 11 treatment,

but STATS knockdown restored the hepatocellular necrosis/apoptosis and liver injury in IL,

Ilitreated mice. These data indicate that ILill treatment reduces hepatocellular necrosis/apoi

ptosis by STAT3 activation. Lee et al demonstrated that co-activated NF-KB and STAT3 modu-

late Bax/Bcl-xL expression and promote cell survival in head and neck squamous cell

carcinoma [\] In primary cortical neurons and murine models of stroke, the activation of

STAT3 pathway by secretoneurin has been found to exert neuroprotective effects and induce

neuronal plasticity after hypoxia and ischemic insult [33:]. Using a mouse model of myocardial

infarction, Obana M et al demonstrated that IL-11 exerted protective effects against myocardial

ischemic injury through IL-l IR-mediated STAT3 activation, antiapoptotic signaling and

proangiogenic activity [23;]. In addition, STAT3 has been demonstrated to have an anti-inflam-

matory function in many pathophysiological processes [‘] Inflammatory response plays a

pathogenic role in liver I/R injury, especially innate immune responses involved in cytokines

and chemokines, including TNF—oc, IL-6, IP-lO, MCP-I and so on "g . Ke B et al 
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demonstrated that STATS activation repressed TLR4—drived inflammation by activating PISK/

Akt signaling during liver IRI . Consistent with the above data, our results also showed that

IL- 1 1-induced STAT3 signaling inhibited pro-inflammatory cytokines and chemokines.

In conclusion, our findings demonstrate for the first time IL- 1 l-mediated STAT3 attenuates

IR-triggered liver injury. IL- 1 l-medjated 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 management of liver injury triggered by IR.
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Cellular and molecular mechanisms of fibrosis

TA Wymf
lmmunopathogenesis 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 tissues and is attributed
to excess deposition of extracellular matrix components including collagen. Fibrosis is the end result
of chronic inflammatory reactions induced by a variety of stimuli including persistent infections,

autoimmune reactions, allergic responses, chemical insults, radiation, and tissue injury. Although
current treatments for fibrotic diseases such as idiopathic pulmonary fibrosis, 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

those regulating inflammation. In fact, some studies have suggested that ongoing inflammation is
needed to reverse established and progressive fibrosis. The key cellular mediator of fibrosis is the

myofibroblast, which when activated serves as the primary collagen-producing cell. Myofibroblasts
are generated from a variety of sources including resident mesenchymal cells, epithelial and

cndotliclial cells in processes termed epitheliaLl'endothelial—mcsenehymal (EMT/EndMT) transition,
as well as from circulating fibroblast-like cells called libroeytes 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 (ie. TLRs) on fibroblasts. Cytokines (IL- l 3, IL—2 l, TGF-fil),
chemolcines (MCP-l, MlP-lfl), 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 ll) have 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 mechanisms of fibrogenesis.
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Introduction

in contrast to acute inflammatory reactions, which are characterized by rapidly resolving
vascular changes, oedema and neutropliilic inllanmiation, fibrosis typically results from
chronic inflammation — defined as an immune response that persists for several months and

in which inflannnation, 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 a persistent irritant that sustains the production of growth factors, proteolytic
enzymes, angiogenic factors and fibrogenic cytokines, which stimulate the deposition of

connective tissue elements that progressively remodel and destroy normal tissue architecture
[t—st.

Damage to 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 by cells of the same type,
leaving no lasting evidence of damage; and a phase known as fibroplasia or fibrosis. in which

connective tissues replaces normal parenchymal tissue. Although initially beneficial, the repair
process becomes pathogenic when it is not controlled appropriately, resulting in substantial

deposition of ECM components in which normal tissue is replaced with permanent scar tissue
[4]. In some diseases, such as idiopathic pulmonary fibrosis, liver cirrhosis, cardiovascular

fibrosis, systemic sclerosis and nephritis, extensive tissue remodelling and fibrosis can
ultimately lead to organ failure and death (Table l).

Wound healing versus fibrosis

When epithelial 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.

(it—SMA+ fibroblasts) and epithelial and/or endothelial cells produce MMPs, which disrupt the
basement membrane, allowing inflammatory cells to be easily recruited to the site of injury.

Growth factors, cytokincs and chemokincs are also produced. which stimulates the
proliferation and recruitment of leukocytes across the provisional ECM. Some of the early
responders include macrophages and neutrophils, which eliminate tissue debris. dead cells and

any invading organisms. They also produce cytokines and chemokirtes. which are mitogenic
and chemotactic for endothelial cells, which begin to surround the injured site. They also help

form new blood vessels as epithelial/endothelial cells migrate towards the centre of the wound.
During this period, lymphocydes and other cells become activated and begin secreting

profibrotic cytokines and growth factors, such as TGFfl, IL- l 3 and PDGF [678], which further
activate the macrophages and fibroblasts. Activated fibroblasts transform into (it-SMA-

expressing myoftbroblasts as they migrate along the fibrin lattice into the wound Following
activation, the myofibroblasts promote wound contraction, the process in which the edges of

the wound migrate towards the centre. Finally, epithelial andtor 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, which leads to the formation of a permanent fibrotic scar.
Collagen turnover and ECM remodelling is regulated by various MMPs and their inhibitors,

which include the tissue inhibitors of metalloproteinases (TlMPs). Shifts in synthesis versus
catabolism of the ECM regulate the net increase or decrease of collagen within the wound

[9]. Fibrosis occurs when the synthesis of new collagen by myofibrohlasts exceeds the rate at
which it is degraded, such that the total amount of collagen increases over time.

The cellular origins of myofibroblasts

Local tissue myofibroblasts were originally believed to be the primary producers of ECM
components following injury [5]; however, it is now thought that fibroblasts can be derived
from multiple sources {10}. In addition to resident mesenchymal cells, myofibroblasts are

derived from epithelial cells in a process termed epithelial—mesenchymal transition (EMT)
th—lZl. More recently. it was suggested that a similar process occurs with endothelial cells.

J Pathol. Author manuscript; available in PMC 2009 June 9‘.
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termed endothelial—mesenchymal transition (EndMT) [l3]. Bucala and colleagues also
identified a unique circulating fibroblast-like cell derived from bone marrow stem cells [14},

These blood—borne mesenchymal stem cell progenitors have a fibroblast/myofibroblast-like
phenotype (they express CD34. CD45 and type I colla gen) and are now commonly called

fibrocytes [5718]. Finally. in some tissues, resident fibroblasts are not the only source of
myotibroblasts. 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 now thought that fibrocytes and EMT-derived myofibroblasts

participate with resident mescnchymal cells in the rcparative process, there has been growing
interest in dissecting the role of the various niyofibroblast subpopulations in fibroproliferative
disease [20]. Because bone marrow-derived fibrocytes must find their way to sites of tissue

injury to participate in wound healing and fibrosis, 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 [20722]. Because fibrocytes and EMT—
derived myofibroblasts produce a variety of factors that are involved in the fibrotic process

[10}, interrupting their development, recmimient and/or activation could provide a unique
therapeutic approach to treat a variety of fibrotic diseases.

Innate and adaptive immune mechanisms regulate myofibroblast activity

Many fibrotic disorders are thought to have an infectious aetiology, with bacteria, viruses, 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 also contribute to the activation of myofibroblasts [24}. PAMPs

are pathogen byproducts, such as lipoproteins. bacterial DNA and double-stranded RNA.
which are recognized by pattern recognition receptors (PRRs) found on a wide variety of cells,

including fibroblasts [25}. The interaction between PAMPs and PRRs serves as a first line of
defence during infection and activates numerous proinfiammatory cytokine and chemokine

responses. In addition, because fibroblasts express a variety of PRRs, including Toll-like
receptors (TLRs), Toll ligands can directly activate fibroblasts and promote their differentiation

into collagen-producing myofrbroblasts [23,2436]. Thus‘ inhibiting TLR signalling might
represent a novel approach to treat fibrotic disease.

Nevertheless, pathogenic organisms are not responsible for all fibrotic disorders, Therefore,
additional mechanisms must also patticipate in the activation of myofibroblasts. For example,

in the case of systemic sclerosis (:SSc), fibroblasts obtained from lesional skin or fibrotic lungs
have a constitutively activated myolibroblast-like phenotype, characterized by enhanced ECM
synthesis, constitutive secretion ofcytokines and chemokines and increased expression of cell

surface receptors [2 7—29]. Because most of the characteristics of fibroblasts from patients with
SSc are reproduced in normal human fibroblasts following stimulation with TOP/3, it is thought

that the SSc fibroblast phenotype is maintained by an autocrine TGFfi signal. However,
TGFfl/SMADE-independent mechanisms have also been proposed [3031], including a role for

viruses such as CMV, which stimulate the production ofauto—antibodies and connective tissue
growth factor (CTGF). both of which are known to participate in the activation of

myofibroblasts [28,32]. Epi genetic changes may also contribute to the persistent activation of
myofibroblasts [33]. B cells have also been implicated, either by producing autoanti-bodies or

by secreting lL—6. a well-known fibroblast growth factor {34]. Still other studies have argued
that ThZ-type cytokines derived from a variety of cellular sources are critically involved in the
mechanism of 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

Chemokincs are leukocyte chcmoattractants that cooperate with profibrotic eytokincs in the
development offibrosis by recruiting myofibroblasts, macrophages and other key effector cells
to sites of tissue injury. Although a large number of chemoldne signalling pathways are

involved in the mechanism of fibrogenesis, the CC— and CXC-chemokine receptor families
have consistently exhibited important regulatory roles. Specifically, CCL3 (macrophage

inflammatory protein lo.) and CC-ehemokines such as CCLZ (monocyte chemoattractant
protein-l), 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 ofpulmonaiy fibrosis showed that anti-CCL3 antibodies could

significantly reduce the development of fibrosis [39,40]. Similar results were obtained when
CCLZ was neutralized, suggesting that a variety ofCC-chemokines are involved [41,42].

Subsequent studies with CC-chcmokine receptor 1 (CCRl )- and CCR2-deficient mice
produced similar results, confirming critical roles for CCLS/CCLZ-rnediated signalling
pathways in fibrogenesis [43—47]. interestingly, in several of these blocking studies, the

absence of fibrosis was associated with decreased IL-4/lL-l3 expression [44,48], suggesting
a direct link between CC-ehemokine activity and the production of profibrotic eytokines such

as lL—l3. lL-l3 is a potent inducer of several CC—ehemoltines, including CCL3. CCL4
(MlP-lfl), CCLL’O (MlP-3a), CCL‘Z, CCLl l, CCL22 (macrophage-derived chemokine) and

CCL6 (C 10), among others, suggesting that a positive feedback mechanism exists between
lL- l3 and the CC-chemokine family [4950} As seen with anti-CCL3 and anti-CCL-‘Z antibody

treatment, antibodies to CCL6 significantly attenuated lung remodelling responses in lL-l 3-
transgenic mice [50] as well as in mice challenged with bleomyein [49], indicating non-

rcdundant roles for a variety of CC-chemokines in the pathogenesis of fibrosis. In mice, CXC
chemokine receptor 4 (CXCR4), CC chemokine receptor 7 (CCR7) and CCR2 have also been
shown to regulate the recruitment of fibrocytes to the ltuig [20,2 l}. Thus, interrupting specific

chemokine signalling pathways could have a significant impact on the treatment of a variety
of fibroproliferative diseases.

Th1 and Th2 cells differentially regulate organ fibrosis

Chronic inflammatory reactions are typically characterized by a large infiltrate ofmononuclear
cells, including macrophages, lymphocytes. eosinophils and plasma cells. Lymphocydes are

mobilized to sites of injury and become activated following contact with various antigens,
which stimulate the production of lymphokines that further activate macrophages and other

local inflammatory cells, Thus, there is significant activation ofthe adaptive immune response
in many chronic inflammatory diseases. Although inflammation typically precedes the
development of fibrosis, 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 from those controlling inflannnation, Findings from our

own studies of schistosomiasls—induced liver fibrosis support this themy [35]. in this model,
fibrosis develops progressively in response to schistosorne eggs that are deposited in the liver,

which induce a chronic granulomatous response. As in many other experimental models of

fibrosis, CD4+ T cells play a prominent role 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+ Th2 cell response (involving IL-4, lL-S, lL-l3 and lL-Zl)
[5 l—SS].

Several experimental models of fibrosis in addition to our own have also documented potent

antifibrotic activities for the Th l associated cytokines WW and lL-l 2. In schistosomiasis,
while treatment with IFNy or lL-lZ has no effect on the establishment of infection, collagen

deposition associated with chronic granuloma formation is substantially decreased [5 l].
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Similar results have been obtained in models of pulmonary. liver and kidney fibrosis [56—
59}. These findings suggest that it might be possible to develop an antifibrosis vaccine based

on immune deviation [5 l ,60], in which the profibrotic effects of the Th2 response are switched
off in favour of an antifibrotic Thl response. Indeed, similar approaches have been proposed

for individuals suffering from allergic airway inflammation [6i], which is also driven by T112—
type responses. Studies investigating the gene expression patterns of fibrotic tissues found that

markedly different gene expression profiles are induced during Thl and ThZ polarized
responses [62,63}. As might be expected, a large number of IFNy-induced genes are

upregulatcd in the tissues of mice exhibiting Thl-polarized responses, with no evidence of
significant activation of the fibrosis-associated genes in this setting [62—64]. Instead. two major
groups of genes were identified in Thl-polarized mice: those associated with the acute-phase

reaction and apoptosis (cell death), findings which may explain the extensive tissue damage
that is commonly observed when Thl responses continue unchecked [65]. By contrast, several

genes known to be involved in 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 procollagens l, Ill and VI, arginase—l [66}, lysyl oxidase [67.68],
matrix metalloproteinase—Z (MMP-Z) [69,70]. MMP-9 [7l,72[ and tissue inhibitor of matrix

metalloproteinase—l (TlMP-l) [73,74], have been investigated in some detail. Several
additional ThZ-linked genes [62,63], including haeni oxygenase, procollagen lll. secreted

phosphoprotein l, procollagen V, reticulocalbin and fibrillin l have also been reported in the
fibrotic lungs of bleomycin—treated mice [75} and in CCl4-stimulated rat hepatic stellate cells
(collagen-producing cells in the liver) [76], providing further evidence that fibrosis is often

associated with the development of ThZ-type responses.

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

The Th2 eytokines lL-4. lL—S, IL-13 and IL-Zl each have distinct roles in the regulation of

tissue remodelling and fibrosis. lL—4 is found at increased levels in the bronchoalveolar lavage
fluids ofpatients with idiopathic pulmonary fibrosis (lPF) [77}. in the pulmonary interstitium

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 lL-4 [80]. Although the extent to which
lL—4 participates in fibrosis varies in different diseases, it has long been considered a potent
profibrotic mediator. In fact, studies have suggested that lL-4 is nearly twice as effective as

TGFfl [81], another potent profibrotie cytokine that has been extensively studied [82],
Receptors for IL—4 are found on many mouse [83] and human fibroblast subtypes [84} and in

vitro studies showed the synthesis of the extracellular matrix proteins, types l and Ill collagen
and fibronectin, following IL-4 stimulation. One of the first in viva reports to investigate the

contribution of lL-4 was a study of sehistosomiasis in mice, in which neutralizing antibodies
to lL-4 were shown to significantly reduce the development of hepatic 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}.

lL- l 3 shares many functional activities with lL—4 because both eytokines exploit the same
lL—4Ra/Stat6 signalling pathways [87}. However, with the development oflL-l3 transgenie

and knockout mice [88,89], as well as IL—l 3 antagonists [5390], unique and non—redundant
roles for lL-l3 and lL-4 have been revealed in numerous models. When IL—4 and lL-13 were

inhibited independently, lL-l3 was identified as the dominant effector cytokinc of fibrosis in
several experimental models of fibrosis [38,53,9l—94]. In schistosomiasis, although the egg-
induced infiannnatory response was unaffected by lL-l3 blockade, collagen deposition

decreased by more than 85% [53,95], despite continued turd undiminished production of lL—4
[53,961 Related studies have also shown a dominant role for lL-l3 in the pathogenesis of

pulmonary fibrosis. Over—expression of IL-l3 in the lung triggered significant subepithelial
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airway fibrosis in mice in the absence of any additional inflammatory stimulus [89], while
treatment with anti-IL—l3 antibody markedly reduced collagen deposition in the lungs of

animals challenged with A. fi/migczms conidia [9l] or bleomycin [49}, In contrast. transgenic
mice that over-expressed IL—4 displayed little evidence ofsubepithelial airway fibrosis, despite

developing an intense inflammatory response in the lung [97}. Interestingly, two recent studies
suggested that lL-l3-regulated responses [98}, including lung fibrosis {99}, could develop in

the absence of IL-4Ra or Statti-mediated signalling, suggesting that IL-13 can exploit an
additional signalling mechanism that is distinct from the IL—4Ra/Stat6-signalling pathway.

Indeed, a recent report suggested that TGFfil -clriven pulmonary fibrosis might in some cases
be dependent on IL-lS-mediated signalling through the IL-lfiRaZ chain {lOO}, which was
originally thought to operate exclusively as a decoy receptor for IL—l3 and as an inhibitor of
fibrosis [53,101}.

lL-S and cosinophils have also been shown to regulate tissue fibrogcnesisi The differentiation?
activation and recruitment of eosinophils is highly dependent on IL-5. and eosinophils are an
important source of fibrogenic cytokines, including TGFfi‘l and lL- l3. IL-5 and tissue

eosinophils have been observed in a variety of diseases, including skin allograft rejection and
pulmonary fibrosis {86,1027l03l. However, studies with neutralizing anti-IL—S antibodies and

lL-S knockout mice have often yielded conflicting results [104]. Early experiments with
neutralizing anti-IL—S monoclonal antibodies showed no reduction in liver fibrosis following

S. mansoni infection, even though tissue eosinophil responses were markedly reduced [lOS].
Although negative findings were also reported in some of the skin and lung fibrosis models

[l 05,106], other studies observed significant reductions in fibrosis when lL-S activity was
neutralized [86.l07—l ID]. A recent study demonstrated that although excessive amounts of

IL—5 can exacerbate blcomycin-induced fibrosis, IL-5""’ mice showed no impairment in
fibrosis [ll I}, 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 CCLll (eotaxin), tissue eosinophilia

was abolished and the ability of CD4+ Th? cells to produce the profibrotic cytokine IL—13 was
significantly impaired [l 12}. Eosinophils were also found to be an important source of IL-l3

in the schistosomiasis-induced model of liver fibrosis [55]. lL-S and eosinophils can also
regulate the TGIF/9 response in the lungs of mice {l09,l l3}. Thus, one of the key roles of IL-5

and eosinophils may be to facilitate production of important profibrotic cytokines like IL-l3
and/or TGFfl, which function as the key mediators of fibrosis.

Finally, similar to IL—5 {55L IL—Zl I’IL-‘ZlR signalling was recently shown to promote fibrosis
by facilitating the development of the CD4+ Th2 response {54], IL-ZlR-signalling was also
critical for ThZ-cell survival and for the migration Th2 cells to the peripheral tissues [114} in
addition to supporting the development of Th2 responses, IL—2l also increased lL-4 and IL-13

receptor expression on macrophages [54], which enhances the development of alternatively
activated macrophages that are believed to be important regulators of fibrosis [Gal l5}

Distinct and overlapping roles for TGFfi and Th2-type cytokines in fibrosis

TGF/J has been the most intensively studied regulator of the ECM and has been linked with

the development of fibrosis in a number of diseases [1 l6—l 19]. There are three isotypes of
TGFfi in mannnals, TGFfil, -2 and -3, all exhibiting similar biological activity {I201 Although

a variety ofcell types produce and respond to TGF/S‘ [82]., tissue fibrosis is primarily attributed
to the TGFfll isoform‘ with circulating monocytes and tissue macrophages being the

predominant cellular sources. In macrophages, the primary level of control is not in the
regulation of TGFfll niKNA expression. but in the regulation of both the secretion and

activation of latent TGF/ll TGFfll is stored inside the cell as a disulphide-bonded homodimer,
non-covalently bound to a latency-associated protein (LAP), which keeps TGF/i inactive.

Binding of the cytokinc to its receptors requires dissociation of the LAP, a process that is

J Paziloli Author manuscript; available in PMC 2009 June 9“

Ex. 2001 - Page1604



Ex. 2001 - Page1605

Wynn Page .7

catalysed by several agents, including cathepsins, plasmin, calpain. thrombospondin, integrin—
avfi‘6 and matrix metalloproteinases [82.120.121], many of which have become potential

targets of antifibrotic drugs. Once activated. TGFfl signals through transmembrane receptors
that trigger signalling intermediates known as Smad proteins. which modulate transcription of

important target genes, including procollagen l and III [122}. Dermal fibrosis following
irradiation [123} and renal interstitial fibrosis induced by unilateral ureteral obstruction [l 16}

are both reduced in Smad3-deficient mice, confirming an important role for the TGF/y’
signalling pathway. Macrophage-derived TGF/il 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 TGFfi’ signalling in fibroblasts triggers intraepithelial neoplasia, suggesting that TGFfll

signalling critically regulates the activity of fibroblasts as well as the oneogem'c potential of
neighbouring epithelial cells [124]. In the bleomycin model of fibrosis, alveolar macrophages

are thought to produce nearly all of the active TGF/i’ that promotes pulmonary fibrosis [125}.
Nevertheless, SmadS/TGF/J’l-independent mechanisms of fibrosis have also been

demonstrated in the lung and other tissues [30, l26,l27], suggesting that profibrotie mediators
such as lL-4. lL—5, lL- l 3 and lL-2 l can act separately from the TGF/B/Smad-signalling pathway

to stimulate collagen deposition.

There is also evidence that Th2 cytokines cooperate with TGF/i’ to induce fibrosis. [L-l3

induces the production of latent TGFfl l in macrophages and can also serve as an indirect
activator of TGF/i by upregulating expression of proteins that cleave the LAP [128.12%

indeed, IL- l 3 is a potent stimulator of both MMP and cathepsin-based proteolytic pathways
that activate TGF/l [74. l29l. Thus, the significant tissue remodelling associated with polarized

Th2 responses may involve a pathway wherein lL—l3—expressing CD4+ Th2 cells trigger
macrophage production of TGF/J’l, which then serves as the major stimulus for fibroblast
activation and collagen deposition [100,l28,l30]. in support of this hypothesis, when TSP/fl

activity was neutralized in the lungs of lL-l 3-transgenic mice, development of subepithelial
fibrosis was significantly reduced [1281 However, related studies observed enhanced

pulmonary pathology when the TGF/J’lSmad signalling pathway was blocked [l3 1 132],
suggesting that TGFfi suppresses rather than induces tissue remodelling in some settings. The

source of TGFfll appears to be critical, since macrophage-derived TGF/il is often profibrotic
“28}, while T cell-derived TGF/il appears to play a suppressive role U33}. Some studies

investigating the mechanisms of lL-l 3-driven fibrosis also reported no reduction in fibrosis in
MMP-9-, Smad3- and TGF/i’l-defieient mice, suggesting that IL- l 3 can operate independently

from TGFfll [30]. This may explain the unexpected failure of Smad/TGF/i inhibitors in some
blocking studies [l26,l27l. Thus, it remains unclear to what extent IL-l3 must act through
TGFfil to trigger fibrosis. Given that numerous antifibrotic therapies are focused on inhibiting

the TGF/S‘l signalling pathway [82, l 34], it will be important to determine whether the collagen-
inducing activity of lL-l 3 is dependent on TGF/Jl or whether lL- l3 and other profibrotic

mediators H35} can also operate independently, as has been suggested in some studies [30,
53,135}.

Vascular changes often accompany the development of fibrosis

in addition to fibroproliferation and deposition of ECM components, the pathogenesis of lPli
systemic sclerosis ( SSc), liver fibrosis andmany other fibrotic diseases, including many fibrotic

diseases of the eye. are characterized by substantial vascular remodelling. which often occurs
prior to the development of fibrosis. In the case of systemic sclerosis. vascular changes are a
prominent and early manifestation of the disease. with impaired angiogenesis leading to the

progressive disappearance ofblood vessels [28,29]. It has been suggested that reduced numbers

of circulating bone marrow-derived CD34+ endothelial progenitor cells, 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 [i37]. Indeed, the
common pathway 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 ultimately fibrosis. Once new blood

vessels begin to grow in the eye. they are prone to haemorrhage, leading to fiirther activation
ofthe wound-healing response, and ultimately development of severe fibrosis [139]. Therefore,

prevention of the primary vascular abnormality has been the most promising therapeutic
strategy for many diseases of the eye. Because various members of the CXC-chemoltine family
exhibit potent angiogenic or angiostatic activity [140], targeting the CXC-chemokine family

might offer a unique approach to 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 II appears to be the dominant hormone responsible for cardiac
fibrosis in hypertensive heart disease [141]. ANG ll also plays an important role in the

development of renal and hepatic fibrosis [142]. ANG ll, produced locally by activated
macrophages and fibroblasts, is thought to exert its effects by directly inducing NADPH

oxidasc activity, stimulating TGFfil production and triggering fibroblast proliferation and
differentiation into collagen-secreting myofibroblasts [143.144]. In addition to its effects on
TGFfll secretion and activation, ANG l1 also enhances TGFfll signalling by increasing

SMADZ levels and by augmenting the nuclear translocation of phosphorylated SMAD3.
TGF13’ l, 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 inyofibroblast differentiation and activation. Studies have

shown that overexpression of TGFfil in transgenic mice can lead to cardiac hypertrophy,
characterized by both interstitial fibrosis and hypertrophic growth of cardiac myocytes [l45].

Patients suffering from idiopathic hypertrophic cardiornyopathy and dilated cardiomyopathy
also have increased levels of TGFfll 'm the left ventricular myocardium [146]. Therefore,

therapies that target the renin—angiotensin—aldosterone system or TGF/il pathways might
provide effective strategies to slow the progression of fibrosis in hypertensive heart disease.
progressive renal disease and hepatic fibrosis [144,147,148].

Endogenous mechanisms that slow the progression of fibrosis

Regulatory T cells (Tregs) and lL-iO

lL- l 0 functions as a general immunosnppressive cytokine, which down-regulates chronic
inflammatory responses through many mechanisms [l49]. Consistent with its role as a

suppressive cytolcine, lL—lO has been shown to inhibit fibrosis in numerous models. Mice
treated with lL-lO develop significantly less liver, lung andpancreatic fibrosis when challenged
with carbon tetrachloride (CC14), bleomcyin and cerule in, respectively [l 50—153]. In contrast,

lL—lO—deficient mice are much more susceptible to these fibrosis-inducing compounds. IL-lO
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 lL-lO treatment [156]. However, despite its success in some clinical studies,
the mechanism by which lL-lO confers protection from fibrosis remains unclear. ln the

schistosoiniasis model, lL— l0 deficiency alone has little effect on the progression of hepatic

fibrosis [l57]. However, when lL-10"" mice were crossed with lFNy"". IL-ll’i’ or
lL-lSRa2’/’ animals, liver fibrosis developed at a highly accelerated rate, suggesting that
lL—lO cooperates with Thl cytokines and the lL-13 decoy receptor to suppress collagen
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deposition [74.158.159]. in support of these findings, at study ofhuman S. mamom infection
found that most cases of severe periportal fibrosis are associated with low lL-lO and EN}!

production [79].

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

Soluble lL-l 3th2-Fc is a highly effective inhibitor of lL- I 3 [90], which can ameliorate the
progression of established fibrotic disease [53.91160]. IL—l3Ra2 inhibits lL—l 3 by blocking

its interaction with the signalling type II IL-4R complex [90,98,161]. Consistent with its
proposed activity as a decoy receptor [162], mice with targeted deletion MIL-13110.2 displayed
enhanced IL-l3 activity [101]. When the lL-lSRaZ-deficient mice were infected with S

mtmsom’. the development of lL-13—dependent liver fibrosis increased significantly [163].
Fibrosis increased despite the fact that there was no change in the inflammatory response. These

findings suggested that TL—13Ra2 directly inhibits the ECM-remodelling activity of lL—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

lL—lSRaZ’i’ mice showed a marked exacerbation in granulomatous inflammation. They also
developed severe liver fibrosis and portal hypertension, which led to their rapid death following
infection. Thus, the IL-l3 decoy receptor was identified as a critical life-sustaining inhibitor
of Th2-driven inflammation and fibrosis.

Can progressive fibrosis be reversed and normal tissue architecture

restored?

Although the ability to repair damaged tissues without scarring would be ideal, in most chronic

inflammatory diseases repair cannot be accomplished solely by the regeneration of
parenchymal cells. even in tissues where significant regeneration is possible, such as the liver.
Repair of damaged tissues must then occur by replacing non-regenerated parenchymal cells

with connective tissues. which in time leads to significant fibrosis and scarring. Thus.
development of 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 ECM degradation (irreversible fibrosis)
develops when the appropriate cellular mediators (the source ofMMPs) are no longer present

[l 65]. Thus. ongoing inflammation might be required for the successful resolution of fibrotic
disease [ 166]. Not surprisingly. the source and identity ofkey MMPs thatmediate 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 loss of

activated HSCS [115]. This suggests that macrophages are essential for initiating ECM
degradation. perhaps by producing MMPs. Therefore, it might be possible to reverse what was
once thought to be irreversible fibrosis [167]. Successful elimination of HBV and HCV in

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 scln'stosoniiasis patients following treatment with
praziquantel. a chug that eliminates the causative pathogen [168]. Current approaches aimed

at treating fibrosis are primarily directed at inhibiting cytokines ('TGF/il, lL-l3‘). chemokines,
specific MMPS. adhesion molecules (integrins) and inducers of angiogenesis. such as VEGF

[l 38]. Although many ofthese treatments could prove highly successful, ideally, the best
therapy would lead to the complete restoration of the damaged tissue. or minimally. restore

homeostasis to the areas that drive the fibrotic response [169]. One way to restore homeostasis
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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 H70}. Thus, methods that

inhibit fibroblast proliferation and activation or actively induce myofibroblast apoptosis could
help slow the 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 [l 73], 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 include cytokine, chemokine and
TLR antagonists. angiogenesis inhibitors, anti-hypertensive drugs, TGF/J signalling modifiers,

B cell—depleting antibodies and stem/progenitor cell transplantation strategies, to name just a
few. As there are many potential targets and strategies, what we need now is a well thought-

out plan for translating the available experimental information into clinically effective drugs.
However, there are challenging roadblocks ahead that must be overcome before any treatment

can reach the clinic. 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, etc.) are desperately needed. Host genetic
factors, such as single nucleotide polymorphisms {SNPs), may also 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 H74}. In future

studies, it will be important to explore what impact these or other SNPs have on fibrosis in
other organ systems. Nearly 45% of all deaths in 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 continue to increase in the coming years.
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Table 1

Major tissues affected by fibrosis and possible contributing factors

- Iver Viral hepatitis! schistosomiasts, and alcoholism are leading causes ofcin‘hosis worldwide

' LzmgiThe interstitial lung diseases (lLDs) include a diverse set of disorders in which pulmonary inflammation and fibrosis are the final
  
 

common pathological manifestat . There are more than lit) different causes ot‘lle, including sarcoido, silico s ding reactions and
infections. as well as collagen v culztr dise cl] as rheumatoid arthritis and systemic sclerosis (sclerodenna). ldiopotlric pulmonary
fibrosis). the most common type nt'lljl'), has no brown cause

  

 
' Kidney du‘ettseiDiabetes damages and scars the kidneys, which can lead to a progressive loss of function. Untreated hypertension cancontribute

- Heart and vascular disease Following a heart atwclc scar tissue can impair the ability of the heart to pump blood. Hypertension,
atherosclerosis and restenosis also contribute

° EyeiMacular degeneration, retinal and vitreal retinopatliy can lead to blindness

- SkiV/ilncluding keloids and hypertrophic scars. Systemic sclerosis and sclerodemia, burns and genetic factors may also contribute

' Pancretu‘iPoorly understood but possible autoimmunex’hereditary causes

' [ritesfineiCrolin‘s diseasew’inflainniatoiy bowel disease. Pathogenic orgnanisms

- Hr'rliniAlzlieimer's disease. AIDS

- Bone marrmr'iCancer and ageing

. glrmhtloigan fibrt).§‘.’54{al Due to surgical complications: scar t' ‘ ‘ue can form between internal organs, causing contracture, pain and” in
  

some cases, infertility; (b) chemotherapeutic drug-induced fibrosrs; (c) radiation-induced fibrosis as a result of cancer therapy/"accidental
exposure; (d) mechanical injuries 
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Abstract

Fibrosis is a common pathology in cardiovascular diseasel. in the heart, fibrosis causes

mechanical and electrical dysfunctionJ ‘2 and in the kidney, it predicts the onset of renal failure}.

Transforming growth factor pl (TGFfil) 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 TGFfil in fibroblasts could be attractive therapeutic targets and lack upstream toxicity.

Here we show, using integrated imaging—genomics analyses ol'primaiy human fibroblasts, that

upregulation of interleukin— ll (‘lL—l l) is the dominant transcriptional response to TGFlSl exposure

and required for its pro-tibrotic eitect. lL—l l and its receptor (lLl lRA) are expressed specifically

in fibroblasts, in which they drive non—canonical, ERK—dependent autocrine signalling that is

required for fibrogenic protein synthesis. in mice, fibroblast—specific [111 transgene expression or

11le injection causes heart and kidney fibrosis and organ failure, whereas genetic deletion of

III/r221 protects against disease. Therefore, inhibition of lL-l l prevents fibroblast activation across

organs and species in response to a range of important pro—fibrotic stimuli. These results reveal a

central role of'lL—l l in fibrosis and we propose that inhibition of ll'..—l l is a potential therapeutic

strategy to treat iibrotic diseases,

Trans—differentiation of fibroblasts into activated myoflbroblasts. which express d—smooth

muscle actin (ACT/12) and secrete extracellular matrix (ECM) proteins, is a defining feature

offibrosisg. We automated the quantification ofmyofibroblasts and ECM production in

primary human cardiac fibroblast cultures (11 = 84; Extended Data Table l and

Supplementary Table 1), and performed RNA sequencing (RNA-seq) on paired unstimulated

and 'l‘GFfi l-stimulated samples (Extended Data Fig. 1’). Genes were ranked on the basis of

the magnitude and significance of their differential expression and their correlation with

myofibroblasts. Typical fibrosis genes such as COMP and NOR/4) were among the most-

upregulated genes (Fig. la and Supplementary Table 2). Gene set enrichment analysis

showed upregulation of genes important for protein secretion (Supplementary Table 3).

Nature. Author manuscript; available in PMC 2018 February ()9.
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Notably. 1L1] expression showed the most positive correlation with myofibroblast numbers

([2 0.47, 133,131,3th : 6.44 >< urfi; Spearnian’s correlation) (Fig. la) and upregulation of 11.1]
expression (8.5vfold, Pudjusted = 6 X 10‘2”; DESqum) defined the dominant transcriptional
response of cardiac fibroblasts to TGFfil. II. 7/ expression is highly specific to fibroblasts,

especially when stimulated, but is undetectable in most healthy human tissues and cells“:12

(Extended Data Fifi. 2). To further explore the biological context ol‘iL-l l. we examined the

expression of its receptor (1L 1 IRA) compared to the receptor of lL—6 (116R), a close family

member, across 512 cell lines] 2. [[613 was present at high levels in immune cells, whereas

IL /IRA was most highly expressed in fibroblasts (Fig. lb).

To investigate [/1] expression 1'11 vii-’0, we performed single-cell RNr- -seq of hearts from a

PIHR 901+ mouse, which has a cardiac fibrosis phenotype”, and a wild—type control mouse

(Fig. lc and Extended Data Fig. 3). Both 1111 (P: 5.6 >< 10"“) and 11111211 (P: 2.2 x 1046)

were enriched in fibroblasts and 11/] was highly expressed in fibroblast subpopulations that

had transcriptional features of TGFSl activation or ECM production (Fig. id). 1'1] [—

expressing cells were most common in fibrotic P/rzRi’al hearts and we confirmed ll-l l

protein upregulation in this model (Extended Data Fig. 3).

14 and tumorigenesisb, among other roles. inIL II has been linked to haeinatopoiesis

contrast to a previous cardiac study”, we found that, recombinant human lL—l l (rhIL—l l) is

strongly pro-fibrotic in cardiac fibroblasts, increasing myofibroblasts and ECM production,

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

the apparent contradiction between our data and the previous work in which rhlL—l l was

used in mouse models”, we tested whether rhlL-ll could activate mouse cardiac

fibroblasts. rhlL-l l was mostly irieflective in mouse cardiac fibroblasts, whereas

recombinant mouse ll—ll (mill—l l) activated mouse cardiac and renal fibroblasts (Extended

Data Fig. 4,). rhlL—l l strongly activated human renal fibroblasts.

Our findings implicate a. pro-fibrotic role for lL-ll downstream of TGFfil, In the presence

of neutralizing anti—lL-l 1 antibodies, the pro-fibrotic effects of ’l‘GFfil were greatly

diminished across a wide range of fibrosis assays (Fig. lf~~i and Extended Data Fig. 4). We

made ligand traps by fusing ll..l lRA and gpl30 (iLl lRA:gpl30) and these traps inhibited

the pro-fibrotic effects of TGFfEl in a dose— dependent manner. The specificity of lL-li

inhibition was further confirmed through inhibition of ILl IRA using receptor-blocking

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

TGF{51. By contrast, anti—lL-6 antibodies had no elfeet on TGF [31— induced cardiac

fibroblast activation (Extended Data Fig. 4).

We next investigated the consequences of lL—l l signalling in cardiac fibroblasts using RNA—

seq. Surprisingly, the effect of lL—ll on the transcriptome was negligible, whereas TGFfil—

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 very little effect oflL—ll on mRNA levels but, in the cell

culture supernatants of identical samples, we reproducibly documented pro—fibrotic protein

secretion. Therefore, the effects of lL—l l on cardiac fibroblasts are mainly at the protein

Nature. Author manuscript; available in PMC 2018 February ()9.
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level and are unrelated to transcriptional changes (Extended Data Fig. 5). This differs from

effects ot’lL-l l on cancer cells. in which .lAK—--STAT signalling is involved”.

lL-l i can bind to free lLl lRA, which is shed from cardiac fibroblast membranes (Extended

Data Fig. 5) and signal 1'11 trans in cells that express 017130 (also known as ILvoSTPI)”. We

generated an lLl lRAzlL-l 1 fusion protein (hyperlL-l l), which mimics the tmnssignalling

complex”. Concentrations ot'hyperlL—ll as low as 0.2 ng ml”1 activated cardiac fibroblasts

(Extended Data Fig. 5), supporting a role for lL—l l trans—signalling in fibrosis.

We found that both 1L]! and IL]IRA are expressed in fibroblasts, which implies that an

autocrine signalling loop exists, Using hyperlL—l 1, which is not detected in an lL-ll

enzyme-linked immunosorbent assay (ELISA), we confirmed the existence oi‘autocrine

lL—l l signalling in cardiac fibroblasts. This autoerine. feed—forward loop of hyperlL—l 1—

induced lL—l l secretion is dependent on de nnvoll'fl l protein synthesis and secretion (Fig.

2c and Extended Data Fig. 5), but is independent of [£11 RNA levels. in separate

experiments, rhlL-ll (not detected by lL-l l ELISA) cits-signalling also strongly induced

endogenous lL—ll secretion, and this also occurred in the absence of changes in [L1]

inRNA levels (Extended Data Fig. 5).

TGFfSl activation ofnon-canonical ERK signalling in fibroblasts is important for fibrosis!“5

and we observed that lL—l l also activated ERK in cardiac fibroblasts and that both TGFBI

and lL—l 1 required ERK to induce pro-fibrotic phenotypes (Fig. 2d and Extended Data Fig.

5). Because the effects oflL- ll on pro—tibrotic gene expression are post-transcriptional, we

suggest that this phenomenon may be driven, in part, by activation ofERK and its

downstream substrates (Extended Data Fig. 5).

We therefore investigated the activation of STAT, SMAD. ERK and kinases that are

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

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

(endothelin—l (ENDl), angiotensin ll (Angll) and PDGF) and other key pro—fibrotic.

cytokines (051V; bFGE CTGF and 1L8)”. lL—ll activation of STAT in cardiac fibroblasts

was negligible. consistent with its lack of transcriptional effects in this cell type. As

expected, TGF{51 activated SMAD, but the only pathway that was consistently activated by

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

changes in lL—ll protein levels but not mRNA; only 'l‘GFBl increased SMAD-dependent

[L11 transcription (F ig. Ill and Extended Data Fig. 5). Remarkably, as seen with TGFlSl,

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

lL—l l signalling (Fig. 2g and Extended Data Fig. 6).

We studied the fibrotic response of cardiac fibroblasts from 11]]ra1"""' micezo. ’l‘GFBl—

induced transcriptional regulation in 1]] [r'aI'llv cardiac fibroblasts was maintained and

similar to that of m Ira It"+ (Wild—type) cardiac fibroblasts (R2 : 0.94, P< 2.2 x 10‘1“.

Spearman’s correlation; Extended Data Fig. 7‘). However, protein-based assays showed that

cardiac fibroblasts from 1]] Aral“; mice did not increase synthesis of ECM proteins or

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

demonstrating the effect oflL-ll at the protein level.

Mature. Author manuscript; available in PMC 2018 February ()9.
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We investigated the role of ll-li in a mouse model of myocardial infarction, but rather than

injecting rhlL-l l. as had been done in the previous siudyll’, we administered rmll-l 1. We

measured epicardial activation, a defining feature ofactive fibrosis in myocardial

infarction21 and found that rmll-l l robustly stimulated fibroblasts in the epicardium (Fig.

Sawc) and caused ventricular impairment (Fig. 3d, e). We then tested the effects of mill-l 1

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

cancerzg. rmlL—l 1 injection in CollalfiGFP reporter mice23 resulted in specific activation of

fibroblasts in the epicardium and renal interstitium (Fig. 3t). rmll-l l-treated mice had high

circulating levels of TGFfil, but not, ofoiher pro-inflaimnatory factors and features of

cardiac and renal impairment along with cardiovascular fibrosis (Fig. 3g~i and Extended

Data Fig. 7).

To investigate the effects of autocrine ll-l l signalling in fibroblasts 1‘11 Viva, we generated

rmll—l l—transgenic mice, which we crossed with inducible Coll a2~Cre mice (ll-l l-Tg; see

Methods). ll—ll was expressed after induction with tamoxifen and within two weeks, there

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

(Fig. 3i, k). This was accompanied by a reduction in cardiac function (Fig. 31). increased

serum TGFBl and an increase in serum urea and creatinine, which are biomarkers of renal

failure (Extended Data Fig. 7).

ll—l 1 expression was found to be increased in three preclinical models of cardiovascular

fibrosis { Fig. 4a. e, i). Therefore. using knockout and wild—type mice we determined whether

inhibition of ll—ll could reduce fibrosis in these models, After either Angl’l infusion or

transverse aortic constriction. less fibrosis occurred in the hearts of knockout mice compared

to wild-type mice (Fig. 433, c, f, g). This effect was independent of loading conditions

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

reduced renal fibrosis (Fig. 41', k). Deletion of'lll lral signalling resulted in reduced ERK

signalling across all models tested, whereas 1338 signalling was unaffected (Fig. 4d, h, l and

Extended Data Fig. 9).

lL—l l was discovered owing to its ability to sustain an lL-6-dependent haematopoetic cell

line when secreted from fibroblastic cells”, but was later found to be redundant for

haematopoiesis20. Here we show that IL]! is a crucial fibrosis gene acting downstream of

TGFfil and many other pro-fibrotic factors. We believe that the importance of lL-l l in

fibroblasts may have gone unnoticed because its effects are apparent only at the post-

transcriptional level (Extended Data Fig. 9). We highlight that 1L1IRA is not only expressed

in fibroblasts but also in other cells and that lL-l l signalling may therefore be important in

other cell types.

We note that rhlL—l l has been given to patients with myocardial infarction25 and it is

possible that the use ofrhlL-l l in cancer patients22 causes fibrosis-related side effects. We

therefore suggest that the use of rlilL-—l l in humans should be reviewed. [£11 is highly

upregulated in fibroblasts from patients with idiopathic pulmonary fibrosis or systemic

sclerosis, by a lOO—fold and 30—fold, respectively26; this suggests a, role for lL—l l in fibrotic

human disease beyond the cardiovascular system. lL-ll inhibitors may be particularly

effective in treating fibrosis, because they would target a nodal point of pro—fibroiic

Mauro. Author manuscript; available in PMC 2018 February ()9.
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signalling. Because of these results, and target safety data from human27 and mouse20
knockouts , we propose that lL-l l 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 only in the online paper.

METHODS

Data reporting

No statistical methods were used to predetermine sample size. The experiments were not
randomized.

Patient cohort

Patients (n = 84, aged between ’2 2i and 5 8i) undergoing coronary artery bypass grafting

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

approved by the SingHealth Centraliscd lns titutional Review Board (ClRB; 20l3z’ l 03/C).

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

biopsies (94.6 :: 59.5 mg) were collected from the right atrium and were used to grow

primary atrial fibroblasts. A summary of patient data is provided in Extended Data Table l

and detailed patient data are presented in Supplementary Table l.

Recombinant proteins

Commercial recombinant proteins—Human CTGF (PI-100286, Biosource). human

endotlielin l t l 160/ lOOU. Tocris), human bFGF (233—FB—0‘25, R&D Systems), human lL—l l

(Pl-1CD} 15, Life Technologies), human lL—l3 (Pl-iCUl34, Biosource), human oncostatin M

(PHCSOIS, Biosource), human PDGF (220-138-010, R&D Systems), human angiotensin ll

(A9525, Sigma—Aldrich), and human TGFp1 (PHPl43B, BiovRad).

Custom recombinant proteins—Recombinant mouse lL—ll (UniProtKB: P47873) and

human lL—l l (UniProtK’B: P20809) were synthesized without the signal peptide.

HyperlL—l l was constructed using a fragment of ILl lKA (amino acid residues l---317

consisting of domains 1—3; UniProtKB: Ql4626) and IL-l 1 (amino acid residues 22499,

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

Decoy receptors were constructed using a fragment ofgpl30 (amino acid residues l»326

consisting of domains l»—3, UniProtKB: P40l89) and {Li lRA (amino acid residues l09»-308

consisting of domains 27773, UniProtKB: Ql4626i) with either a 33—amino—acid—long linker:

GGGGSTRGSAGSGGSATGSGSAAGSGDSVRRGS or a SO-amino—acidvlong linker:

GGGGSTRGQLHTQPE VEPQVDSPAPPRPSLQPHI’RLLDHRDSVEQVAVG. 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,

minced into l---2 mm3 pieces, and placed in 6-cm dishes. Human cardiac fibroblasts were

grown and maintained in DMEM (l l995— 065, Gibco) supplemented with 20% fetal bovine

Nature. Author manuscript; available in PMC 2018 February ()9.
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serum (PBS, 10500, Hyclonc) and 1% pcnicillin»streptomycin (15140422, Gibco), in a

humidified atmosphere at 37 DC and 5% C02. The medium was renewed every 2---3 days. At

8W90°xt3 confluence, cells were passaged using standard trypsinization techniques. This

protocol was also used to isolate fibroblasts from mouse atria, ventricles and kidneys.

Human primary kidney fibroblasts (ll—6016; CellBiologics) were cultured in specific

medium ($42267, CellBiologics). All experiments were carried out at low cell passage (<

P4) and cells were cultured in serum—tree media for 16 h before treatment.

Antibodies and inhibitors used in this study were as follows: lgG type 2a(l\/1A13003, R&D

Systems). anti—lL—ll antibody (MAB21 8, R&D Systems), anti— 1L1 IRA antibody

(MAB 1977, R&D Systems), brefeldiii 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 104 cells per well. Following experimental conditions, cells were rinsed in

phosphate—bufl‘ered saline (PBS) and fixed in 4% paraformaldehyde (PFA, 28908, Life

Technologies). Cells were permeabilized with 0.1%TritonX-100 in PBS. EdU»-

AlexaFluor488 was incorporated using a C lick—iT EdU labelling l<it (C 10350, Life

Technologies) according to the manufacturer’s protocol. Non—specific sites were blocked

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

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

collagen l (ab292, Abcam), periostin (POSTN: abl 4041) Abcam). All primary antibodies

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

Tween-20 in PBS) rinses. cells were incubated with the appropriate AlexaFlam-188-

conjugated secondary antibodies (121,000) for l h at room temperature in the dark. Cells

were counter—stained with rhodamine—phalloidin (' l: 1,000, R4l5, Life Technologies) and

DAPI (1 pg 311"], D1306, Life Teclniologies) 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 ACTAZ" and EdUl' cells was done using Harmony software

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

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

Scratch wound and migration assay

Human cardiac fibroblast migration was determined using in Vitro scratch wound assays and

Boyden chamber assays in duplicate per patient sample. Scratch wound assays were

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

medium (DMEM containing 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 11. Changes in the wound

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

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

manufacturer’s protocol. Fibroblasts (5 \ 104 cells per well) were seeded inside trans—well

inserts, and could migrate towards the experimental conditions as in the wound assays for 24
h.

Mzmre. Author manuscript; available in PMC 2018 February 09,

Ex. 2001 - Page1625



Ex. 2001 - Page1626

idoosnuewmutingidoasnuewrotting
manners;Joanna;
id

3‘amusinggorges:
id

Schafer ct iii. Page 8

Collagen gel contraction assay

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

fibroblasts (8 X to4 cells per well) using a Cell Contraction Assay kit (Cell Biolabs) as per

the manufacturer’s protocol, The cells were treated with stimuli similar to the scratch wound

assays, except that cells were cultured in DMEM containing % PBS. The gels were imaged

every 24h for 72 h and gel area was quantified using Image} software (version 1.49).

siRNA transfection

Human cardiac fibroblasts were seeded in 96—well black CellCarrier (PerltinElmer) plates ('l

/ 104 cells per well) and transfected with 125 nM On-Targetplus siRNAs (Dharmacon) in

serum—free Opti-MEM medium and DMEM containing 10% FBS (ratio 1:9) using

Lipofectamine RNAiMax (13778—150, Life Technologies). The cells were transfcoted for 24

h and subsequently cultured in DMEM containing lWDFBS overnight before subjected to
different treatment conditions.

RNA-seq library preparation

Total RNA was isolated from human cardiac fibroblasts using RNeasy columns (Qiagen).

RNA was quantified using a Qubit RNA High-Sensitivity Assay kit (Life Technologies) and

assessed for degradation on the basis of their RNA integrity number using the Bioanalyzer

RNA 6000 Nano assay (Agilent Technologies). TruSeq Stranded mRNA Library Prep kit

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

manufacturer. The final libraries were quantified using KAPA library quantification kits

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

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

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

Elmer). Libraries were pooled and sequenced on a HiSeq 2500 in High Output mode using

75—bp paired—end sequencing chemistry.

RNA-seq analysis

RNA-seq data pre—processing—Raw sequencing data (.bcl files) were demultiplexed

into FastQ files with lllttmina‘s bcl2fastq (version 1.8.4) based on unique index pairs.

Topi-lat (version 2.0.12) was used for mapping the reads to the human genome

(GRCh38.78), with the following parameters: number ofthreads, prefilter multihits, read

mismatches, read edit distance, mate inner distance and read realign edit distancezg. Gene

level counts were computed using HTSeqSO (version 0.6.1) with the same human genome

reference used for mapping (Ensembl version 78), Ribosomal genes (Ensembl gene biotype

‘rRNA’) and genes located in chromosomes other than {7722, X and Y were discarded.

Differential expression of stimulated versus non-stimulated fibroblasts——

Differential expression between the stimulated and non—stimulated samples was computed at

the gene level from gene counts using the DESqulO R package (version 1.10.1). A pre-

filtering step was used by considering only genes with counts above one across all samples

36,352 genes remained afier this filter). To account for patient effects and technical

ariefacts, patient iD, sex and RNA concentration were added as covariates in the differential
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expression model. The baseline comparison was set: to non-stimulation. DEchZ

(,3? independentFiltering parameter was set to False. The rest ofthe parameters were left as

if default.ms

Q? Functional enrichment of differential expression results
534 Gene Ontology (GO) functional enrichment of the differential expression results was

3 performed with Gene Set Enrichment Analysis (GSEA) software (version 2.2.2). Human
fl; Ensembl genes IDs included in DESeq210 output were mapped gene symbols by retrieving

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

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

by the corresponding DESeq2 output Wald statistic ( ‘stat’ in DESqu output, defined as

estimate of the log; fold change divided by its standard error).

E One functional G SEA run was performed for each GO category (BR CC and MF) retrieved
3%? from the Molecular Signatures Database gene sets (version 5.2, gene sets queried using gene
9.; symbols)“. A total of three GSEA runs was carried out. GSEA was run in classic pre—rank

g mode with 10,000 permutations to assess the false discovery rate (FDR). in the OSHA runs,

g5: maximum cluster size was set to 5,000 and minimum cluster size was set to 10.
g

g. Computation of variation in gene expression

M TPM were 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 lrilobase {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 removeBatchEl’fect function from the limma R package (version 3 26.9)

E was used to remove technical batch effects. In removeBatcthfect, the expression matrix

in? was set to the logthPM + l) expression matrix, the batchl variable was set to ‘libraiy
9-; preparation batch’ and the covariates variable was set to “RNA concentration’. The obtained

5-» matrix was split into non—stimulated and stimulated. Then the re moveBatchEl‘fect function
g? was run a second time to remove patient sex and race elfects separately. From this output

g data, the delta of each gene was computed.

"" Correlation between the delta of gene expression and delta ACTAZ

ACTAI’ cells were measured in samples from the 84 patients as described above (Operetta

image analysis). Outlier measurements were removed from the il‘iCiXAIZ+ cells

measurements. To select the measurements to be removed. we plotth the distribution ofthe

s.d. in the measurements of each patient (11 2 3). We removed the most distant point in the

E top one percentile of patients with the highest s.d. This procedure was carried out in the
E»? TGEBl—stimulated and non— stimulated measurement separately. For each patient sample,

Q. mean ACTAE levels were computed in baseline and stimulated fibroblasts. The

3?? corresponding delta ACTAZ was derived (defined as the difference between the mean
g stimulated and the mean nonstimulated). Spearman’s rank correlation coefficient and the
f” corresponding Student’s t-lest Pvalue were computed between the stimulated and non-

"ii stimulated delta of each gene and the delta ACTA2 by using the function corAndealue
from the WGCNA R package (version 1.5 U32,
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RNA-seq analysis in the test cohort (patients, n = 9; mouse, n = 18)

Raw sequencing data (.bcl files) were dernultiplexed into individual F3.le read files with

lllumina’s bci2fastq version 2. l 6.0.10 on the basis of unique index pairs. The adaptor

sequences and low quality reads and/or bases were trimmed using Trirnrnomatic version

0.3(‘3and the read quality was assessed using FastQC version 0 ll. 534 High—qualitv reads

were mapped to Ensembl human GRCh38 version 86 reference or mouse GRCin38 Version

86 reference genomes using Spliced Transcripts Alignment to a Reference (STAR) version

2.5.2295.

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 featureCounts36 to get gene-level quantification of genomic features: featureCounts -t

exon —g gene7id —s 2 »-p. Differential expression was performed with DESqu10 version

l.l4.l using raw read counts from featurcConnts. We performed a minimal pro-filtering to

remove genes that have no reads or only a single read across all samples to reduce the data

size and speed up the analysis process

Sample le were included as covariates in DESqu10 design formula to remove batch effect

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 Pvalue was less than (ll.

GTExIFantom analysis

Two independent analyses were carried to test the tissue specificity of the expression of

lL—l 1. These analyses used tissue expression data from the GenotyperiiTissue Expression

(GTEx)11 project and the primary cell expression data from FANTOMSQ. The test was

designed to find those genes which had an expression profile that most closely matched an

‘idealized' expression profile in which a gene is only expressed in stimulated fibroblasts. To

do this‘ we used the Jennson~~Shannon divergence (J SD) index, which is a measure of

similarity between two probability distributions. We compared each distribution from

FANTOM or GTEx incorporating our own expression data on stimulated fibroblasts to the

idealized distribution. As a result, all genes with a low distance (according to .lSD) to this

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

represent good candidates for further investigation.

GTEx data processing

GTEx“ project RNA-seq Vop gene read counts (file G’l‘Bx7Analysis7v6p7RNA-seq7RNA-

SeQCvl.l.8_gene7reads.gct.gz), reference annotation file

(geneode. v l 9.genesv6p7niodel.patchedcontigsgvtf.g2 GTEX Vop) and sample attributes

(tile GTEx7Data7V6Annotations7SampleAttributesDStxt) were downloaded from:i

‘ .TPM were computed as stated above using the downloaded gene

reference annotation file. All samples prOVided by GTEX were used (11~ 8.55 5), classified

by tissue type as included in the column ‘SMTS’ of the sample attributes file, 30 tissues in

 

 

total. Our gene TPM dataset consisting of 84 samples with unstimulated and TGFE) l-
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stimulated fibroblasts was added (11 = 168) to this GTEX data and all samples were quantzile-

:3? normalized.
’55?

Q FANTOM data processing

5% Expression levels of all genes in primary cell types with replicates were downloaded from
if: the P‘AN'l‘OMS web resource (l 19 cell types). Because the FANTOMS data are at the level
3 of transcription start site expression derived from CAGE sequencing, we calculated the gene

33;; level expression by summing all counts that were assigned to a given gene. These were then
normalized by library size in order to calculate the TPM for 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 [1.1 [EA and [1.61%. we extracted the TPM for these two genes across 51 l

diiierent primary cell samples that covered cell types from all lineages. ln each case, for

P}. which the expression of either [L] [BA or [£6]? is above the level of noise, we highlight

it these cell types and categorize them as described in the FANTOMS cell type ontology.“.5

5% JSD computation

27.2: On the basis of the distribution of the TPM gene expression levels in the 168 fibroblasts
Q samples before quantile normalization, genes with average log2(TPM + 1) higher than 2

“if; 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 l0,736 and 9,888, respectively.

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

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

E fibroblasts. The probability distribution ofeach gene was computed as the median gene

:% expression in each condition, that is, GTEX tissue. FANTOM cell type or unstimulated or
9-; stimulated fibroblast. divided by the sum of the median gene expression across all

5-» conditions. The idealized probability distribution was defined as probability of l X l0"20 in
:33 all conditions, except for stimulated fibroblasts (with probability ~ ll). SD was computed

g using the R package jsd (_version 0.1).

"" Single-cell RNA-seq

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

previously described37 either from male, lS-week-old transgenic micel3 overexpressing

PLNR‘QG/i or from FVB littennates. Single cells were isolated. lysed and subsequently RNA

was reversevtranscribed and converted into cDNA libraries for RNA—seq analysis using a

E Chromium Controller and a Chromium Single Cell 3/ v2 Reagent kit (Genomics 10X)
% following the manuiaettn‘er’s protocol. Libraries derived from FLA/{490+ or F VB mice were

Q. pooled together for DNA sequencing on a NextSeq 500 (lllumina) using a high—output kit

g (l 50 cycles) to a mean depth of > 60,000 reads per cell. Alignment of reads to the genome
g and generation of gene counts per cell was performed by Cell Ranger 1.2 software
f” (Genomics lOX). Cells of sufficient complexity were clustered using ISNE and plots were

"ii generated using the Seurat R paekagezs.
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Mouse models

E Animal procedures were approved and conducted in accordance with the SingHealth
a? institutional Animal Care and Use Committee (lACUC) or in accordance with local

% guidelines from collaborating laboratories. All mice were from a C57BL/6 genetic
:3 background and they were bred and housed in the same room and provided food and water
a ad libjlzm). For 1'12 vii/o gain—of—function studies, the mice were allocated to experimental
g groups to ensure equal litter/sex/age across groups. Randomization was not applicable to
E loss—0f~function animal studies owing to genotype—dependent analyses. For gain—of—function

1'11 who studies, treatment was not disclosed to investigators generating quantitative readouts

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

treating the animals, or generating quantitative readouts.

In 1 ra1 knockout mice

5?: Mice lacking functional alleles for ill lral (11] 1121*", K0) and their wild-type littermatcs
g [11 lraf”+ were 104?. weeks ofage and the weights of mice did not differ significantly.

% II]1ra]"‘""" and I]Ura]“"" male mice were subcutaneously (s.e.) implanted with an osmotic
g minipump (Alzet model l004, Durect‘) containing either angiotensin H (:Angli, 2 mg kg”
g per day) in saline (0.9% w/v) to stimulate cardiac fibrosis or an identical volume of saline.

% Mice were post—operatively treated with enrofloxacin (l5 mg kg], so.) and buprenorphine

E (0.1 mg kg’l, s.c.) for three consecutive days. Kidney fibrosis was induced by

intraperitoneal (i.p.) injection of folie acid (180 mg kg”) in vehicle (0.3 M NaliCOi) into

111 Ire]1"” and [11 lrafi" female mice; control mice were administered vehicle alone. Mice

were euthanized 2% days post—implantation or post—injection, respectively. TAC was

performed in 111[mlW and 111111a1"""' male mice as described previouslySS. Post-operative

treatment was performed as described above. Age-matched sham mice underwent a sham

E operative procedure without TAC. Trans—thoracic two-dimensional Doppler
g; echocardiography was used to confirm increased pressure gradients (> 40 mm Hg) indicative
2* of successful TAC. Mice were euthanized at 2 weeks post-TAC for histological and
g molecular assessments.
g
g "—11 transgenic (ll-H-Tg) model

E in this model, the mouse [/1] cDNA was expressed under the control of the ubiquitous
cytomegalovirus immediate early enhancer and the chicken {S—actin promoter. A IOXP—

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

overexprcssion could be conditionally induced by Cre reeombinase. The conditional

transgene was introduced into the Ros-326 gene locus of embryonic stem cells and this

} transgenic mouse line is referred to here as Rosa26-Il11 mice.,..

§ To direct transgene expression in fibroblasts, heterozygous 16033264111 mice were crossed
94 with C1121a}Cr'eERmice39 to create double heterozygous Calla} (LieiER.Rosa26—1111
g; progenies (referred to here as ll—l l—Tg mice). ll—l l—Tg mice were injected with 1mg
g tamoxifen (T5648, Sigma-Aldrich) ip. at 6 weeks of age for 10 consecutive days to induce

3: Cre-mediated recombination. Likewise, wild-type litterinates were injected with 1 mg
"5;: tamoxifen for it) consecutive days as controls.
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The mice were euthanized 14 days after cessation of tamoxifen administration.

In vivo il-11 administration model

rmll—ll was reconstituted to a concentration of 50 ug ml“1 in saline. Ten—week—old male

mice and transgenic CollaI-GFP rcporter mice23 were subjected to daily so. injection with

either lOO ug kg“1 ofrmll-ll or an identical volume of saline for 2l days.

Myocardial infarction model

Wild—type male mice (10»12 weeks) underwent: myocardial infarction surgery as described

previous ly‘m. Age—matched controls underwent sham procedures without ligation of the

coronary artery. In a subset of myocardial infarction mice. rmIl—ll or an identical volume of

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

Echocardiography

Trans-thoracic eehocardiography was performed on all mice using Vevo ‘2 l 00 with a MS400

linear array transducer (VisualSonics), 1877738 MHZ. Mice were anaesthetized with 2%

isoflurane and kept warm on a heated platform (37 CC). The chest hairs were removed using

depilatory cream and a layer of acoustic coupling gel was applied to the thorax. An average

of 10 cardiac cycles of standard 2D and m—inode 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“.

In vivo telemetry

Before TAl lPA—C 10 blood pressure device (Data Sciences international) implantation, the

zero offset was measured, and the unit was soaked in 0.9% NaCl. Mice were anaesthetized

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

placed in a subcutaneous pocket. All mice were allowed 10 days recovery from surgery

before baseline blood pressure values were recorded for five days. The data from the

TAl lPA-ClO device were transmitted via radio frequency signals to a receiver below the

home cage and sampled every 5 min for 10 s continuously day and night with a sampling

rate of l,000 Hz. Following five days baseline pressure recording, the mice received Angll

as described above. Telemetry data were collected continuously for the duration of die Angll
infusion.

ELISA

The level of lL-l l, lLl lRA, MMP-2, and TlMP-l in equal volumes of cell culture medium

were quantified using the following kits: Human lL-i l Quantikine ELISA kit (D1 100. R&D

Systems). Human lLl lRA ELlSA kit (LSF8919, Lifespan Biosciences), Total MMP—2

Quantik’ine ELISA kit (MMPZOO, R&D Systems), Human TlMP-l Quantikine ELISA kit

(DTMlOO, R&D Systems). Mouse plasma level of CRP. lFNy, TGFBL and TNF were

measured using the following kits: CR? Quantikine ELISA kit (abl- 77l2. Abcam), and
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Mouse lFNy ELlSA kit (ablO0689, Abcam), Mouse TNF ELISA kit: (ab208348, Abeam),

and Mouse TGFfil ELISA kit (abl 19557, Abcam).

Colourimetrlc assays

RT—qPCR

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

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

creatinine were quantified using urea assay kit (113383362, Abeam) and creatinine assay kit

(ab65340, Abcam), respectively. The amount of total collagen in the heart and kidney was

quantified on the basis of colourimetrie detection of hydroxyproline using a Quickzytne

Total Collagen assay kit (Quickzyme Biosciences). All colourimetric assays were performed

according to the manufacturer’s protocol.

Total RNA was extracted from either the snap-frozen tissues or cell lysate using Trizol

reagent (Invitrogen) followed by RNeasy column (Qiagen) purification. The cDNA was

prepared using an iSeript CDNA synthesis kit, in which each reaction contained 1 pg of total

RNA. as per the manufacturer’s instructions. Quantitative RT2PCR gene expression analysis

was performed on triplicate samples with either TaqMan (Applied Biosystems) or fast

SYBR green (Qiagcn) technology using a, StchnePlus (Applied Biosysiem) over 40 cycles.

Expression data were normalized to GAPDH mRNA expression levels and we used the

’2”AACt method to calculate the fold change. Specific TaqMan probes were obtained from

Applied Biosystems and are available upon request.

lmmunoblotting

Western blot analysis was carried out on total protein extracts from fibroblasts or mouse

tissues. Fibroblasts or fi‘ozen tissues were homogenized by gentle rocking in lysis butter

(RlPA buffer containing protease and phosphatase inhibitors (RocheD followed by

centril‘ugation to clear the lysate. Equal amounts of protein lysates were separated by SDS»

PAGE, transferred to a PVDF membrane, and subjected to immunoblotting analysis ofp—

AKT (4060, CST), AKT (4691, CST)> p—EIF4E (9741, CST), E1F4E (2067, CST). p-

ERKI/Z (4370, CST), ERKl/Z (4695, CST), GAPDH (21 18, CST), lL-ll (MABllx, R&D

Systems), p—lleKl/2 (9154, CST), MEKl/2 (4694, CST), p—mTOR (2971 , C ST). mTOR

(2972, CST). p-p38 MAPK(4511, CST), p38 MAPK (8690, CST), p—RSKl (11989, CST),

RSK (9355, CST), p—SMAD2 (5339, CST), SMAD2 (3108, CST), p—STAT3 (4113, CST)

and STAT3 (4904,CST). Proteins were Visualized using the ECL detection system (Pierce)

with the appropriate secondary antibodies: anti-rabbit l-lRP (7074. CST) and anti-mouse

HR? (7076, CST). Each western blot experiment was repeated independently with similar

results as follows: Fig. 2c l-lyperlL—ll + BFA. 11 2 3; Fig. 2e Various pro-librotic stimuli. 11 2

2; Fig. 4a, d Angll model, 11 2 5; Fig. 4e, h TAC model. 12 2 3; Fig. 4i, 1 folic acid (FA)

model, 11 2 5; Extended Data Fig. 3c ll-ll in PLN model, 11 2 3; Extended Data Fig. 5m

HyplL-l l + BFA + CHX, 11 2 2; Extended Data Fig. 50 lL-ll time course, 112 4: Extended

Data Fig. 5p elF4E activation, 112 5; Extended Data Fig. Sq TGFfi time course, 112 3;

Extended Data Fig. 5s various pro-fibrotic stimuli, 112 2; Extended Data Fig. 7n ll-l l-Tg

model, 11 2 4; Extended Data Fig. 9e Angll model - p3 8. 112 5; Extended Data Fig, 9fTAC

model p38, 11 2 3; Extended Data Fig. 9g FA model p38, 11 2 5.
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Histology

Page ii

Tissues from TAC and CollalrrrGFP mice models were subjected to cryosectioning and

tissues from all other models were paraffin-embedded. Hearts were sectioned at 5 pm and

kidneys at 3 um. For paraflin sections. tissues were fixed for 24 h, at room temperature in

l % neutralvbuffered formalin (Sigma—Aldrich). dehydrated and embedded in paraffin. For

cryosections, freshly dissected organs were embedded with Tissue-Tek Optimal Cutting

Temperature compound i VWR lnternational). 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 Ma sson’s trichrome stain kit (HTIS, Sigma-Aldrich) according to

the manufacturer’s instructions. images ofthc sections were captured and blue—stained

fibrotic areas were semiquantitatively determined with lmageI software (version L49). For

iminunohistochemistry, the tissue sections were incubated with anti-ACTAZ antibody

(ab5694. Abcam). Primary antibody staining was visualized using an lmmPRESS HR?

Anti-Rabbit lgG Polymer Detection kit (Vector Laboratories) with lmmPACT DAB

Peroxidase Substrate (Vector Laboratories) as the chrornogen. The sections were then

counterstained with Mayer’s haematoxylin (Merck). Detection ol’G'F'P expression was

performed according to established protocols“. Each histology experiment was repeated

independently with similar results as follows: Fig. 3a myocardial infarction model, 11 = 5;

Fig. 3f Col lal---GFP model, 11: 3; Fig. 3j Il-l l-Tg model, 11: 4; Fig. 4b Angll model, 11: 4;

Fig. 4flAC model, 11 = 3, Fig. Alj FA model, 11 = 4; Extended Data Fig. 7i nnlL-ll model, 1)
= 3.

Statistical analysis

Statistical analyses ofhigh—content imaging, ql’CR and protein data were performed using

GraphPad Prism software [version 6.07). Fluorescence intensity (collagen L FOSTN) was

normalized to the number or‘oells detected in the field and recorded for seven fields per well.

Cells expressing ACTAZ were quantified and the percentage of activated fibroblasts

('ACTAZ’L) was determined for each field. Outliers (ROUT 2%. Graphl’ad Prism software)

were removed before analysis. When several experimental groups were compared to one

condition (that is, to unstimulated cells), we corrected Pvalues 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< 0.0l, ***P< 0.001, ****P< 0.0001).

Data availability

High—throughput data used throughout the manuscript (Figs 1, 2, Extended Data Figs l, 2, 5.

7 and Supplementary information) have been deposited into the Gene Expression Omnibus

‘ :r") under accession number GSE97l l7. The 
authors declare that all other data supporting the findings ofthis study are available within

the paper and its Supplementary information. Source data are provided with the paper as

Supplementary Fig. l (western blots) and Source Data for F igs 3. 4 (individual data points

for 111 vii/0 studies presented in Figs 3, 4) are included in the online version of the 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 libretto cardiac fibroblasts

21, Mapped RNA—seq reads for human fibroblasts (11 = 84 biologically independent samples).

We aimed to generate at least 60 million reads per sample to assess RNA expression with

and without stimulation ofprimary cardiac fibroblasts with TGFfii. Fibroblasts were derived

from the atria of 84 individuals, resulting in a total of l68 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 expression levels, b, Distribution of mean

gene expression across all samples for each gene. We found 12,081 genes to be expressed at

log2(TPM + l) > 2. Genes below this cut-on“ were not considered in subsequent analyses. c,
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TPM distribution for each sample after filtering (11 = 84). d. Ward clustering of Euclidian

distance ofRNA-seq samples. Sample gene expression tends to cluster mostly by genotype,

indicating a strong genetic effect, beyond the effects of TGFfil stimulation.
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Extended Data Figure 2. Characterization the TGFE}! ~regulated gene, [1—11

3, We measured the amount of activated fibroblasts (AC'I‘AZ+ cells) using the Operetta High—

content imaging platform and lL-l l transcript levels by RNA-seq ('12 = 84 biologically

independent samples). The increase in IL—li expression correlated strongly with fibroblast

activation in the cohort, (p: 0.47, 95% confidence interval = 0.2 870.62). ST, stimulated cells

(5 ng llllml, 24 h); BL, baseline cells (unstimulated, 24 h). b, TGFfil (5 ng ml" l , 24 n)
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significantly uprcgulates 1L1] RNA (85—fold, P: 6 X 10418) in human atrial fibroblasts

according to RNA-seq analysis ([1 2 S4 biologically independent samples). Pvalues were

calculated with DEsqu. c, The change in gene expression was confirmed at the protein level

using an ELISA assay to measure lL—l l protein in the supernatant: of cardiac fibroblasts (11 =

6 biologically independent samples). fc, fold change. Two-tailed Student‘s f—test. d, RNA-

seq—based expression diiferences in IL] 1 transcript between unstimulated and TGFE l—

stimulated cardiac fibroblasts were confirmed via RT—qPC‘R. e, f, The JSD was calculated

for all 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 (0; GTEx) or unstimulated, primary cell lines (f; FANTOM) g, h, [L]! RNA

expression in TGFBI -sti1nulated and unstimulated cardiac fibroblasts (11 Z 84 biologically

independent samples) compared to GTEX (g; tissues from 11: 8,723 biologically

independent samples) and FANTOM (h; cell types from 12 = 285 biologically independent

samples) databases. g. RNA expression of [L1] in TGFfil—stimulated cardiac fibroblasts

(red) and healthy tissues. h, RNA expression of [L1] in TGFfil—stiinulated cardiac

fibroblasts (red) and primary cells. b, c. g, h, Box-and—whiskcr plots show median (middle

line), 25th~75th percentiles (box) and lOth—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 PlnRgL‘” l and wild-type adult left

ventricles shown in Fig. l. a, Cell types were defined according to indicated marker genes.

l1 Cells were clustered and cell type was determined using the Seurat R package (see

Methods). c, Upregulation of ll-ll in the heart in the PlnRQClJ" fibrosis model was confirmed

using western blotting. All mice were 18 weeks old and male. d. Subsequently, l,263

fibroblasts from Plnmc'l’i" and wild—type mice were re—clustered using Seurat WNT

signalling, downstream of TGFfSl in cardiac fibroblast activation, target genes were used in

this analysis of the four subsequent clusters of fibroblasts; ll-l 1+ cells were primarily found

in clusters 0 and l (16 out of 18 ll~l l-expressing cells). Clusters 0 and l were also enriched
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for Pth9CIJ+ cells compared to wild-type, ll 1 lral was expressed in all clusters, Cardiac cells

were sequenced from n 2 1 mouse, experiment was repeated one time with similar results.
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Extended Data Figure 4. His—H activates fibrahlasts and is required fur the pro—fibrutic effect of
TGFBI

a! b, High-resolution fluorescence imaging after TGF{31 or lL-l 1 treatment (5 ng ml”, 24

h) ofpriinaiy cardiac fibroblasts. Immunostaining of nuclei (DAPl, blue), ACTA2 (red) and

F-actin (phalloidin, green) indicated that both TGFfil and lL-ll activate fibroblast stress

fibre formation and increase the number of myofibroblasts 1'11 vitro to similar levels.
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Experiment was repeated four times with similar results. c, Automated quantification of
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fluorescence (Opcrctta assay r1 = 7 measurements per 11 = 6 independent experiments) of

primary atrial fibroblasts reveals significant fibroblast activation and ECM production

induced by both TGFBl and lL—ll (5 ng ml"1, 24 h). d, in addition, TGFfil efi'ects can be

reduced with an anti—lL-ll antibody (2 ug ml’l). c, d, Collagen secretion in the supernatant

(11 Z 6 independent experiments) was assessed with Sirius Red. c, Mouse primary fibroblasts
were incubated for 24 h with indicated concentrations of recombinant human or mouse

lL—l l. Fibroblast activation was monitored using the Operetta High—Content lmaging

platform and itntnunostaining l‘or ACTAZ. rhlL-l l was found to inefficiently activate mouse

fibroblasts (rmIL—l l, n = 2, rhILvl l , 12 2 4 biologically independent samples) compared to

rmlL-l 1; this occurred for rhlL—ll treatment with rhlL—ll from two separate suppliers f, g,

MMP—Z (f) and TlMP-l (g) concentration in the supernatant (ELISA) of cardiac fibroblasts

(12: 4 biologically independent samples) without stimulus (—J, with TGFBl or lL—l l (5 ng

ml’l, 24 h). h, ll—l l-neutralizing antibodies (anti-lL—l l, 2 pg ml’l) block the increase in

MMP—2 and TIMP—l protein. i, In Vitro monolayer scratch wound assay ofcardiac

fibroblasts. Wound closure was compared between stimulated (TGFBI or lL—ll; 5 ng ml”,

24 h) and unstimulated cardiac fibroblasts (12 = 5 biologically independent samples) after 24

h. j. Cardiac fibroblasts (n z 3 biologically independent samples) were seeded in collagen

gel and the contraction was monitored. The area of contraction is compared between

stimulated (TGFfil or lL-l l; 5 ng ml") and unstimulated groups after 72 h. k, Trans-well

migration assay. After 24 h of stimulation (TGFlSl or lL—l l; 5 ng ml‘fl), cardiac fibroblasts

(12: 6 biologically independent samples) that crossed the membrane towards either a

TGFpl— or lL-l l-containing compartment were colourirnetrically quantified and compared

to data from unstimulated cells. l--»n, Cardiac fibroblasts were incubated with TGFBl (5 ng

ml“. 24 h) and indicated amounts oflLl lRA:gpl 30 decoy receptors (_l: 33 amino acid (an)

or 50 aa linker peptide). anti-lL l llUt antibody (m; 2 pg ml" 1) or siRNA pools against lL- ll

or lLl lRA (n). l—n, Fibroblast activation was monitored via innnunostaining for ACTA2 on

the Operetta platform. decoy receptors (I): n = 7 measurements per n = 2 independent

experiments; anti- lLl lRA (m): n z 7 measurements per 17 = 4. independent experiments;

siRNA (n): Operetta assay 11 = 7 measurements per 17: 10 independent experiments. 0,

l-luman renal fibroblasts were incubated with TGFfil or lL-l l (5 ng ml”. 24 h) in the

presence or absence of anti-lL- ll or an lgG control antibodies ('2 ug ml'“2 each) for 24 h.

ECM was assessed using the Operetta platform by staining for collagen 1. Fluorescence was

normalized to non-stimulated cells (black). p, These results were confirmed with Sirius red

assay of the total collagen in the supernatant. q, mill-l l stimulation (5. ng ml”, 24 h) also

activated mouse cardiac and renal fibroblasts. Myofibroblasts and ECM were assessed using

the Operetta platform by staining for ACTAZ, collagen "l or POSTN. Fluorescence was

normalized to non-stimulated cells (black). onq, These experiments were repeated three

times with similar results. r, Cardiac fibroblasts analysed on the Operetta high—content

imaging platform with lmmunostaining of ACTAZ after 24 h incubation without stimulus.

TGFlSl (.5 ng miml, 2411) or TGFfil and lL-6-neutralizing antibody (2 pg nil"1, 24h).

Automated quantification of fluorescence (Operetta assay 12 = 7 measurements per 12 Z 6

independent experiments) shows no significant decrease in fibroblast activation using anti—

lL—6 antibodies. Data are mean and circles show individual values ((3) or mean i s.d. and

circles show individual values (c, (1 bottom right, f—h, k); box—and—whisker plots (c, d, lmn,

r) show median (middle line)> 25th—75th percentiles (box) and lOth—QOth percentiles
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(whiskers). Two—tailed Duimett’s test (c1 f, g, i—k), two-tailed Student‘s t—test (d, h> r) or

two—tailed, Sidak-corrected Student’s l—test (Ln). *P< 0.05; **P < 0.01; ***P< 0.00l:
****P< 0.0001.
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Extended Data Figure 5. Hi—ll drives fihrogenic protein expression via mm~canonical ERK
signalling

a. Genome—wide RNA expression differences of cardiac fibroblasts in response to lL-vli (12 Z

4 biologically independent samples, 5. ng ml”, 24 hi). Red indicates differeniialiy expressed

genes according to DEsque Fibrosis gene RNA is not increased by IL—li treatment, Ike;

RT—qPCR experiments for RNA expression of ACT/42 (b)., POSTN(C), A4MP2 (d) and
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TEMP] (e) in response to lL-ll treatment (5 ng ml’l, 24 h) compared to unstimulated cells.

lL—l i does not significantly 'upregulate these genes at the RNA level in cardiac fibroblasts (11

2 4 biologically independent samples). f, Sirius red assay reveals siwificant increase in

collagen protein. g, ELlSA reveals increase in MMP-2 protein in the supernatant of the

samples (shown in Fig. 2b, 11 2 6 biologically independent samples) that lack a change in

RNA transcripts. h, Concentration oflLl lRA (ELISA) in the supernatant of cardiac

fibroblasts (11 2 3 biologically independent samples) after TGFtSl stimulation (5 ng ml" 1, 24

h). i, Cardiac fibroblasts were incubated with increasing concentrations of a fusion protein

consisting of lL—l l and {Li lRA connected with a linker peptide that recapitulates the

features of the lL-ll trans—signalling complex. Concentrations as low as 200 pg ml’1

significantly activated cardiac fibroblasts as measured using a highcontent imaging platform

and staining for ACTAZ expression (Operetta assay 112 7 measurements per 112 4

independent experiments). j, k, rhlL-ll (j) and hyperlL-ll (k) were added at indicated

concentrations and subsequently measured using a commercially available lL-l l ELISA (11

2 1 independent experiment). The ELlSA did not detect rhlL—ll or hyperlL-l i. We note that

the reactivity to rhIL-ll was variable dependent on batch and provider and rhIL-l l was

sometimes detected. However, in all experiments presented in the main figures. we

confirmed that the rhlL~l l used was not detectable by the ELISA by additional

measurements. This ELISA reliably detected native lL—ll secreted by human fibroblasts. 1,

Cardiac fibroblasts (11 2 3 biologically independent samples) were incubated (8 h) with

hyperIL-l l (0.2 ng ml”) in the presence of absence of the inhibitor ofprotein translation.

cyclohexamide (CHX, 5 pg ml"1), or protein secretion, brefeldin A (BFA, l pg ml”). Both

inhibitors block the increase in lL-l l protein in the supernatant in response to hyperlL-ll

treatment. In, Western blot and ELISA ol‘lL-ll in cardiac fibroblasts after hyperiL—l l. the

inhibitor of the Golgi secretory pathway BFA and/or the translation inhibitor CHX treatment

shows dc not/o protein synthesis and canonical secretion of lL-l 1 after stimulation. 11,

ELJSA (11 2 9 biologically independent samples) and R‘T»qPCR (fl 2 5 biologically

independent samples) assays show an increase in endogenous iL—tl protein but not RNA

over time after rhlL-ll (5 ng ml "1) treatment. 0, ERK signalling pathway activation by

TGFfil and lL-l l. Western blots show activation of the non-canonical MEl<~~>ERl42 RSK

cascade in response to lL—ll stimulation of human cardiac 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 rhlL-l l. q, TGFfil also activates the ERK pathway. The time course

and degree of activation was variable between patients. 1', Collagen secretion (Sirius red)

from cardiac fibroblasts (control, 11 2 6; TGFfil, 11 2 6; TGFfil + U0126, 11 2 3; TGFfil +

PD98059,11 2 3; lL-l l, 112 6; lL—ll + U0l26, 11 2 3; lL—ll + PD98059, n2 3 biologically

independent samples) induced by TGFpl or lL-l l (5 ng ml l, 24 h) is reduced by two

separate MEK inhibitors ('10 MA). s. Western blot of total protein levels of key signalling

molecules in fibroblasts after 24 h stimulation with Angll (100 nM), CTGF (50 ng ml”),

EDN'i (250 ng mil), bFGF (10 ng ml' 1), lL—l3 (ion ng nil" 1). GSM (100 ng mil), PDGF

(200 ng mlmli and TGFQI (5 ng ml"1). The corresponding activated protein levels are shown

in Fig. 2e. t, siRNA treatment of TGFBl—stimulated cardiac fibroblasts. RquPCR shows

SMAD-dependent upregulation of IL]1 RNA (control. n 2 8; Tth l, 11 2 5; si TGFBIR, r1 2

5; siSAL4D2, 112 4; siSi’WAD3, 112 4 biologically independent samples). Data are mean i

Nature. Author manuscript; available in PMC 2018 February ()9.
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5d. (b—h. L n> r, t); box—and-whisker plots (i) show median (middle line), 25th—75th

percentiles (box) and l0th~90xh percentiles (whiskers). Two—tailed Student’s t—test ( [r-h),

two—tailed Dunnefl’s test, (i, r) or Sidak—corrected, two-tailed Student’s [Ltest (I, t) or Dne-

way ANOVA (n). *P< 0.05; **P< 0.01; ***P< 0.001: ****P< 0.0001.
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Extended Data Figure 6. 11.41 is required for the pro—fibrm‘ic effects of multiple stimuli

awh, Cardiac fibroblasts were incubated for 24 h with TGFBl (a; 5 mg ml”), CTGF (b; 50

ng ml"1), PDGF (c; 200 ng ml”), lL—l3 (d: l00 ngml’"1), Angll (9; mo 11M), OSM (f; 100

mg 1111”"), EDNl (g; 250 11g 11114.) or bFGF (h; 10 ng mfl) in the presence or absence of an

lL—l l-neutralizing antibody ('lL- l lab) or lgG control (2 pg ml" 1:). Cells were stained for
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ACTAZ, collagen l and POSTN to monitor the amount of myofibroblasts and ECM

production. High-content imaging and quantification offluonescence (Operetta assay 11 Z 7

4

measurements per 12 z 6 independent experiments for each condition and cellular phenotype)

revealed that anti-lL-l l antibodies significantly reduce the pro-fibroiic effect ofthese 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 lOth»-90th percentiles

(whiskers).
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Extended Data Figure 7. [Lil acts post-transcriptionally and causes fibrosis in vivo
3, RNA—seq fold change in TGFF) l —regulated genes in [1] 1m [‘7'+ cardiac fibroblasts (11 = 3

biologically independent samples) compared to [/1112'1/"f' cardiac fibroblasts (11 z 3
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biologically independent samples) alter TGFfil stimulation ('5 ng ml"'l, 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 ('12 = 3 biologically

independent samples) were incubated with TGFBl (5 ng mlwl, 24 h) and RNA—seq was

performed to detect differentially expressed genes using DEsqu. All genes regulated by

TGFtSl in wild—type cells are plotted with decreasing ~ loggt'PmeE-fd). The Pvalue of the

same genes in stimulated Ill/ra I'll" cells are plotted to the right. A similar P—value

distribution suggests that TGFBl-driven RNA expression changes are still present in the

absence ol‘lL- ll signalling showing that loss ol‘lll lral does not influence the TGFfil-

driven transcriptional response. (1. (1, Primary atrial fibroblasts were prepared from [I I [In IW

(c) or 11]]raf" (6) mice were incubated for 24 h without stimulus or with 'l‘GFfil (5 ng ml

"'ly), IL-l l {5 ng ml”) or Angll ('lOO nM). Cells were stained with antibodies against

ACTAZ, collagen l or POSTN. Images were taken at low magnification (le} on the

Operetta imaging platform. As shown, fibroblasts from knockout mice do not respond to

pro-fibrotic stimuli at the level of pro-librotic protein expression. This experiment was

repeated four times with similar results. e, Circulating markers ot‘int‘lammation after rmll—ll

injection (100 ug kg"1 per day, three weeks; 11 : l4 biologically independent samples). f.

Circulating levels onglBl (ELlSA) after mill-ll injection (control, n z 8; ll—ll injection, 17

= l2 biologically independent, samples). g, Collagen content, ('l-ll’A assay) in atrium (control,

11 = 7; rmll—l l, 11:~ lO biologically independent samples) after rmlL-l 1 treatment. b, The

area indicative for collagen deposition was assessed over several fields in 11 = 4 biologically

independent, samples and compared between samples from rmll-l l-treated and control mice.

i, Representative histological images of the heart and kidney after rmll-l l injection indicate

increased collagen content according to Masson's trichrome staining. This experiment was

repeated three times with similar results. j, RNA expression (RT-oPCR) of'tihrosis genes in

heart (11 : l2 biologically independent samples) and kidney ('12 2 l l biologically independent

samples) after rmll—l l treatment compared to control. k, RNA expression (‘RT—qPCR) of

fibrosis genes in heart (control, n= 6; ll-l l -Tg, 17: 3 biologically independent samples) and

kidney (control, n = 7; ll-l l-Tg. 12 = 4 biologically independent samples) oftamoxifen-

treated ll-l l-Tg. Colla2»»-CreE'R and control mice. l, Cardiac fibroblasts were incubated with

TGFfil or ll..-l l (5 ng ml'd) and EdU (l0 ttM mlml7 24 h), which was used to detect
replicating DNA by fluorescence by automated quantification of images (Operetta assay 12 z

7 measurements per 12 2 6 independent experiments). This analysis reveals a significant

increase in fibroblast proliferation (EdU‘ ell 3) induced by both TGF[31 and lL—l l. The

percentage of EdU l’ cells was normalized to the average detected in non-stimulated cells. m,

Cells were incubated with ‘TGFfil (5 ng tnlml, 24 h) and either an lgG control or anti-IL-ll

antibody (2 pg ml"1, 24 h). High—content imaging (Operetta assay 12 = 7 measurements per 1:

= 6 independent experiments) and quantification of proliferating cells show that anti—lL-ll

antibodies significantly reduce the effects ofTGFBl on fibroblast proliferation. The

percentage of EdU+ ells was normalized to the average detected in cells stimulated with

TOF{51 and lgG control. 11, Western blots show an increase in ll—ll protein expression in the

heart and kidney after tamoxifen treatment in ll-l l -'Tg, Colla2---CrcER mice. 0, Il—l l

transgenic mice were crossed with a Collaz— promoter, tamoxifen—inducible Cre mouse

strain (ll-l l-Tg). Six-week-old mice were treated with tamoxifen (1 mg per day) it)

consecutive days) to induce (Ire—mediated recombination. Likewise, wild—type littermates

Mauro. Author manuscript; available in PMC 2018 February ()9.
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were injected with tamoxifen for it) consecutive days as controls. The mice (control

creatinine, 12 I 5; ll-l l-Tg creatinine, 11 z 4; control urea, H z 6; 11-1 l-Tg urea, H z 4; control

Tgffil , 17 = 6; 11—1 l—Tg Tngl. I}: 4 biologically independent samples) were euthanized 14

days after cessation ol‘tamox ifen administration. Serum urea and creatinine increased and

indicated renal impairment. We aiso observed an increase in circulating ’l‘gflSl levels. p,

Collagen content (HPA assay) in atrium (control, 1) 2 l1; ll~1 l~Tg. 11 = 4 biologically

independent samples) from tamoxifentreated or control ll-l l-Tg mice. Data are mean i s.d.

(e, f. h, k. 0); box-and-whisker plots (g. j, l, m, p) show median (middle line), 25“]“7531

percentiles (box) and 10th~90th percentiles (whiskers). Sidak~correcte¢ two—tailed Student’s

t—test (e, j, k) or two-tailed Student’s r-test (tlh, m, o. p) or Dunnett's test ('1). *P< 0.05; M'P

< 0.0l; ***P< 0.001; ****P< 0.0001.

nature. Author manuscript; available in PMC 2018 February ()9.

Ex. 2001 - Page1645



Ex. 2001 - Page1646

idginsnuemJoggingmodernise”mum‘s;
msnuewJGLngETkj

rSflugwjoining
3,.

Schafer et a]. Page 28

w

 

  

systolicstoodpressur»in
   

,7 we ~5 d: ‘332 ~13 1 2 3 :l 5 G Y '8 Q ”20111213141518171518202‘22232R2326272éDays of Aoglf infusion
2‘23

155

10b
 

50DIaS’JJliCwoodpres-5m:{mom}a
   7 '8 91011 mum 1518771}? 1920 2': szzazhsmeizsDays of {vigil infusion 

  
 36:35

1GB

5;»Syslaiwelemmesa-uminnit-i3}n
2242526272837- W :24") 1 2 3 4 5 6 7 8 {110H1213141538?718192b2l222Days of Angst? :nfusron

2%

151‘.

 DiastolicbzocdmESSUKi(row-lg)g.
 
 

T“ “1‘“7“‘f"T"1“‘1“‘V‘T“T“1‘“r“¥“T“T“f“‘l’“‘l‘“T‘Y“‘f“T“T“1“‘l‘“‘i""T“1“"‘“f"1
3-2», 01 2 3 it 5 8 ( 93933732 ”141518”1819292722232425262728A r i ‘. mien    

 
(D

A

‘stockyinn/s} M0)

Extended Data Figure 8. Il~ll inhibition does not alter blood pressure after AngII treatment

111 Ire]3"” wild—type (17: 4 biologically independent samples) and 1/] 1121*"; knockout (.17 z

5 biologically independent samples) mice were injected with Angll (2 mg kg”1 per day, 28

days). a, b, Systolic (a) and diastolic (’b) blood pressure was measured by in 1v’1'I’C7tClCHlClry

for one week before and four weeks after the Angll infusion. Systolic (er) and diastolic ((1)

blood pressure for individual mice. Angll resulted in an increase in blood pressure as

expected. The genotype did not have a significant elfect on blood pressure. e, Aortic motor

arch velocity ofthe blood. There was no significant ditlerence in the degree of aottic

Nature. Author manuscript; available in PMC 2018 February ()9
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constriction in the TAC model bclwecn genotypes (11 = 6 biologically independent samples).

Two-sided Mann-"Whitney U—iest (e). us, not significant. Data are mean 2%: 5d. (a, b, e).
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Extended Data Figure 9. Reduction in collagen deposition in [[1 Iru1_/_
of p38 MAPK signalling

1U [rail/I+ mice (control, 12 = 13; Angll, 11 2 l0 biologically independent samples) and

animals is independent

I]]11;21""f" miec (control, 11 = 5; Angll7 11: 7 biologically indcpcndeni samples) were

injected with Angll (100 pg kg"1 per day, three weeks). a. HPA assay of ventricular tissue

shows a decrease in collagen deposition in 1/11r31’""’" mice after Angil infusion. 13, indexed

heart weight of Wild—type (control, 11: 17; Angll, 11: 17 biologically independent samples)

and 1]] 112? 1"” (control, 11 Z 8; Angll, 11 Z 9 biologically independent samples) mice after

Angll injection. c, Indexed heart weight of I1] 113 PM," (control, 11 = 4; TAG, 11 = 6

biologically independent samples) and [11 1131"”; (control, 11 = 6; TAC. 11 = 6 biologically

independeni. samples) mice afie r TAC. cl, Kidney weight of 111112114“ (control, 11 Z 5; folate,

11: 8 biologically independent samples) and [lIIraf"l” (control. 12 = 6; folate, 11 2 5

biologically independent samples) mice three weeks after folate injection (l80 mg kg’l). a~

d, Sidak—corrected. two-tailed Students l—test. Data are mean i so. cog, Western blot of p38

MAPK signalling in tissues of .TZ/1123'f'”Dr and [I] 1129 l"’"" mice after Angll infusion (e), TAC

(f) or folate treatment (g). h, Schematic showing the proposed role of lL—ll fibroblasts. An

autocrine loop of lL-i l signalling is required to feed-forward changes in pro-tibrotic mRNA

nature. Author manuscript; available in PMC 2018 February ()9
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abundances to the protein level by activating translational processes that are ERK—

dependent. Blocking this loop limits fibrosis caused by multiple upstream stimuli and

fibrosis in preclinical models ofhean and kidney disease.

Extended Data Table 1

84 patients undergoing coronary artery bypass grafting donated right atrial biopsiesidgzgsamewinning
 DEB‘IOGRAPHICS

Age (years) 60.2 & 7.2

Sex (Mil?) (191’ l 5

Race {_ CH.P'MYx‘lN f'olhcr) 53 1'1 21' l 6.33

Height (in) l.6i OJ

\Vcilet (kg) 70.3 t 12.0
? ° . .
a: Waist Circumference (cm) 93.6 I 11.2
52 Hip Circumference m) 97.0 i 9.5
g Systolic 131' (mmHg) 128.5 + 17.153}
:3 Diasmlic HP (iang) 73.0 i 9.2E
{I}

g NIEDICA l. HISTO RY

“It:I llypertensmn (Y/N) 7418

Smoking (YEN/Tin) 12/4 l :"29

Myocardial infarct OWN) 33/40

Atrial fibrillation" (Y/N) 51’74

Diabetes lY/N) 50134

Diuretic (Y/N ) 8/76

a Beta Blocker (Y (N) 74/ ll]

E3 Nitrate ism) 52/32“.5

E Insulin (YN) 13.371

g Oral miti~dia belie (Ys’N) 42141E

g ACE or ARE (YEN) 46538
:3 . Stann (YIN) 8014

W Calcium antagonist (YIN) 26/56

ECG DATA

PRO/:15) l74 i 29

QRS (mi) 93.8 i l5.5

QT ms 4155 T 35.3
{2, ( ),1}. Heart. rate (ppm) 690 i 11.0

53"“4 BLOOD TESTS
:5"m.
{It} . , ~ . ,.
:5 Hemoglobin (9L) 11.6 i 1.0

g} Urea lmM/L) 5.7 :k 2.2

{'5 Cmatiniuc (ithL) 101.1 1. 70.1

"J’ Fasting glucose (inM/L) 7.9 + 3.5
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ECHO DATA

LVHF (“/rr) 52.3 3: L79

Left atrial area (cm?) All i 0.7
LVlDd (cm) 4.9 t .7

LVle (cm) 3.3 .1 0.8
EA Ratio l.l 1r 0.7

BIOPSY

Biopsy weight (mg) 94.6 3: 59.5

Categorical data, are presented as yes (Y) or no (N). unless otherwrse indicated. Echocardiography (Echo l darn: left
ventricular ejection fraction tLVEf‘t, left ventricular internal diameter in diastole ( LVlDd). left ventricular internal diameter
in systole (LVle). mitral it'slve inflow measured as ratio of peak velocity flow in earl‘ 'iastole (E) compared to late 

diastole (A) caused by atrial contraction {ii/A) ratio. Atrial fibrillatioifi” refers to any present or previous history of atrial
fibril-anon, Quantitative data represented as mean .Lso. C11, Chinese: 12x, ex-srnnker: 1N. lndian sub« continent; MY.
Malaysian.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure l. Fibrosis target discovery platform identifies IL—11

a, RNA—seq ofptitnary cardiac fibroblasts (n = 84 biologically independent samples) with or

without TGFfil treatment {5 n g ml“, 24 h) and Spearman’s correlation of expression

changes with fibroblast, activation (Supplementary Table 2). DESCqu fold change in

expression and false-discovery rate (FDRl—adjusted Pvalues are shown. 1), RNA expression

in transcripts per million (TPM) of [Ll/RA and [[6]? across 5l2 cell lines from the

FANTOM repository”. c, Single-cell resolution ofcardiac [111’ expression (more than 0

reads per cell). I—distributed stochastic neighbour embedding (zSNE) analysis28 clusters cell

types ofthe heart. Ill/expression is highly enriched in fibroblasts X2 test (P: 5.7 ‘2’- 1M).
(1. ISNE analysis of fibroblasts alone shows highest ll-ll expression in EChrl-secreting and

TGFfil—activated fibroblasts. 252 test (P: 0.033). c, (1, Cardiac cells were sequenced from 11
= 1 mouse) the experiment was repeated once with similar results. (2, f, Representative

images (chosen from 42 per condition) ol‘cardiac fibroblasts immunostained for ACTAL

collagen l or periostin ('POSTN) after a 24-h incubation without stimulus (control), TGFEE

or lL-ll (5 ng nil—1) (e) or with TGFfil (5 ng ml“) and an anti—lL-ll neutralizing antibody

or an lgG control (2 pg iiil"l) (f). g. Cardiac fibroblasts were seeded in collagen gel and the

area of contraction determined (a 2 3 biologically independent samples) alter 72 h. h, Trans—

well migration assay (colotn‘imetrically quantified= n z 3 biologically independent samples,

24 h). i, Scratch assay of wound closure in a monolayer of cardiac fibroblasts (12 z 5

Nature. Author manuscript; available in PMC 2018 February ()9
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biologically independent samples) after 24 h. g—i, Two-tailed Student‘s t—test; data are mean
 
: S.d.; *P< 0.05; **P< 0.01.
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.o

Chang»:inPM.)

- rascam Signal: mi 35' K031x 15* 
Figure 2. Non—canonical IL~11 signalling drives fibrogcnie protein synthesis

3. b, RNA—seq ofprimary cardiac fibroblasts in response to TGFfil (a) or lL-l l (b) (12 z 6

biologically independent samples, 5 ng {Ill—1, 24 h). Red indicates significantly differentially

expressed genes (FDR S 0.05, DEsquIO). RNA expression of gcncs associated with fibrosis

is not increased by lL-l 1 treatment. t'c. fold change. c. ELlSA and quantitative PCR with

reverse transcription (RT»-ql’CR) assays of lL—ll expression (11 = 3 biologically independent

samples) after hypcrlL-l l treatment (0.2 ng ml" 1:). Benjainini--l-locliberg corrected one-way

ANOVA; data are mean i so. Inset, western blot of cardiac fibroblast lysatcs after

hyperlL-ll stimulation and brefeldin A (BEA, l pg ml" 1) treatment indicates canonical

secretion of lL—l l. d. Cardiac fibroblasts were incubated with TGFfil , IL—ll (5 ng ml”) and

MEK inhibitors U0126 or PD98059 ('10 uM, 24 l1). ACIAF cells and ECM production was

assessed and normalized to non—stimulated cells. 0, Western blots of phosphorylaied protein

(13-) expression ol‘signalling pathways in cardiac fibroblasts in response to various pro-

fibrotic stimuli (see also Extended Data Fig, 5). f, ELISA (supernatant, 12 = 3 biologically

independent samples) and RT»-qPCR (n = 2 biologically independent samples) of lL—ll

expression in cardiac fibroblasts afier 24 h stimulation with Angli (100 nM), CTGF (50 ng

ml" 1), EDNl (250 ng mil), bl'?Gl7 (‘10 ng ml" 1 ), lL-l3 (100 ng ml" E‘), OSM (100 ng ml" 1 ),

PDGF (200 ng ml”) and TGFfil ('5 ng ml”). Two-tailed Dunnett’s test; Data are mean i

s.d. g, Cardiac fibroblasts were incubated with pro—fibrotic cytokines (24 h) and cardiac

fibroblast activation was reduced by anti—lL-l l antibodies (2 pg ml" 1; Extended Data Fig,

6). h, Pro-fibrotic proteins (Operetta assay a Z 7 measurements per [1 2 2 independent

experiments) are not upregulated in cardiac fibroblasts from [1111171"""”' mice in response to

TGFfil, lL- ll ('5 ng nil'l) or Angll (100 nM, 24 h). Experiments were repeated twice with

Nature. Author manuscript; available in PMC 2018 February ()9.
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similar rcsulls. Two-tailed Dunnetx's test; box—and—Whisker plots Show median (middle line ),

25th-n75th percentiles (box) and lOtli---9()th percentiles (whiskers); **** P< 0.0001; NS, not

significant.
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Figure 3. {Hi causes cardiovascular fibrosis and organ failure

a! Representative histologicai images of the epicardium with Masson’s trichrome staining

and ACTA2 immunostaining in mice with myocardial infarction (Ml) treated with rmIL—l l

or PBS. 1), c, Epicardial thickness of regions distal (h) or proximal (c) to the region of

myocardial infarction. a—c, Sham. 17: 5; myocardial infarction. 17: 6; myocardial infarction

+ rmll—l l” 12 = 8 biologically independent samples (1, e, Echocardiography Show a decrease

in ejection fraction (d) and increase in end—systolic volume (ESV) (c) after myocardial

infarction and mill-l 1 treatment (sham. fl: 3; myocardial infarction, myocardial infarction

+ rmll—l l , 12 = 5 biologically independent samples), be. two—tailed, HolnrrSidak—cotrected

Student’s t—test; Data are mean i s.d. f, Representative histological images (chosen from

control, 11 : 3; rinll-ll injection, [1 2 4 biologically independent samples) of tissues from a

Coll ai VVVGFP—reporter mouse after rinlL—l i injection (100 pg kg“1 per day, three weeks). g,

Serum urea and creatinine levels after rinlL-ll injection (control urea, 11 = 8; control

creatinine, n z 7; nnli-l l, 11 ; l2 biologically independent samples). 11, Reduced ejection

fraction (echocardiography) in rnill- l l-treated mice. i, Hydroxyproline assay (HPAV)

nature. Author manuscript; available in PMC 2018 February ()9
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quantifies cardiac and renal collagen content after rmlL—ll treatment. h, i> Control, 11 = 8;

mill—l l, 11 a ll biologically independent samples. j. Representative histological images of

Masson’s trichrome staining and ACTAZ immunostaining in the epicai‘di‘um Il—l l-Tg mice.

k, HPA indicates cardiac and renal collagen content in ll—l l—Tg mice. 3', k, Control: 17: ll;

ll—l l—Tg, 11 z 4 biologically independent samples. i. k, Two—tailed Student‘s [—test; box—and—

whisker plots Show median (middle line), 251l1~75tli percentiles (box) and l0tli~90th

percentiles (whiskers). 1, Reduction in ejection fraction techocardiography) in 11-1 l—Tg mice

(control, 11: 6; ll-l l-Tg, n == 4 biologically independent samples). g, l1. 1. Two-tailed

Student’s t—test; data are mean i sd; *P< 0.05; **P< 0.01; ***P< 0.0m; ****P< 0.00m.
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Figure 4. Inhibition of 1141 reduces cardiovascular fibrosis

a, Western blot of cardiac ll—l I after Angll infusion ('2 mg kg"1 per day for 28 days). I), c,

Representative histological images (b; Masson‘s trichronie staining) and collagen content (c)

in the atrium of 11/ hall/'l' (control, 1): l2; Angll. n= 9 biologically independent samples)

and 11] 1131"“ (control, n z 5; Angll. 17 = 7 biologically independent samples) mice. d.

Western blot of cardiac ERK activation after Angll infusion. 9, Western blot of cardiac ll—l l

after transverse aortic constriction (TAC). f, g, Representative histological images (f;

Masson‘s trichrorne staining) and collagen content. g; HPA of hearts from 111[rail/‘2

(control, 17: 4; TAC: 17: 6 biologically independent samples) and 1111131““ (control. 11: 6;

TAC, n = 6 biologically independent samples) mice after TAC or sham operations. 11,
Western blot of cardiac ERK activation after TAC. i. Western blot of renal ll—ll alter folate

treatment (180 mg kg”). j, k, Representative histological images ('3'; Masson’s triclirome

staining) and collagen content (k; HPA assay) of kidneys from 11111‘all'il' (control, 11 z 5;

folate, 11 z 9 biologically independent samples) and 111 11:11“; (control, n = 6; folate, n = 5

biologically independent samples) mice. c, g. k, Two-tailed, Sidak—corrected Student’s r—test;
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data are mean i s.d. NS not significant. 1, Western blot ofrcnal ERK activation after folate
treatment.

JVdIUI‘C‘. Author manuscript; available in PMC 2018 February ()9

Ex. 2001 - Page1659



Ex. 2001 - Page1660

Doc Code: TRAN.LET

Document Description: Transmittal Letter
USED IN LIEU OF PTO/SB/21 (07-09)

TRANSMITTAL

FORM

(to be used for all correspondence after initial filing)

15/988,463-Conf. #7597

WM 2018

Stuart Alexander Cook

1629

ENCLOSURES (Check all that apply)

|:| Fee Transmittal Form

D Affidavits/declaration (s)

:l Extension of Time Request

:| Express Abandonment Request
X Information Disclosure Statement

|:| Drawing(s)

|:| Licensing-related Papers

|:| Petition
Petition to Convert to a
Provisional Application

Power of Attorney, Revocation
Change of Correspondence Address

|:| Terminal Disclaimer

|:| Request for Refund

|:| CD, Number of CD(s) 

 
Alter Allowance Communication
to TC

Appeal Communication to Board
of Appeals and Interferences

Appeal Communication to TC
(Appeal Notice, Brief, Reply Brief)

Proprietary Information

:| Status Letter
Other Enclosure(s) (please
Identity below):

PTO Form—1449

Copies of cited references

Certified Copy of Priority
Document(s)   Landscape Table on CD 
 

Reply to Missing Parts/
Incomplete Application

 
Reply to Missing Parts
under 37 CFR 1.52 or 1.53

WOLF, GREENFIELD & SACKS, P.C.

Signature

-/Amy J. McMahon/
Printed name Amy J_ McMahon. PhD 

Date June 5, 2018

Certificate of Electronic Filing under 37 C.F.Ft. § 1.8
I hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being transmitted via the Offices electronic
filing system in accordance with 37 CFR. § 1.6(a)(4)

Dated: June 5, 2018 Signature: /Nathanie| W. Taylor/ (Nathaniel W. Taylor)

 
63499331

Ex. 2001 - Page1660



Ex. 2001 - Page1661

DOCKET NO.: M0546.70012USOI

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: Stuart Alexander Cook

Application No.: 15/988,463
Confirmation No.1 7597

Filed: May 24, 2018
For: TREATMENT OF FIB ROSIS

Examiner: Not Yet Assigned
Art Unit: 1629
 

CERTIFICATE OF ELECTRONIC FILING UNDER 37 C.F.R. § 1.8

The undersigned hereby certifies that this paper, along with any paper referred to as being attached or

enclosed, is being transmitted Via the Office electronic filing system in accordance with § l.6(a)(4), on the 5th day of
June, 2018.

_/Nathaniel W. Taylor/
Nathaniel W. Taylor 

MAIL STOP AMENDMENT

Commissioner for Patents

PO. Box 1450

Alexandria, VA 223 13— 1450

STATEMENT FILED PURSUANT TO THE DUTY OF

DISCLOSURE UNDER 37 C.F.R. 1.56 1.97 AND 1.98

 

Sir:

Pursuant to the duty of disclosure under 37 C.F.R. §§ 1.56, 1.97 and 1.98, the

undersigned requests consideration of this Information Disclosure Statement.

PART 1: Com liance with 37 C.F.R. 1.97

This Information Disclosure Statement has been filed within three months of the filing

date of a national application other than a continued prosecution application under

37 C.F.R. § 1.53(d).

No fee or certification is required.

PART II: Information Cited

The undersigned hereby makes of record in the above—identified application the

information listed on the attached form PTO—1449 (modified PTO/SB/08). The order of

63492121
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Application No.: 15/988,463 - 2 - Art Unit: 1629
Conf. N0.: 7597

presentation of the references should not be construed as an indication of the importance of the

references .

The undersigned hereby makes the following additional information of record in the

above-identified application.

The undersigned would like to bring to the Examiner’s attention the following co-

pending application that may contain subject matter related to this application:

Serial No, M W1) Docket No.  *15/381,622 December 16, 2016 Cook et a1. M0546.70012US00
*A copy of this reference is not provided as the Office has waived the requirement under 37 CPR § l.98(a)(2)(iii) for submitting a
copy of a cited US. patent application if it is scanned to the Image File Wrapper system and is 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 Mailin_ T_-e(s) of Communication

International Preliminary
PCT/EP2016/081430 11-06-2017 Report on Patentability PCT/EP2016/081430 04-18-2017 Internailonalrsef'IZCh Report

and Written Opinion

PART III: Remarks

Documents cited anywhere in the Information Disclosure Statement are enclosed unless

otherwise indicated. It is respectfully requested that:

l. 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/OS) be signed by the Examiner to

evidence that 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.

63492121
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Application No.: 15/988,463 - 3 - Art Unit: 1629
Conf. N0.: 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, or that

more relevant information does not exist.

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. § l.56(b).

By submitting this Information Disclosure Statement, the undersigned makes no

representation that the information cited in the Statement is, or is considered to be, in fact, prior

art as defined by 35 U.S.C. § 102.

Notwithstanding any statements by the undersigned, the Examiner is 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 overpayment in

the fees occasioned by the filing of this Information Disclosure Statement to our Deposit

Account No. 23/2825 under Docket No. M0546.70012USOl from which the undersigned is

authorized to draw.

Respectfully submitted,

By: /Am J. McMahon/

Amy J. McMahon, PhD, Reg. No. 73,073

Wolf, Greenfield & Sacks, PC.
600 Atlantic Avenue

Boston, Massachusetts 02210—2206

Telephone: (617) 646-8000
Docket N0.: MO546.70012U301

Date: June 5, 2018
XNDDX

63492121
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Sequence Listing was accepted.

See attached Validation Report.

"I you need help call the Patent :1ectronic Rusiness Center at (866)

2L7—9l97 (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

AppHcafion No: 15988463 Vergon 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) O min(s) l sec(s) 872 ms

Total Warnings: 75

Total Errors: 1

No. of SquDs Defined: 77

Actual SquD Count: 77

        
Enorcode EnorDescfipfion

23 287 Invalid WIPO ST.2 date format; Use (YYYY—Mfl—DD) in <141>

W M7 n or Xaa used, for: SEQZD(_1) on nine numoer 259

W 1‘7 n or Xaa used, for: SEQZD(_1) on nine numoer 259

W ‘17 n or Xaa used, for: SEQZD(_2) on nine numoer 274

W M7 n or Xaa used, for: SEQZD(_2) on nine numoer 274

W 1‘7 n or Xaa used, for: SEQZD(.3) on nine numoer 289

W ‘17 n or Xaa used, for: SEQZD(.3) on nine numoer 289

W M7 n or Xaa used, for: SEQZD(_4) on nine numoer 304

W 1‘7 n or Xaa used, for: SEQZD(_4) on nine numoer 304

W ‘17 n or Xaa used, for: SEQZD(.5) on nine numoer 319

W M7 n or Xaa used, for: SEQZD(_5) on nine numoer 319

W 1‘7 n or Xaa used, for: SEQZD(.6) on nine numoer 334

W ‘17 n or Xaa used, for: SEQZD(.6) on nine numoer 334

W M7 n or Xaa used, for: SEQZD(_7) on nine numoer 349

W 1‘7 n or Xaa used, for: SEQZD(_7) on nine numoer 349

W ‘17 n or Xaa used, for: SEQZD(.8) on nine numoer 364

W M7 n or Xaa used, for: SEQZD(_8) on nine numoer 364

W 1‘7 n or Xaa used, for: SEQZD(.9) on nine numoer 379

W ‘17 n or Xaa used, for: SEQZD(20) on nine numoer 394

W M7 n or Xaa used, for: SEQZD(21) on nine numoer 409
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Input Set:

Output Set:

Started: 2018—05—24 15:10:39.568

Finished: 2018705724 15:10:41.440

 

Elapsed: O hr(s) 0 min(s) l sec(s) 872 ms

Total Warnings: 75

Total Errors: 1

No. of SquDs Defined: 77

Actual SquD Count: 77

Error code Error Description

W 447 n or Xaa used, for: SEQID(22) on line number 424
This error has occured more than 20 times, will not be displayed
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SEQUENCE LIS"ING

 Atd

gcctcccctc

gaagggttaa

gacatgaact

qtcgcccctg

gacagcaccg

<"10> Singapore Health Services Pte

National University of Singapore

<120> Treatment of Fibrosis

<"30> M0546.70012U801

<"40> US 15/988,453
<"4l> 2018—05—24

<150> 15/381622
<151> 2016—12—16

<"50> GB1522186.4

<"5l> 2015—12—16

<"60> 77

<,70> PatentIn version 3.5

<210> 1

<211> 2381

<21 > DNA

< 13> Homo sapiens

<400> 1

actgccgcgg ccctgctgct cagggcacat

accctcgggg ctcccccggc agcggacagg

cctgccctgg ggaacccctg gccctgtggg

qtcgtgctga qcctqtqgcc agatacagct

cgagtttccc cagaccctcg ggccgagctg

ctggcggaca cgcggcagct ggctgcacag

cacaacctqq

ctcccaggtg

tggctgcgcc

caggcccgac

ccccagccac

ggcatcaggg

aggggactgc

tccaaagcca

tccccccgcc

attccctgcc

tgctgacaag

gggcaggtgg

tggaccggct

ccccggaccc

ccgcccacgc

tgctgctgaa

gatcttattt

attatctccc

caccctggcc

gctgcgagcg

ctcttccctg

gctgcgccgg

gccggcgccc

catcctgggg

gactcggctg

atttatttat

cctagttaga

ctgagggaca

atqaqtchq

gacctactgt

aagaccctgg

ctgcagctcc

ccgctggcgc

gggctgcacc

tgacccgggg

ttcagtactg

gacagtcctt

cccaggccgc

aggcccccgg

gtgtttgccg

ggccaccacc

tgctcctgac

aattcccagc

qqqcactgqg

cctacctgcg

agcccgagct

tgatgtcccg

ccccctcctc

tgacacttga

cccaaagcca

ggggcgaaac

ccgtgaggcc

ggcccagctg

ctccctgccc

cctggtcctg

tqgcccccct

ccgctctctc

tgacggggac

agctctacag

gcacgtgcag

gggcaccctg

cctggccctg

agcctggggg

ctgggccgtg

ccaccgtcct

agccaggtga

tggggggcat

180

240

300

360

420

480

540

600

900

Ex. 2001 - Page1667



Ex. 2001 - Page1668

ctgtgcctta

ggtccccgag

cagacttctg

aagcaattac

acaaaaatgt

ccacttgagg

agqtqgaqqq

gatgggtcgg

gcactgcata

qgagtgcaqt

tcctgcctca

tatttatttc

tcgaactcct

gtgtgagcca

agtcaccctg

tatggctgtg

gcaacatggt

cagggaggct

gcatggtggc

aagtccaaga

qaatqatgtc

ttgtgttttt

tgttgacaat

qtqtatqatt

ttttaaaaat

<210> 2
<211> l9

<212> DNA

<213> Homo

tttatactta

gaggagggga

ccctggctct

ttttcatgtt

gagaaacctt

gcgatttgtc

qaqacctcca

tcacccagac

gggccttttg

gaggcaatct

gcctcccgat

ttttgtattt

gacctcaggt

ccacacctga

tgatcaacag

ttcaccatag

gcatctgtgg

aaggagagag

tcacgcctgt

gttcgagacc

ctqacatgaa

ctttctatat

gactgtctcc

qtctqtattt

aataaacact

sapiens

tttatttcag

ctggggtccc

tccccatcta

ggggtgggga

tgtgagacag

tgagagctgg

ttcaqgtgqa

agctctgtgg

tttgtttttt

gaggtcactg

tagctgggat

ttagtagaga

gatcctcctg

cccataggtc

tacccgtatg

caaactggaa

atagaacgcc

gcttgcttgg

aatcctggca

qgcctgcgag

acagcaqgct

atggattaaa

aggtcaaagg

tacaqaattt

atttttagaa

gagcaggggt

ggattcttgg

ggcctgggca

cggaggggaa

agaacaggga

ggctggatgc

qgtcccqaqt

aggcagggtc

gagatggagt

caacctccac

cacaggtgtg

cagggtttca

cctcggcctc

ttcaataaat

ggacaaagct

acaatctaga

acccagccgc

gatatagaaa

ctttgggagg

acatggcaaa

acaaaaccac

acaaaaatcc

agagaggtgg

ctqccatgac

taacagaaaa

gggaggcagg

gtctccaaga

ggaacatata

agggaagcct

attaaatgtg

ttgggtaact

gqchgqgca

tgagccttgc

ctcgctctgt

ctcccgggtt

caccaccatg

ccatgttggc

ccaaagtgct

atttaatgga

gcaaggtcaa

tatccaacag

ccggagcagg

gatatcctga

acgaagcgag

accctgtctc

tqcatqctqt

taaagggaaa

gattgtgggt

tqtgtatttt

tggactcctg

agtctgtcca

ttatttattt

gggtttttgt

tcatacatat

ggggcagggc

chactnga

ctggggcccc

tgcctaggct

caagcaattc

cccagctaat

caggctggtt

gggattacag

aggttccaca

gatggttcat

tgagggttaa

gactgtcatt

cattggccag

tggatcactg

aaaaaagaaa

gatcccaatt

tacgccaaaa

gacttttaat

gcatqacaca

.260

.320

.380

.440

1500

.560

.740

.800

.860

L920

 
.980

2040

2100

2160

2340

2381
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<400> 2

ccttccaaag

<2l0> 3
<2ll> 19

<212> DNA

<213> Homo

<400> 3

gcctgggcag

<210> 4

<211> 19

<212> DNA

<2l3>

<400> 4

cctgqgcaqg

<210> 5

<2ll> 19

<~l > DNA

< 13>

<400> 5

ggttcattat

<210> 5

<2ll>
<212>

<213>

DNA

<400> 5

gCtgtagctg

gatgagcagc

thththc

agggaggtcC

tcgggatgqg

cctgqcccaq

acttgggggc

ccaagcagcC

acccacccgc

gaggagtcca

1696

Homo

ccagatctt

Sapiens

gaacatata

Homo Sapiens

aacatatat

Homo Sapiens

ggctgtgtt

Sapiens

gtgagaggaa

agctgctcag

tccccctgcc

gtgaagctgt

gagccaaagc

qcagacagca

aCagtgaccc

gactatgaga

tacctcacct

tccacagggc

gtcctagagg

ggctgagcag

cccaqgcctg

gttgtcctgg

tgctccaggg

ctqatgagqg

tgcagctggg

acttctcttg

cctacaggaa

cctggccatg

ctatggacac

ggtcctggtg

ngcccccca

agtgactgcC

acctgactct

cacctacatc

ctaccctcca

cacttggagt

gaagacagtc

cccacaggat

tctgctgctg

gCCgtngta

gqqgtccaqt

ggggacccag

gggctagggc

thCaqaccc

gCCCgccctg

cccagccaga

Ctaggagctg

cccctagggg

ggatcaccga

Cagccctggt

atqqqcagCC

tgtcctggtt

atgaactggt

tqqatqqtgc

ttgtctcctg

tcagcggttt

atagccagag

Ctgcccgctg

l9

19

19

19

60

120

180

360

420

480

600
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tgttgtccac

actgggtgcc

accccagggc

gacataccct

ccgtccggcg

cacagatgct

tgctggcacc

accaaaggag

ggacagccct

ggactctgtg

qgtgqctqqq

atccccaaag

aaacctgtag

tgtggataga

gtttggagcc

cctctgattt

gtgtccatgt

qtatqtaggt

tgcaggtgtg

<210> 7

<211> l9

<212>

<213>

DNA

Homo

<400> 7

ggaccatacc

<210> 8

<211> l9

<212> DNA

<2l3> Homo

<400> 8

gcgtctttgg

ggggctgagt

agcacacgcc

ctgcgggtag

gcctcctggc

cagcatccag

gtggctgggc

tggagcacct

ataccagcat

gctcctccaa

gagcaggtag

qccctgqcac

cctgggttct

aggacccagg

aaccaggcag

catttctgtg

caccccagag

gtgaccatgt

qcctngaqt

aataaa

sapiens

aaaggagat

sapiens

gaatccttt

tctggagcca

tgctggatgt

agtcagtacc

cgtgccagcc

cctggtccac

tgccccatgc

ggaqcccgga

ggggccagct

ggccctccct

ctgtgctggc

tqqqqctctq

tggcctcagt

agggcttcgg

gacagtagat

agaccctgta

ttggagttct

gtctgtgaag

qtqtqtqgtc

gtaccggatt

gagcttgcag

aggttacccc

ccacttcctg

ggtggagcca

tgtacgagtc

qgcctgnga

acacacgcag

ccaaccacac

gtctttggga

qctqagqctq

gattccagtg

cagattccac

ccctatggtt

tttcaaattt

gctcaaggaa

gccagggaac

cttgctctqg

aatgtgactg

agcatcttgc

cgacgcctgc

ctcaagttcc

gctggactgg

agtgcccggg

actccgagca

ccagaggtgg

cctcggctac

atcctttctt

aqacqqqgtg

gacaggcgtc

ctataattct

ggatctcagc

gcagctgaaa

cgtgtgtaat

atgtattcct

ccctttccct

aggtgaaccc

gccctgaccc

gagccagctg

gtttgcagta

aggaggtgat

actttctaga

ctgggaccat

agcctcaggt

ttgatcacag

tcctgggact

qqaaqgatqg

caggagctcc

gtcttgctgg

tggaagttct

ggtgcttgta

gtgtacatct

ctgcatgcat

tqcangttg

900

960

1020

.080

.140

.200

.380

L440

.500

.560

.620

.680

 
.696

19

19
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<210> 9

<211> 18

<212> DNA

<213> Homo sapiens

<400> 9

gcaggacagt agatccct

<210> 10

<211> 19

<212> DNA

<213> Homo sapiens

<400> 10

gctcaaggaa cgtgtgtaa

<210> ll

<211> 21

<212> RNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (20)..(21)

<223> n = deoxythymidine

<400> 11

ccuuccaaag ccagaucuun n

<210> 12

<211> 21

<212> RNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (20)..(21)

<223> n = deoxythymidine

<400> 12

gccugggcag gaacauauan n

<210> 13

<211> 21

<212> RNA

<213> Homo sapiens

<220>

<221> miscifeature

<979> (20)..(21)

18

19
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<223> n = deoxythymidine

<400> 13

ccugggcagg aacauauaun n

<210> 14

<21l> 21

<212> RNA

<213> Homo sapiens

<220>

<221> misc_feature
<222> (20)..(21)

«

<223> n = deoxythymidine

<400> 14

gguucauuau ggcuguguun n

<210> 15

<211> 21

<212> RNA

<213> Homo sapiens

<220>

<221> miscifeature

<222> (20)..(21)

<223> n = deoxythymidine

<400> 15

ggaccauacc aaaggagaun n

<210> 16

<211> 21

<212> RNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (20)..(21)

<223> n = deoxythymidine

<400> 16

gcgucuuugg gaauccuuun n

<210> 17

<211> 21
<212> RNA

<213> Homo sapiens

21

21

21

Ex. 2001 - Page1672



Ex. 2001 - Page1673

<220>

<221> miscifeature

<222> (20)..(21)

<223> n = deoxythymidine

<400> l7

gcaggacagu agaucocuan n 21

<210> 18

<211> 21

<212> RNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (20)..(21)

<223> n = deoxythymidine

<400> 18

gcucaaggaa cguguguaan n 21

<210> l9

<21l> 51
<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26)”(26)
<223> n = G or A

<400> 19

gtaagggatg tgaatcgggt actgangaaa gagcctggat gcagagccag 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 gattagcatc tgtttgtatt t 51

<210> 21

<21l> 51

<212> DNA
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<213> Homo sapiens

<221> misc_feature

<222> (26)”(26)
<223> n = C or T

<400> 21

gtgtgattgc ttaaaaaaaa ctactnacat tgttttgaat cacacctcac a 51

<210> 22

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> (26)”(26)
<223> n = T or C

<400> 22

gctcagctaa tcaatgacca gtctcnttaa ttcttctaat gcctatatgg t 51

<210> 23

<211> 51

<212> DNA
\/

<213. Homo sapiens

<220>

<221> misc_feature

<222> (26)”(26)
<223> n = A or G

<400> 23

gcagtgctca gaagagcagc agccantgac attttggggc tataagaggt a 51

<210> 24

<211> 51

<212> DNA

<213> Homo sapiens

<220>

<221> miscifeature

<222> (26)”(26)
<223> n = C or T

<400> 24

tgtccagtaa atacttaaca ttttangtgc aatgtatgtc ataaatatgg g 51

Ex. 2001 - Page1674



Ex. 2001 - Page1675

<210>

<211>

<212>

<213>

<220>

<221>
<979>

<400>

gggtgaagtt tggaaacagg tatacnttgt gatgcaatcg tcagaaccaa g

/\

[\Jl\) NI\) [\)HC) VVV/\/\A
N N

[\J N w V

<400>

aaaccatagt atcatccttc ccaaanagtc aacccaggga atcacagaga t

<210>

<21l>

<212>
<213>

N N v

/\/\A [\JN NN [\)HC)
\/

V
A/\ [\J N W V

<400>

taagacgcta ttctctaatt ctgaanggaa gaactcctct cccaagacat g

<210>

<211>

<212>

<213>

25

51
DNA

Homo sapiens

miscifeature

(26) - - (26)
D

25

26

51
DNA

G or A

Homo sapiens

miscifeature

(26)..(26)
D

26

27

51
DN

Homo

A

C or T

sapiens

misc_feature

(26)..(26)
H

27

28

51
DNA

Homo

C or T

sapiens

misc_feature

(26) - - (26)
H

28

C or T
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aggtggaaca acacaaaggg tggggngagg cgtgcaattt aaacattttc t

<2lO>

<211>
<212>

<213>

VN N

N N

[\JHO
V

<22
<223>

<400>

tattagattt tgtgtgggat ttcatngtta catttgttac cagcccaatt t

<210>

<211>

<212>

<213>

<220>

<221>
<222>

<223>

<400>

gattccagtt ccaagtcaca tcatcnccag ctggaagacc tagggcaaaa g

<210>

<211>

<212>

<213>

<220>

<221>

<222>

<223>

<400>

accatgacgg tgtcctcatt gctttnacca ttagtaatca ttcattcatt c

<210>

<211>

<212>

<2l3>

<220>

<221>
<979>

29

51
DNA

Homo sapiens

misc_feature

(26)..(26)
n = C or A

29

30

51

DNA

Homo sapiens

misc_feature

(26) - - (26)
n = A or G

30

31

51

DNA

Homo sapiens

misc_feature

(26) - - (26)
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aacaaggtga cagacoaggg agtaangoct ctcagtgatg cottgagagt C 51
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<220>
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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

5 Interleukin 11 (IL-11) is disclosed.
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CLAIMS

We claim:

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-lL-11 antibody binds to |L-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 and is retinal fibrosis or

conjunctival fibrosis.

7. The method of claim 1, wherein the subject in need of treatment has a disease or

disorder selected from atrial fibrillation, ventricular fibrillation, hypertrophic cardiomyopathy

(HCM), dilated cardiomyopathy (DCM), pulmonary fibrosis, 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—lL—11 neutralising antibody.

9. The method of claim 1, wherein the method comprises administering said anti—lL—11

antibody to a human subject in which |L-11 or Interleukin 11 receptor (IL-1 1 R) expression is

upregulated.

51 54516.1
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10. The method of claim 1, wherein the method comprises determining, optionally in vitro,

whether |L-11 or Interleukin 11 receptor (IL-1 1 R) expression is upregulated in the human

subject and administering said anti—lL—11 antibody to a human subject in which |L—11 or |L—1 1 R

expression is upregulated.

11. A method of treating fibrosis in a subject, the method comprising:

(i) determining, optionally in vitro, whether |L—11 or an Interleukin 11 receptor (IL—1 1 R)

expression is upregulated in the subject; and

(ii) administering to a subject in which lL-11 or |L-11R expression is upregulated a

therapeutically effective amount of an anti—lL—11 antibody, wherein the anti—lL—1 1 antibody

binds to |L-11 and inhibits |L-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 disease or 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 and is retinal fibrosis or

conjunctival fibrosis .

17. The method of claim 11, wherein the subject in need of treatment has a disease or

disorder selected from atrial fibrillation, ventricular fibrillation, hypertrophic cardiomyopathy

(HCM), dilated cardiomyopathy (DCM), pulmonary fibrosis, 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-lL-11 neutralising antibody.

19. A method of treating fibrosis in a subject, the method comprising:

51545161
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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-1 1 R)

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 amount of an anti—

lL-11 antibody, wherein the anti-|L-11 antibody binds to |L-11 and inhibits |L-11 mediated

signalling.

20. The method of claim 19, wherein the fibrosis is fibrosis of the heart, lung, liver, kidney,

eye, or skin.
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TREATMENT OF FIBROSIS

RELATED APPLICATIONS

The present application claims priority under 35 USC § 119(a)—(d) to United Kingdom

Application No. 15221864, filed December 16, 2015. The entire contents of this application is

hereby incorporated by reference herein.

FIELD OF THE INVENTION

The present invention relates to the diagnosis and treatment of conditions such as fibrosis.

BACKGROUND TO THE INVENTION

Fibrosis is an essential process that is a critical part of wound healing. Excessive fibrosis is

common in 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), atrial fibrillation, ventricular fibrillation, myocarditis, liver cirrhosis, kidney diseases,

diseases of the eye, asthma, cystic fibrosis, arthritis and idiopathic pulmonary fibrosis. Despite

the large impact on human health, therapeutic and diagnostic approaches to fibrosis are still

an unmet medical need.

The real physiological role of Interleukin 11 (IL-11) remains unclear. lL-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 TGFB1 or tissue injury can induce lL—11 expression (Zhu, M. et al. lL—11

Attenuates Liver lschemia/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—1 1 ameliorates cardiac fibrosis 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 lL-11 in fibrosis is not clear from the published literature. lL-11 is thought to be

important for 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 ainNays
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obstruction. J. Clin. Invest. 98, 2845—53 (1996)) and its expression level is correlated with

collagen levels in the skin (Toda, M. et al. Polarized in vivo expression of |L-11 and |L-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 |L-11 is anti-fibrotic: in the heart (Obana, M. et

al. Therapeutic activation of signal transducer and activator of transcription 3 by interleukin—11

ameliorates cardiac fibrosis after myocardial infarction. Circulation 121, 684—91 (2010);

Obana, M. et al. Therapeutic administration of |L-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 |L—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 treatment of inflammatory disease. (1998). doi:10.1517/13543784191501). The

molecular mode of action of |L-11 in general, is thought to be regulation of RNA expression of

mRNA levels via STAT3—mediated transcription (Zhu, M. et al. |L—11 Attenuates Liver

Ischemia/Reperfusion Injury (IRI) through STAT3 Signaling Pathway in Mice. PLOS ONE 10,

(2015)).

SUMMARY OF THE INVENTION

One 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

inhibiting the action of Interleukin 11 (IL—11). The inventors have identified |L—11 to have a

pro-fibrotic action. The present invention is particularly concerned with inhibiting the pro-

fibrotic action of IL—1 1. Embodiments of the invention concern inhibition or prevention of the

|L-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 |L—11 may prevent or

reduce the binding of IL-11 to an IL-11 receptor.
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In some embodiments an agent capable of inhibiting the action of |L—11 may bind |L—11 to

form a complex comprising the agent and lL-11. The complex may be a non-covalent or

covalent complex. In some embodiments, the formation of the agent:lL—11 complex may

prevent or reduce the ability of |L-11 to bind to an |L-11 receptor. In some embodiments such

prevention or reduction may be the result of a reduction of the productive binding of |L—11 to

an lL-11 receptor, i.e. reduction in the ability of |L-11 to initiate |L-11 receptor mediated

signalling. In some embodiments formation of the agent:IL—11 complex may sequester |L—11

away from the |L-11 receptor, thereby preventing or reducing the contact of lL-11 with an IL-

11 receptor and/or preventing or reducing the amount of lL-11 available for binding to an lL-11

receptor. In some embodiments the agent may be a decoy receptor.

In some embodiments an agent capable of inhibiting the action of lL-11 may bind to an lL-11

receptor. An agent that binds an |L—11 receptor may prevent or reduce the ability of |L—11 to

bind to an |L-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 |L—11 or an |L—11 receptor (IL—1 1 R).

In one aspect of the present invention an agent capable of inhibiting the action of Interleukin

11 (IL-11) for use in a method of treating or preventing fibrosis is provided.

In another aspect of the present invention the use of an agent capable of inhibiting the action

of lL—11 in the manufacture of a medicament for use in a method of treating or preventing

fibrosis is provided.

In another 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 inhibiting the action of |L—1 1.

In some embodiments the agent capable of inhibiting the action of |L—11 is an agent capable

of preventing or reducing the binding of |L-11 to an |L-11 receptor.

In some embodiments the agent capable of inhibiting the action of lL-11 is an lL-11 binding

agent. lL—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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|L—11 binding agent is an antibody. In some embodiments the |L—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—1 1 R) binding agent. IL—1 1 R binding agents may be selected from the group consisting of:

an antibody. polypeptide. peptide, oligonucleotide. aptamer or small molecule. In some

embodiments the IL—1 1 R binding agent is an antibody.

In another aspect of the present invention an agent capable of preventing or reducing the

expression of |L—11 or |L—1 1 R for use in a method of 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 medicament for use in a

method of treating or preventing fibrosis is provided.

In another 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 or IL-11R.

In some embodiments the agent capable of preventing or reducing the expression of |L—11 or

IL-11R is a small molecule or oligonucleotide.

In some embodiments the fibrosis to be treated or prevented is fibrosis of the heart, liver or

kidney. In some embodiments the fibrosis to be treated or prevented is fibrosis of the eye. In

some embodiments 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. In some embodiments the fibrosis is in the liver and is associated with chronic liver

disease or liver cirrhosis. In some embodiments the fibrosis 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 |L-11 or |L-11R expression is upregulated. 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 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 subject in

which |L-11 or |L-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 |L-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 |L-11 is provided, the

method comprising determining, optionally in vitro, whether |L—11 or |L—1 1 R 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-11 R 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 |L-11 or with an agent capable of preventing or

reducing the expression of |L—11 or IL—1 1 R.

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, whether IL—11 or IL—1 1 R 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-1 1 R.

The method may further comprise selecting a subject determined to have upregulated |L—11 or

|L-1 1 R for treatment with an agent capable of inhibiting the action of |L-11 or with an agent

capable of preventing or reducing the expression of |L—11 or |L—1 1 R.
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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 |L—11 or

|L-11R expression, or of upregulation of |L-11 or |L-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 |L—11 or with an agent capable of preventing or

reducing the expression of IL-11 or IL-1 1 R.

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 |L-11 or |L-11R expression, or of upregulation of |L-11 or |L-11R activity.

The following numbered paragraphs (paras) describe further aspects and embodiments of the

present invention:

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 of inhibiting the action of Interleukin 11 (IL-11) in the

manufacture of a medicament for use in a method of treating or preventing fibrosis.

3. A method of 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 method of 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 |L—11 to an |L—11 receptor.

5. The agent for use in a method of 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 agent is an

|L-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 |L—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 |L—11 binding agent is a decoy receptor.

9. The agent for use in a method of 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 agent is an

lL—11 receptor (IL—1 1 R) binding agent.

10. The agent for use in a method of treating or preventing fibrosis, use or method

according to para 9, wherein the |L-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—1 1 R binding agent is an antibody.

12. An agent capable of preventing or reducing the expression of Interleukin 11 (IL—1 1) or

an Interleukin 11 receptor (IL-1 1 R) 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—1 1 R) in the manufacture of a medicament for use in a

method of treating or preventing fibrosis.

14. A method of 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—1 1) or an Interleukin 11 receptor

(IL-1 1 R).

15. The agent for use in a method of treating 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,

kidney or 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 disease or 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 the fibrosis is in the kidney and is

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 and is retinal

fibrosis, epiretinal fibrosis, or subretinal fibrosis.

21. 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 method of treating or preventing

comprises administering said agent to a subject in which lL—11 or lL—1 1 R 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 method of treating or preventing

comprises administering said agent to a subject in which lL—11 or lL—1 1 R 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 method of treating or preventing

comprises determining whether lL—11 or lL—1 1 R expression is upregulated in the subject and

administering said agent to a subject in which lL-11 or lL-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 |L—11 or an Interleukin 11 receptor (|L—

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 |L-11 or an Interleukin 11 receptor (IL-1 1 R)

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—1 1 R) 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 lL-11 or with an agent

capable of preventing or reducing the expression of lL-11 or lL-1 1 R.

29. A method of providing a prognosis for a subject having, or suspected of having

fibrosis, the method comprising determining, optionally in vitro, whether Interleukin 1 1 (IL-11)

or an Interleukin 11 receptor (IL—1 1 R) 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 |L—11 or with an agent capable of preventing or

reducing the expression of lL-11 or lL-1 1 R.

30. The method of para 29, wherein the method further comprises selecting a subject

determined to have upregulated |L-11 or IL-1 1 R for treatment with an agent capable of

inhibiting the action of |L—11 or with an agent capable of preventing or reducing the expression

of |L-11 or |L-11R.

31. A method of diagnosing fibrosis 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—1 1 R)

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—1 1 R.

34. A method of 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-1 1 R) expression, or of upregulation of |L-11 or |L-11 R activity.

BRIEF DESCRIPTION OF THE FIGURES

Embodiments and experiments illustrating the principles of the invention will now be

discussed with reference to the accompanying figures in which:

Figures 1A, 1B, 1C and 1D. TGFB1 stimulation upregulates |L-11 in fibroblasts. Primary

fibroblasts were derived from human atrial tissue of 80 individuals and incubated for 24h with

and without TGFB1 (5ng/ml). (1 A) Chart showing |L-11 was the most upregulated gene in

TGFB1 stimulated fibroblasts compared to 11,433 expressed genes (FPKM 2 0.5). (1 B) Chart

showing IL-11 expression significantly increased more than 8-fold on average after fibroblast

activation with TGFB1 (FDR = 9.1x10"25). (1C) Chart showing RT-qPCR confirmed |L-11 RNA

expression—based fold changes (TGFB1+ / TGFB1—; R220.94) and (1 D) Chart showing ELISA

detected a significant increase in |L-11 protein secreted by stimulated fibroblasts.

Figures 2A, 2B, 2C and 2D. Human atrial fibroblasts were incubated either with 5 ng/ml

TGFB1 or 5 ng/ml |L-11 for 24 hours. Charts show cell staining for (2A) d-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 number of times with similar results.
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Figures 3A, 3B, 3C and 3D. Inhibition of IL-11 with a neutralizing antibody prevents TGFBf -

induced fibrosis. Human atrial fibroblasts were stimulated with TGFB1 (5ng/ml), TGFBf and

an antibody against lL-11 or TGFBf and an isotype control. Charts and photographs show cell

stained after 24 hours for (3A) d—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 lL-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 lL-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 regulator of fibrosis in humans.

Figures 4A and 4B. TGF|31 stimulation upregulates lL-11 in fibroblasts. Primary fibroblasts

were derived from human atrial tissue of 80 individuals and incubated for 24h with and without

TGF[31 (5ng/ml). (4A) Chart showing lL-11 was the most upregulated RNA transcript in

TGFB1 stimulated fibroblasts compared to 1 1,433 expressed genes (FPKM 2 0.5) across the

genome as assessed by global transcriptome profiling. (43) Chart showing IL—11 expression

in non-stimulated (TGF-B -) and stimulated (TGF—B +) primary human fibroblasts 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 |L—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, lL11—expressing,

fibroblasts.

Figures 5A, 5B, 5C and 5D. lL—11 acts as an autocrine factor on fibroblasts and induces its

own expression via translational regulation alone. Primary fibroblasts were stimulated with

TGF—B for 24 hours. (5A) Chart showing lL—11 RNA expression increased significantly (FDR =

9.1x10"25) more than 8-fold on average across 80 individuals. (53) Chart showing results of

an ELISA assay confirming a significant increase in lL—11 protein secreted by stimulated

fibroblasts (t—test). (50) Chart showing incubation of primary fibroblasts with IL—11 does not

increase lL-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, GD, GE and BF. |L—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

TGFBf (5 ng/ml), |L-11 (5 ng/ml) or TGFBf and a neutralizing |L-11/control antibody. Charts

and photographs show results of cell staining following incubation for (6A) d—SMA content to

estimate the fraction of myofibroblasts, (BB) EdU to track actively proliferating cells (BC)

Periostin to estimate ECM production. Fluorescence was measured with the Operetta platform

for 14 fields across 2 wells for each patient. Charts also show the secretion of fibrosis markers

lL-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. |L—11

induces a fibrotic response at similar levels as TGFB1 and inhibition of lL-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. lL-11 promotes collagen protein synthesis and stalls the pro-

fibrotlc effect of TGFBf at the RNA level. Cardiac fibroblasts derived from 3 individuals were

incubated for 24h with TGFB1 (5 ng/ml), |L-11 (5 ng/ml) or TGFBf and a neutralizing |L-11

antibody. Following incubation (7A) Chart showing results following incubation of cell staining

for collagen using the Operetta assay; florescence was quantified as described above for

Figure 6, (73) Chart showing secreted collagen levels assessed with a Sirius Red staining

and (70) Chart showing collagen RNA levels measured by RT—qPCR. |L—11 induces a fibrotic

response at similar levels as TGFB1 only at the protein level. Higher expression of Collagen

RNA transcripts by TGFBf did not lead to increased protein production if |L—1 1 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, 80, 8D and 8E. |L-11 is a fibrosis marker and activator across multiple

tissues. Expression of lL—1 1 can be induced by a diverse set of upstream pro—fibrotic

stimulants in addition to TGFBf. (8A) Chart showing effect of TGFBf on lL-11 expression.

(BB) Chart showing ET-1 (Endothelin) upregulates lL-11 in hepatic and pulmonary fibroblasts;

(8C) Chart showing PDGF (platelet derived growth factor) induces lL—11 expression in renal

fibroblasts. lL-1 1 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 |L—1 1,

saline only (grey) or recombinant |L-11 (black) was injected 6 times a week in C57BL/6 mice

(200ug/kg). Collagen content in tissue was assessed with a hydroxyproline assay

(Ouickame) on the protein level and the results are shown in 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 dSMA levels are increased in the kidney and heart

of |L—11 treated mice, indicating the presence of myofibroblasts.

Figure 9. Diagram illustrating role of IL-11 as an essential regulator of the fibrotic

response. lL—11 is an essential regulator required for the fibrotic response. In response to

tissue damage or chronic inflammation. cytokines such as TGFB1, 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 |L—11 stops collagen protein synthesis in response to pro—fibrotic

cytokines ANG2 (Angiotensin II), PDGF and ET-1. Cardiac fibroblasts were incubated for 24h

with ANGZ, PDGF or ET—1 and a neutralizing |L—11 antibody. Following incubation cells were

stained for collagen and florescence was quantified. These stimuli induce a fibrotic response

at similar levels to TGF[31. However, collagen expression is not increased if |L—11 is

neutralized with an antibody. P-values are given as: **** P < 0.0001 (t-test).

Figure 11. Nucleotide sequence of human IL—1 1, taken from Genbank accession

number gi|391353405|ref|NM_000641.3 (Homo sapiens interleukin 11 (|L11). transcript

variant 1, Mrna) [SEQ ID NO:1]. Underlined sequence encodes IL—11 mRNA. Shaded

sequences were used for design of |L-11 knockdown siRNA and are shown separately as

SEQ ID NOs 2 to 5. SEQ ID NOS 3 and 4 overlap with each other within SEQ ID NO:1.

Figure 12. Nucleotide sequence of human |L-11Rq, taken from Genbank accession

number gi|975336|gb|U32324.1|HSU32324 (Human interleukin—11 receptor alpha chain

mRNA, complete cds) [SEQ ID NO:6]. Underlined sequence encodes IL-11Rd mRNA.

Shaded sequences were used for design of IL—11Rq knockdown siRNA and are shown

separately as SEQ ID NOs 7 to 10.

Figure 13. Table showing siRNA sequences [SEQ ID N03 11 to 14] for knockdown of

IL-11.
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Figure 14. Table showing siRNA sequences [SEQ ID NOs 15 to 18] for knockdown of

lL-11Rd.

Figure 15. Chart showing siRNA knockdown of |L-11Ror in HEK cells.

Figure 16. Graph showing read depth for whole transcriptome sequencing of human atrial

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

(human atrial tissues samples, n=8) and primary, unstimulated fibroblast cultures. (17A)

PECAM1, (173) MYH6 (17C) TNNT2, (17D) COL1A2, and (17E) ACTA2.

Figures 18A, 18B, 18C, 18D and 18E. Graphs showing upregulation of lL—11 expression

in fibroblasts in response to stimulation with TGF[31. (18A and 183) Graphs showing fold

change in gene expression in fibrosis; |L-11 is the most upregulated gene in response to

TGF[31 treatment. (18C) |L-11 secretion by fibroblasts in response to stimulation with TGF[31.

(18D) Comparison of |L-11 gene expression in tissues of healthy individuals and in atrial

fibroblasts, with or without TGFB1 stimulation. (18E) Correspondence of fold change in |L—11

expression as determined by RNA-seq vs. qPCR.

Figures 19A, 19B, 19C and 19D. Graphs showing induction of |L-11 secretion in primary

fibroblasts by various profibrotic cytokines, as determined by ELISA. (19A) TGFB1, ET—1,

Angll, PDGF, OSM and lL-13 induce lL-11 secretion, and lL-11 also induces |L-11 expression

in a positive feedback loop. (193) Graph showing that the ELISA only detects native lL-11

secreted from cells, and does not detect recombinant |L-11 used for the lL-11 stimulation

condition. (19C) and (19D) Cells were stimulated with recombinant lL-11, lL-11 RNA was

measured and the native |L—11 protein level was measured in the cell culture supernatant by

ELISA at the indicated time points.

Figures 20A, 203, 200, 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 TGFB1 or |L-11. (20A) myofibroblast generation and

ECM production by primary atrial fibroblasts following stimulation with TGFB1 or IL—1 1, as

measured by fluorescence microscopy following staining for a d-SMA, collagen or periostin.

(203) Collagen content of cell culture supernatant as determined by Sirius Red staining.

Secretion of the fibrosis markers (200) 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 i SD,

Dunnett].

Figures 21 A, 21 B and 21 C. Graphs showing the profibrotic effect of |L—1 1. (21 A) Mouse

fibroblasts from different tissues of origin can be activated by |L-1 1 and display increased

ECM production. [Mean i SD, Dunnett]. Injection of mice with recombinant lL—11 or Angll

results in (21 B) an increase in organ weight [Mean 1 SEM], and (21 C) an increase in collagen

content (as determined by HPA assay). * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001

[Mean 1 SD, Dunnett].

Figures 22A, 223, 22C, 22D, 22E and 22F. Graphs and images showing that |L—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/absence of neutralising anti-lL-11 antibody or isotype control lgG, as measured

by fluorescence microscopy following staining for (22A) d-SMA, (22B) EdU or (22C) Periostin.

(22D to 22F) Secretion of the fibrosis markers (22D) |L-6, (22E) TIMP1, and (22F) MMP2 was

analysed by ELISA. Fluorescence was normalized to the control group without stimulation.

[Mean i 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—|L—11

antibody or isotype control IgG, as determined by (23A) Operetta assay or (233) Sirius Red

staining. [Mean i SD, Dunnett] * P < 0.05, ** P < 0.01, *** P < 0.001 or **** P < 0.0001.

Figure 24. Graphs showing the ability of various |L-11 and |L-11Rd antagonists to inhibit

fibrosis. Human atrial fibroblasts were treated with neutralizing antibody against lL-1 1,

neutralizing antibody against |L-11Rd, decoy |L-11 receptor molecule that binds to |L-11,

siRNA that downregulates |L—11 expression or siRNA that downregulates |L—1 1 RA expression

and the effect on the TGFB1-driven pro-fibrotic response in fibroblasts in vitro was analysed.

[Mean i 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 response of fibroblasts from IL—

11-RA knockout mice to pro-fibrotic treatment. Fibroblasts derived from lL-1 1 RA WT (+/+),

Heterozygous (+/—) and Homozygous null (—/—) mice were incubated for 24h with TGFB1, IL—11

or Angll (5 ng/ml). (25A) Percentage of myofibroblasts as determined by analysis ClSMA
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content, (253) Percentage proliferating cells as determined by staining for EdU, (25C)

Collagen content and (25D) ECM production as measured by detection of periostin [Mean i

SD].

Figures 26A and 263. Graphs showing the effect of lL—11 neutralisation on fibrosis in

response to various pro-fibrotic stimuli. Fibroblasts were cultured in vitro in the

presence/absence of various different pro—fibrotic factors, and in the presence/absence of

neutralising anti—lL—11 antibody or pan anti—TGFIS antibody (26A) Collagen production and

(263) myofibroblast generation as determined by analysis of aSMA expression. [Mean i 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 markers of fibrosis in

the atrium and heart of WT and lL-1 1 RA (-/-) animals following treatment with Angll treatment.

(27A) Collagen content, as measured by hydroxyproline assay. (27B) Collagen (CoI1A2)

expression. (27C) GSMA (ACTA2) expression. (27D) Fibronectin (Fn1) expression.

Figure 28. Graphs showing the effect of lL-1 1 RA knockout on folate-induced kidney

fibrosis as measured by collagen content in kidney tissue.

Figures 29A, 29B and 29C. Schematics of the experimental procedures for analysing

fibrosis in (29A) lung, (29B) skin and (290) eye for lL—1 1 RA —/— mice as compared to lL—1 1 RA

+/+ mice.

Figures 30A and 3GB. Scatterplots showing fold change in gene expression. (30A)

Fold changes in gene expression in fibroblasts following stimulation with TGFBf, iL—ff or

TGF§31 and lL-f 1. (3GB) Fold changes in gene expression in fibroblasts obtained from IL—

11RA+/+ and lL-11RA-/— mice following stimulation with TGFfif.

Figures 31A and 31 B. Photographs showing the effect of lL-1 1 RA knockout on wound

healing and fibrosis in the eye following trabeculectomy (filtration surgery). (31 A) Eye sections

of lL-11RA+/+ (WT) and lL-11RA-/- (KO) animals 7 days after filtration surgery. (31 B)

Maturation of collagen fibres as evaluated by picro—sirius red/polarization light technique

(Szendroi et al. 1984, Acta Morphol Hung 32, 47—55); more fibrosis is observed in WT mice

than KO mice.

Figures 32A and 32B. Graphs showing the effect of decoy lL-1 1 receptors on fibrosis in

response to stimulation with TGFBf. Fibroblasts were cultured in vitro in the
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presence/absence of TGFB1 (5 ng/ml), in the presence or absence of (32A) D1 1 R1 (Decoy

Receptor 50aa Linker) or (32B) D1 1 R2 (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 dSMA expression.

Figure 33. Table showing SNPS regulation of lL—11 VSTS,,m in trans.

Figure 34. Table showing SNPs regulation of lL—11 VSTSurrl — VSTunslim in cis.

Figure 35. Table showing SNPs regulation of lL—11 VSTstim — VSTunstim in trans.

Figures 36A, 36B, 36C and 36D Charts showing regulation of lL—11 response by local

SNPs. The RNA of unstimulated and stimulated (TGFB1, 5ng/ml, 24h) fibroblasts derived

from 69 genotyped individuals was sequenced. Samples were grouped according to genotype

and the increase in lL-11 expression (VSTSum-VSTunsum) was compared between groups with 0,

1 or 2 minor alleles.

Figure 37. Charts showing regulation of lL-11 response by distant SNPs. The RNA of

unstimulated and stimulated (TGFB1, 5ng/ml, 24h) fibroblasts derived from 69 genotyped

individuals was sequenced. Samples were grouped according to genotype and the increase in

|L1 1 expression (VSTsnm—VSTunsfim) was compared between groups with 0, or 1 minor allele.

Figures 38A, 38B, 380 and 38D. Graphs showing that IL—11 is required the pro—fibrotic

effects of TGFB1 in liver fibroblasts. Activation and proliferation of primary human liver

fibroblasts, with or without stimulation with TGFB1, and in the presence/absence of

neutralising anti-lL-11 antibody or isotype control lgG, as measured by analysis of the

proportion of (38A) d-SMA positive cells, (38B) EdU positive cells, (38C) Collagen positive

cells and (38D) Periostin positive cells as compared to the unstimulated cells (Baseline).

[Mean i SD, Dunnett] * P < 0.05, ** P < 0.01, *** P < 0.001 or **** P < 0.0001.

Figure 39. Bar chart showing that lL-11 is required for the pro-fibrotic effects of TGF61 in

skin fibroblasts. Activation of mouse skin fibroblasts, with or without stimulation with TGFB1,

and in the presence/absence of neutralising anti-lL-11 antibody, as measured by analysis of

the percentage of d—SMA positive cells (activated fibroblasts).

51 54516.1

Ex. 2001 - Page1709



Ex. 2001 - Page1710

1O

15

20

25

30

35

-18-

Figure 40. Bar chart showing lung fibroblast cell migration with and without |L—11 signalling.

Migration of lung fibroblasts from |L-11RA+/+ (WT) and |L-11RA-/— (KO) animals was

analysed in an in vitro scratch assay without stimulus, or in the presence of TGFB1 or |L—1 1.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS OF THE INVENTION

|L—11 and |L—11 receptor

Interleukin 11 (IL-11), also known as adipogenesis inhibitory factor, is a pleiotropic cytokine

and a member of the lL-6 family of cytokines that includes lL-6, lL-11, lL-27, lL-31, oncostatin,

leukemia inhibitory factor (LIF), cardiotrophin—1 (CT—1), cardiotrophin—like cytokine (CLC),

ciliary neurotrophic factor (CNTF) and neuropoetin (NP-1).

lL-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 |L-11 encodes a protein of 178 amino acid residues (Garbers and Scheller., Biol. Chem.

2013; 394(9):1145-1161). The human lL-11 amino acid sequence is available under UniProt

accession no. P20809 (P208091 Gl:124294). Recombinant human lL-11 (oprelvekin) is also

commercially available. lL—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 |L—11 refers to an |L—11 from any species and includes isoforms,

fragments, variants or homologues of an |L-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%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% amino acid sequence identity to

the amino acid sequence of immature or mature |L-11 from a given species, e.g. human.

lsoforms, fragments, variants or homologues of an |L-11 may optionally be characterised by

ability to bind lL-1 1R0 (preferably from the same species) and stimulate signal transduction in

cells expressing lL-11Rq 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 |L—11 may be of any

length (by number of amino acids), although may optionally 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 |L-11. A fragment of

lL—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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lL—11 signals through a homodimer of the ubiquitously expressed B—receptor glycoprotein 130

(gp130; also known as glycoprotein 130, ILBST, lL6-beta or CD130). Gp130 is a

transmembrane protein that forms one subunit of the type | cytokine receptor with the lL—6

receptor family. Specificity is gained through an individual lL-11 q-receptor (lL-11Ro), which

does not directly participate in signal transduction, although the initial cytokine binding event

to the d-receptor leads to the final complex formation with the B-receptors. lL-1 1 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 comprises the lg-like domain D1, and the fibronectin-type lll domains D2

and D3 of gp130. The amino acid sequence of human gp130 is available from Genbank

accession no. NP7002175.2.

Human lL-11Ro is a 422 amino acid polypeptide (Genbank accession no. NP7001136256.1

Gl:218505839) and shares ~85°/o nucleotide and amino acid sequence identity with the

murine lL—11Rq (Du and Williams., Blood Vol, 89, No,11, June 1, 1997). Two isoforms of IL—

11Rd have been reported, which differ in the cytoplasmic domain (Du and Williams, supra).

The lL—11 receptor q—chain (lL—11Rq) shares many structural and functional similarities with

the lL-6 receptor d-chain (IL-6R0). 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/STAT signaling pathway.

lL—11Rq binds its ligand with a low affinity (Kd ~10 nmol/L) and alone is 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—11Rd and gp130

(Curtis et al (Blood 1997 Dec 1:90 (11):4403-12; Hilton et al., EMBO J 13:4765, 1994;

Nandurkar et al., Oncogene 12:585, 1996). Binding of IL—11 to cell—surface IL—11Rd induces

heterodimerization, tyrosine phosphorylation, activation of gp130 and MAPK and/or Jak/STAT

signalling as described above.
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The receptor binding sites on murine lL—11 have been mapped and three sites — sites I, II and

Ill - identified. Binding to gp130 is reduced by substitutions in the site II region and by

substitutions in the site III region. Site III mutants show no detectable agonist activity and

have lL-11Ro antagonist activity (Cytokine Inhibitors Chapter 8; edited by Gennaro Ciliberto

and Rocco Savino, Marcel Dekker, Inc. 2001).

In principle, a soluble |L—11Rd can also form biologically active soluble complexes with |L—11

(Pflanz et al., 1999 FEBS Lett, 450, 117-122) raising the possibility that, similar to lL-6, |L-11

may in some instances bind soluble |L—11Ro 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 |L—11 receptor alpha chain (le—1 1 R) and examined signaling in cells

expressing gp130. In the presence of gp130 but not transmembrane lL-11R the le-11R

mediated lL—11 dependent differentiation of M1 leukemic cells and proliferation in Ba/F3 cells

and early intracellular events including phosphorylation of gp130, STAT3 and SHP2 similar to

signalling through transmembrane lL—1 1 R.

In this specification an |L-11 receptor (IL-1 1 R) refers to a polypeptide capable of binding |L-11

and inducing signal transduction in cells expressing gp130. An lL-11 receptor may be from

any species and includes isoforms, fragments, variants or homologues of an |L-11 receptor

from any species. In preferred embodiments the species is human (Homo sapiens). In some

embodiments the |L—11 receptor may be |L—11Rd. Isoforms, fragments, variants or

homologues of an IL-1 1 R0 may optionally be characterised as having at least 70%, preferably

one of 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% amino

acid sequence identity to the amino acid sequence of IL-1 1Ro from a given species, e.g.

human. Isoforms, fragments, variants or homologues of an lL—11Ro may optionally be

characterised by ability to bind |L-11 (preferably from the same species) and stimulate signal

transduction in cells expressing the lL—11Ro 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

an lL-11 receptor may be of any length (by number of amino acids), although may optionally

be at least 25% of the length of the mature |L—11Ro and 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 the mature |L—11Rd. A fragment of an |L—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 lL-11
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The |L—11 signaling pathway offers multiple routes for inhibition of |L—11 signaling. For

example, inhibition may be achieved by preventing or reducing the binding of |L-11 to an |L-11

receptor. As a result, suitable agents may target either |L—1 1 or its receptor.

In some embodiments agents capable of inhibiting the action of IL-11 may bind to IL-11 and

prevent or reduce |L—11 mediated signalling, e.g. through an |L—11 receptor. In some

embodiments agents capable of inhibiting the action of |L-11 may bind to the IL-11 receptor

and prevent or reduce |L—11 stimulated signalling.

Agents that bind to |L-11 may inhibit |L-11 mediated signalling by blocking the binding of |L-11

to an |L—1 1 receptor and/or by reducing the amount of |L—1 1 available to bind to its receptor.

Suitable |L-11 binding agents may be |L-11 inhibitors or |L-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 |L-11 with a KB of 1uM or less, preferably one of S 1uM, S 100nM,

s10nM, s1nM or s100pM;

b) Inhibit IL-11 mediated signalling via the IL-11Rd receptor, e.g. in a cell based

assay in which the cells co—express |L—11Ro and gp130. Suitable cell based

assays are 3H-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, |C50 for an |L-11 binding agent may be

determined by culturing Ba/FS cells expressing |L—1 1ch and gp130 in the presence

of human |L-11 and the |L-11 binding agent, and measuring 3H-thymidine

incorporation into DNA. Suitable |L-11 binding agents may exhibit an IC50 of 10

ug/ml or less, preferably one of s 5 ug/ml, s 4 ug/ml, s 3.5 ug/ml, s 3 ug/ml, s 2

ug/ml, 51 ug/ml, S 0.9 ug/ml, S 0.8 ug/ml, S 0.7 ug/ml, S 0.6 ug/ml, or S 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—1 1

or TGF[31 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—1 1 or

TGFB1 and myofibroblast generation is monitored, e.g. by measuring oSMA levels.

e) Inhibit extracellular matrix production by fibroblasts, e.g. cardiac/atrial fibroblasts.

This can, for example, be evaluated in an assay wherein fibroblasts are stimulated
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with lL—11 or TGFBf 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 lL-11 or TGFB1 and collagen and/or periostin gene

or protein expression is measured.

lL-11 binding agents may be of any kind, but in some embodiments an lL-11 binding agent

may be an antibody, polypeptide, peptide, oligonucleotide, aptamer or small molecule.

Suitable anti-lL-11 antibodies will preferably bind to lL-11 (the antigen), preferably human IL-

11, and may have a dissociation constant (KB) of one of s 1uM,s 100nM, stnM, s1nM or

S100pM. Binding affinity of an antibody for its target is often described in terms of its

dissociation constant (KD). Binding affinity can be measured by methods known in the art,

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-lL-11 antibodies may be antagonist antibodies that inhibit or reduce a biological activity of

IL-11.

Anti—lL—11 antibodies may be neutralising antibodies that neutralise the biological effect of IL—

11, e.g. its ability to stimulate productive signalling via an lL-11 receptor.

Neutralising activity may be measured by ability to neutralise lL-11 induced proliferation in the

T11 mouse plasmacytoma cell line (Nordan, R. P. et al. (1987) J. Immunol. 139:813).

Examples of known anti-lL-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 Bockhorn et al. Nat. Commun. (2013) 4(0):1393; Monoclonal Mouse lgGZA;

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, lL-6, CNTF, LlF, OSM, CLC or CT-1.
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Peptide or polypeptide based lL—11 binding agents may be based on the |L—11 receptor, e.g. a

|L-11 binding fragment of an |L-11 receptor. In one embodiment, suitable |L-11 binding

agents may comprise an |L—11 binding fragment of the |L—11R0i chain, and may preferably be

soluble and/or exclude one or more, or all, 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 (le-11R) was capable of antagonizing the activity of |L-11 when tested on cells

expressing the transmembrane |L—1 1 R and gp130. They proposed that the observed |L—11

antagonism by the le-11R depends on limiting numbers of gp130 molecules on cells already

expressing the transmembrane |L—1 1 R.

The use of soluble decoy receptors as the basis for inhibition of signal transduction and

therapeutic intervention has also been reported for other signalling moleculezreceptor pairs,

e.g. VEGF and the VEGF receptor (De-Chao Yu et al., Molecular Therapy (2012); 20 5, 938-

947; Konner and Dupont Clin Colorectal Cancer 2004 Oct;4 Suppl 2:881—5).

As such, in some embodiments an |L-11 binding agent may be provided in the form of a

decoy receptor, e.g. a soluble |L—11 receptor. Competition for |L—11 provided by a decoy

receptor has been reported to lead to |L-11 antagonist action (Curtis et al., supra).

Decoy lL-11 receptors preferably bind lL-11 and/0r |L-11 containing complexes, and thereby

make these species unavailable for binding to gp130, lL-11ch and/or gp130:lL-11Rd

receptors. As such, they act as ‘decoy’ receptors for |L-11 and |L-11 containing complexes,

much in the same way that etanercept acts as a decoy receptor for TNFd. |L—11 mediated

signalling is reduced as compared to the level of signalling in the absence of the decoy

receptor.

Decoy |L—11 receptors preferably bind to |L—11 through one or more cytokine binding modules

(CBMs). The CBMs are, or are derived from or homologous to, the GEMS of naturally

occurring receptor molecules for |L—1 1. For example, decoy |L—11 receptors may comprise, or

consist of, one or more CBMs which are from, are derived from or homologous to the CBM of

gp130 and/or lL-11Rd.

In some embodiments, a decoy |L-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 |L—11 receptor may comprise an amino acid sequence corresponding to the cytokine

binding module of lL-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%, 96%, 97%, 98% or 99%

sequence identity to the amino acid sequence of the reference region/sequence. The gp130,

lL-11Rq and lL-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 |L—1 1, e.g. with binding affinity of

at least 100uM or less, optionally one of 10uM or less, 1uM or less, 100nM or less, or about 1

to 100nM. In some embodiments a decoy receptor may comprise all or part of the lL—11

binding domain and may optionally lack all or part of the transmembrane domains. The decoy

receptor may optionally be fused to an immunoglobulin constant region, e.g. lgG Fc region.

In some embodiments an lL-11 binding agent may be provided in the form of a small molecule

inhibitor of |L-11, e.g. |L-11 inhibitor described in Lay et al., Int. J. Oncol. (2012); 41(2): 759-

764.

Agents that bind to an |L-11 receptor (IL-1 1 R) may inhibit |L-11 mediated signalling by

blocking the binding of |L—11 to an |L—1 1R or by preventing signal transduction via the gp130

co-receptors. Suitable |L-11R binding agents may be lL-11R inhibitors or lL-11R antagonists.

In preferred embodiments the |L—1 1 R is |L—11Ro and suitable binding agents may bind the IL—

11Ro polypeptide and may be inhibitors or antagonists of lL-11Rq.

lL-11R binding agents, e.g. anti-lL-11R antibodies, according to the present invention may

exhibit at least one of the following properties:

(a) Bind to human |L—1 1 R with a KB of 1uM or less, preferably one of S 1uM, S 100nM,

s10nM, S1nM or S100pM;

(b) Inhibit |L—1 1 R signalling, e.g. in a cell based assay in which the cells co—express |L—

11Ra and gp130. Suitable cell based assays are 3H-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, |C50 for an |L-11R

binding agent may be determined by culturing Ba/F3 cells expressing IL—11Rq and

gp130 in the presence of human |L-11 and the |L-11R binding agent, and measuring

3H—thymidine incorporation into DNA. Suitable lL—1 1 R binding agents may exhibit an

IC5O of 10 ug/ml or less, preferably one of s 5 ug/ml, s 4 pg/ml, s 3.5 ug/ml, s 3 ug/ml,
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s 2 ug/ml, 51 ug/ml, s 0.9 ug/ml, s 0.8 ug/ml, s 0.7 ug/ml, s 0.6 ug/ml, or s 0.5 ug/ml

in such an assay.

(0) Inhibit fibroblast proliferation, e.g. proliferation of cardiac/atrial fibroblasts. This can, for

example, be evaluated in an assay wherein fibroblasts are stimulated with |L-11 or

TGFBf 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 dSMA levels.

(e) Inhibit extracellular matrix production by fibroblasts, e.g. cardiac/atrial fibroblasts. This

can, for example, be evaluated in an assay wherein fibroblasts are stimulated with IL—

11 or TGFBf 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 |L—11 or TGFB1 and collagen and/or periostin gene or

protein expression is measured.

|L-11R binding agents may be of any kind, but in some embodiments an |L-11R binding agent

may be an antibody, polypeptide, peptide, oligonucleotide, aptamer or small molecule.

Suitable anti-|L-11R antibodies will preferably bind to |L-11R (the antigen), preferably human

IL—1 1 R, and may have a dissociation constant (KB) of one of s 1uM, s 100nM, s10nM, s1nM

or 51 OOpM. Binding affinity of an antibody for its target is often described in terms of its

dissociation constant (KD). Binding affinity can be measured by methods known in the art,

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—1 1 R. Anti—IL—1 1 R antibodies may be antagonist antibodies that inhibit or reduce any

function of |L-1 1 R, in particular signalling. For example, antagonist |L-11R antibodies may

inhibit or prevent binding of |L—11 to |L—11R, or may inhibit or prevent association of IL—1 1 Rd

with gp130 to form a functional receptor complex capable of productive signalling, e.g. in

response to IL—11 binding.

Anti—IL—1 1 R 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 |L-11.
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Neutralising activity may be measured by ability to neutralise |L—11 induced proliferation in the

T11 mouse plasmacytoma cell line (Nordan, R. P. et al. (1987) J. Immunol. 139:813).

Examples of known anti-lL-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 et al (J.

Immunol Methods. 2000 Jul 31 ;241(1—2);43—59).

Peptide or polypeptide based |L-11R binding agents may be based on |L-11, e.g. mutant,

variant or binding fragment of |L—1 1. Suitable peptide or polypeptide based agents may bind

to lL-11R in a manner that does not lead to initiation of signal transduction or produces sub-

optimal signaling. lL—11 mutants of this kind may act as competitive inhibitors of endogenous

|L-1 1.

For example, W147A is an |L-11 antagonist in which the amino acid 147 is mutated from a

tryptophan to an alanine, which destroys the so-called ‘site III’ of lL-11. This mutant can bind

to the |L-1 1 R, but engagement of the gp130 homodimer fails, resulting in efficient blockade of

|L—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):?39-746) also report the generation of an |L-11

antagonist mutant (a “mutein”) capable of specifically inhibiting the binding of lL-11 to lL-

11Ro.

Menkhorst et al (Biology of Reproduction May 1, 2009 vol.80 no.5 920—927) describe a

PEGylated |L-11 antagonist, PEG|L11A (CSL Limited, Parkvill, Victoria, Australia) which is

effective to inhibit lL—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 lL—11Ro.

In some embodiments an |L—1 1 R binding agent may be provided in the form of a small

molecule inhibitor of lL-1 1 R.

The inventors have identified that upregulation of |L-11 expression is consistent with the

molecular mechanism of fibrosis and that inhibition of lL—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 |L—1 1 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 |L—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 lL-11 in rheumatoid synovial cells upon treatment with indomethacin, dexamethasone or

interferon-gamma (lFNy).

In some embodiments an agent capable of preventing or reducing the expression of lL-11

may be an oligonucleotide capable of repressing or silencing expression of lL—1 1.

Accordingly, the present invention also includes the use of techniques known in the art for the

therapeutic down regulation of |L-11 expression. These include the use of antisense

oligonucleotides and RNA interference (RNAi). As in other aspects of the present invention,

these techniques may be used in the treatment of 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 lL-11, wherein the agent comprises a vector comprising a therapeutic oligonucleotide

capable of repressing or silencing expression of lL—1 1.

In another 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 lL—1 1, 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

|L-11.

The ability of an agent to prevent or reduce the expression of |L-1 1 may be assayed by

determining the ability of the agent to inhibit |L—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—1 1 or

TGF[31, and lL-11 gene or protein expression is measured.
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Reducing the amount of |L-11R available for binding to |L-11 and initiation of productive

signalling provides an alternative means of reducing the level of |L—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 |L-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 lL-11R

may be an oligonucleotide capable of repressing or silencing expression of lL-1 1 R.

Accordingly, the present invention also includes the use of techniques known in the art for the

therapeutic down regulation of |L—1 1 R expression. These include the use of antisense

oligonucleotides and RNA interference (RNAi). As in other aspects of the present invention,

these techniques may be used in the treatment of 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 lL-1 1 R, wherein the agent comprises a vector comprising a therapeutic oligonucleotide

capable of repressing or silencing expression of lL-1 1 R.
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In another 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—1 1 R, 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

lL-1 1 R.

The ability of an agent to prevent or reduce the expression of lL—1 1 R may be assayed by

determining the ability of the agent to inhibit lL-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 lL-1 1 or

TGFB1, and lL-11R gene or protein expression is measured.

In preferred embodiments, the lL-11R may be lL-11Ror.

Antibodies

In this specification “antibody” includes a fragment or derivative of an antibody, or a synthetic

antibody or synthetic antibody fragment.

Antibodies may be provided in 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 J G R Hurrell (CRC Press, 1982). Chimaeric antibodies are

discussed by Neuberger et al (1988, 81h 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

known in the art.

Antigen binding fragments of antibodies, such as Fab and Fabg fragments may also be

used/provided as can genetically engineered antibodies and antibody fragments. The variable

heavy (VH) and variable light (VL) domains of the antibody are involved in antigen recognition,

a fact first 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 VH and VL partner domains are linked 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 VH and VL partner domains are

covalently linked, eg. 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')2 fragments are "bivalent". By "bivalent" we mean that the said

antibodies and F(ab')2 fragments have two antigen combining sites. In contrast, Fab, Fv, ScFv

and dAb fragments are monovalent, having only one antigen combining site. Synthetic

antibodies which bind to lL-11 or lL-11R may also be made using phage display technology

as is well known in the art.
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Antibodies may be produced by a process of affinity maturation in which a modified antibody

is generated that has an improvement in the affinity of the antibody for antigen, compared to

an unmodified parent antibody. Affinity—matured antibodies may be produced by procedures

known in the art, e.g., Marks et al.,Rio/Techno/ogy10:779-783 (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 et al., J. Immunol. 154(7):331 0-15 9 (1995); and

Hawkins et al, J. Mol. Biol. 226:889—896 (1992).

Antibodies according to the present invention preferably exhibit specific binding to lL-11 or lL-

11R. An antibody that specifically binds to a target molecule preferably binds the target with

greater affinity, 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 binds to |L-11 or |L-11R with a KD 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 KB of the

antibody towards another target molecule, e.g. another member of the lL-11 family such as IL-

6 or the lL—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 molecules include fluorescent proteins, luciferase, enzyme substrates, and

radiolabels. The binding moiety may be directly 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 which is itself labelled. Alternatively, the second antibody

may have bound to it 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 two different

fragments of two different antibodies, such that the bi—specific antibody binds two types of

antigen. One of the antigens is |L-11 or |L-1 1 R, the bi-specific antibody comprising a

fragment as described herein that binds to |L—11 or |L—1 1 R. The antibody may contain a

different fragment having affinity for a second antigen, which may be any desired antigen.

Techniques for 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 VH and VL of a lL—11 or lL—11Fl binding

antibody or antibody fragment, and a VH and VL 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 reference in its entirety. For example, a bispecific antibody or

bispecific antigen binding fragment may be a bispecific antibody conjugate (e.g. an IgG2,

F(ab’)2 or Con—Body), a bispecific IgG or IgG—like molecule (e.g. an IgG, scFv4—lg, lgG—scFv,

scFv-lgG, DVD-lg, lgG-sVD, sVD-lgG, 2 in 1-IgG, mAb2, or Tandemab common LC), an

asymmetric bispecific IgG or IgG—like molecule (e.g. a kih IgG, kih IgG common LC,

CrossMab. kih lgG-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’)2-scFv2), a bispecific Fc and CH3 fusion

protein (e.g. a taFv—Fc, Di—diabody, scDb—CHS, scFv—Fc—scFv, HCAb—VHH, scFv—kih—Fc, or

scFv-kih-CHB), or a bispecific fusion protein (e.g. a scsz-albumin, scDb-albumin, taFv-toxin,

DNL-Fabg, DNL-Fab4-lgG, DNL-Fab4-IgG-cytokine2). See in particular Figure 2 of Kontermann

MAbs 2012, 4(2): 182—19.

Methods for 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:|V:2.13:2.13.1—2.13.16, which is hereby incorporated by

reference in 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)2 heterodimers.

Other methods for producing bispecific antibodies include fusing antibody-producing

hybridomas e.g. with polyethylene glycol, to produce a quadroma cell 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:lV: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

make bispecific 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 lL-11 or lL-1 1 R, and the light and heavy chain variable

domains for 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. Recombinant bispecific

antibody can thereafter be produced by expression (e.g. in vitro) of the construct in a suitable

host cell (e.g. a mammalian host cell), and expressed recombinant bispecific antibody can

then optionally be purified.

Aim

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.

Aptamers to a given target (e.g. lL-11 or lL-1 1 R) may be identified and/or produced by the

method of Systematic Evolution of Ligands by EXponential enrichment (SELEXTM). Aptamers

and SELEX are described in Tuerk and Gold (Systematic evolution of ligands by exponential

enrichment: RNA ligands to bacteriophage T4 DNA polymerase. Science. 1990 Aug

3;249(4968):505-10) and in W091/19813.

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 more resistant to degradation and may include

modification at the 2’ position of ribose.

Aptamers may be synthesised by methods which are well known to 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

51 54516.1

Ex. 2001 - Page1725



Ex. 2001 - Page1726

1O

15

20

25

30

35

-34-

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 thought of as the nucleic acid equivalent of monoclonal antibodies and often

have Kd’s in the nM or pM range, e.g. less than one of 500nM, 100nM, 50nM, 10nM, 1nM,

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

absence of a target molecule.

Aptamers according to the present invention may be provided in 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 lL-11 or lL-11R expression

Oligonucleotide molecules, particularly RNA, may be employed to regulate gene expression.

These include antisense oligonucleotides, targeted degradation of mRNAs by small interfering

RNAs (siRNAs), post transcriptional gene silencing (PTGs), developmentally 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 sequence binding, 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 sequences for lL—11 (e.g. the known mRNA sequences

available from GenBank® under accession nos: BC012506.1 Gl:15341754 (human),

BC134354.1 Gl:126632002 (mouse), AF347935.1 Gl:13549072 (rat)) and lL—1 1 R (e.g. the

known mRNA sequences available from GenBank® under accession no.3: NM_001142784.2

Gl:391353394 (human), NM_001163401.1 Gl:254281268 (mouse), NM_139116.1

Glz20806172 (rat)), oligonucleotides may be designed to repress or silence the expression of

lL-11 or lL-1 1 R. 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 sequence of

nucleotides of corresponding length in the target oligonucleotide, e.g. the lL-11 or lL-11R

mRNA. The complementary region of the nucleotide sequence may have any length, but is

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 lL—11 or lL—1 1 R expression will preferably result in a decrease in the quantity of

lL-11 or lL-11R expressed by a cell, e.g. by a fibroblast or myofibroblast. For example, in a

given cell the repression of lL—11 or lL—1 1 R by administration of a suitable nucleic acid will

result in a decrease in the quantity of lL-11 or lL-11R expressed by that 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 considered a ‘silencing’ of expression or function.

A role for the RNAi machinery and small RNAs in targeting of heterochromatin complexes and

epigenetic gene silencing at specific chromosomal loci has been demonstrated. Double—

stranded RNA (dsRNA)-dependent post transcriptional silencing, also known as RNA

interference (RNAi), is a phenomenon in which dsRNA complexes can target specific genes of

homology for silencing in a short period of time. It acts as a signal to promote degradation of

mRNA with sequence identity. 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 Phase I, II and III clinical trials for

a number of indications (Nature 2009 Jan 22; 457(7228):426-433).

In the art, these RNA sequences are 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 RNAs and either triggering

mRNA elimination (RNAi) or arresting mRNA translation into protein. siRNA are derived by

processing of long double stranded RNAs and when found in nature are typically of

exogenous origin. Micro-interfering RNAs (miRNA) are endogenously encoded small non-

coding RNAs, derived by processing of short hairpins. Both siRNA and miRNA can inhibit the

translation of mRNAs bearing partially complimentary target sequences without RNA cleavage

and degrade mRNAs bearing fully complementary sequences.

Accordingly, the present invention provides the use of oligonucleotide sequences for down-

regulating the expression of lL—11 or lL—11R.

siRNA ligands 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 mRNA target and so that the siRNA is short

enough to reduce a host response.

miRNA ligands are typically single stranded and have regions that are partially

complementary enabling the ligands to form a hairpin. miRNAs are RNA genes which are

transcribed from DNA, but are not translated into protein. A DNA sequence that codes for a

miRNA gene is longer than the miRNA. This DNA sequence includes the miRNA sequence

and an approximate reverse complement. When this DNA sequence is transcribed into a

single—stranded RNA molecule, the miRNA sequence and its reverse—complement base pair to

form a partially double stranded RNA segment. The design of microRNA sequences is

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 deT 3' overhang. Based on the disclosure provided

herein, the skilled person can readily design suitable siRNA and miRNA sequences, for

example using resources such the Ambion siRNA finder. 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 siRNA is synthesized

synthetically.

Longer double stranded RNAs may be processed in 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 more in length may

be expressed using the vector pDECAP (Shinagawa et al., Genes and Dev., 17, 1340-5,

2003).

Another alternative is the expression of a short hairpin RNA molecule (shRNA) in the cell.

shRNAs are 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 degrades the target

gene mRNA and suppresses expression. In a preferred embodiment the shRNA is 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 sh RNA sequence under control of a

RNA polymerase III promoter such as the human H1 or 78K promoter or a RNA polymerase II

promoter. Alternatively, the sh RNA may be synthesised exogenously (in vitro) by transcription

from a vector. The shRNA may then be introduced directly into the cell. Preferably, the sh RNA

molecule comprises a partial sequence of lL-11 or IL-1 1 R. Preferably, the shRNA sequence is

between 40 and 100 bases in length, more preferably between 40 and 70 bases in 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

sequence of lL-11 or lL-11R.
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In one embodiment, the siRNA, longer dsRNA or miRNA is produced endogenously (within a

cell) by transcription from a vector. The vector may be introduced into the cell in any of the

ways known in 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 miRNA is produced exogenously (in vitro) by transcription from a

vector.

Suitable vectors may be oligonucleotide vectors configured to express the oligonucleotide

agent capable of lL-11 or lL-11 R repression. Such vectors may be viral vectors or plasmid

vectors. The therapeutic oligonucleotide may be incorporated in the genome of 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 way as to place the

expression of a nucleotide sequence under the influence or control of the regulatory

sequence. Thus a regulatory sequence is operably linked to a selected nucleotide sequence

if the regulatory sequence is capable of effecting transcription of a nucleotide sequence which

forms part or all of the selected nucleotide sequence.

Viral vectors encoding promoter—expressed siRNA sequences are known in 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 (Shen et al., FEBS Lett 2003

Mar 27;539(1-3)111-4) and retroviruses (Barton and Medzhitov PNAS November 12, 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 lL—11 or IL—1 1 R expression is required. Such

vectors typically involve complexing the oligonucleotide with a positively charged vector (e.g.,

cationic cell penetrating peptides, cationic polymers and dendrimers, and cationic lipids);

conjugating the oligonucleotide with small molecules (e.g., cholesterol, bile acids, and lipids),

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 RNA the 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 known in the art. Linkages between nucleotides may be

phosphodiester bonds or alternatives, for example, linking groups of the formula P(O)S,

(thioate); P(S)S, (dithioate); P(O)NR'2; P(O)R'; P(O)OR6; CO; or CONR‘Z wherein R is H (or a

salt) or alkyl (1-120) and R6 is alkyl (1-90) is joined to adjacent nucleotides through-O-or-S—.

Modified nucleotide bases can be used in addition to the naturally occurring bases, and may

confer advantageous properties on siRNA molecules containing them.

For example, modified bases may increase the stability 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

group at the 3'position and other than a phosphate group at the 5'positi0n. Thus modified

nucleotides may also include 2'substituted sugars such as 2'-O-methyl- ; 2'-O-alkyl ; 2'-O-allyl

; 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 known in the art and include alkylated purines and pyrimidines,

acylated purines and pyrimidines, and other heterocycles. These classes of pyrimidines and

purines are known in the art and include pseudoisocytosine, N4,N4-ethanocytosine, 8-

hydroxy-NG-methyladenine, 4-acetylcytosine,5-(carboxyhydroxylmethyl) uracil, 5 fluorouracil,

5—bromouracil, 5—carboxymethylaminomethyl—2—thiouracil, 5—carboxymethylaminomethyl uracil,

dihydrouracil, inosine, NB-isopentyl-adenine, 1- methyladenine, 1-methylpseudouracil, 1-

methylguanine, 2,2—dimethylguanine, 2—methyladenine, 2—methylguanine, 3—methylcytosine, 5—

methylcytosine, NEE-methyladenine, 7-methylguanine, 5-methylaminomethyl uracil, 5-methoxy

amino methyl—2—thiouracil, —D—mannosquueosine, 5—methoxycarbonylmethyluraci|,

5methoxyuracil, 2 methylthio-N6-isopentenyladenine, uracil-5-oxyacetic acid methyl ester,

psueouracil, 2—thi0cytosine, 5—methyI—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.

Methods relating to the use of RNAi to silence genes in C. elegans, Drosophila, plants, and

mammals are known in the art (Fire A, et al., 1998 Nature 391 :806—81 1; 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); WOO129058; W09932619, and Elbashir S M, et al., 2001 Nature 411:494-498).

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 |L-11 or |L-1 1 R,

of suppressing lL—11 or lL—1 1 R expression by RNAi.

The nucleic acid may have substantial sequence identity to a portion of lL—11 or lL—1 1 R

mRNA, as defined in GenBank accession no. NM_000641.3 Gl:391353405 (IL-11) or

U32324.1 Gl:975336 (IL—1 1 R), or the complementary sequence to said mRNA.

The nucleic acid may be a double-stranded siRNA. (As the skilled person will appreciate, and

as explained further below, a siRNA molecule may include a short 3’ DNA sequence also.)

Alternatively, the nucleic acid may be a DNA (usually double—stranded DNA) which, when

transcribed in a mammalian cell, yields an RNA having two complementary portions joined via

a spacer, such that the RNA takes 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 two distinct, but hybridised, RNA molecules.

In some preferred embodiments, the nucleic acid is generally targeted to the sequence of one

of SEQ ID NOs 2 to 5 (IL—1 1; Figure 11) or to one of SEQ ID NOs 7 to 10 (IL—1 1 R; Figure 12).

Only single—stranded (i.e. non self—hybridised) regions of an mRNA transcript are expected to

be suitable targets for RNAi. It is therefore proposed that other sequences very close in the

lL—11 or lL—1 1 R mRNA transcript to the sequence represented by one of SEQ ID NOs 2 to 5 or

7 to 10 may also be suitable targets for RNAi. Such target sequences are preferably 17-23

nucleotides in length and preferably overlap one of SEQ ID N05 2 to 5 or 7 to 10 by at least 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 NOs 2 to 5 or 7 to 10).

Accordingly, the invention provides nucleic acid that is capable, when suitably introduced into

or expressed within a mammalian cell that othenivise expresses IL—11 or IL—1 1 R, of

suppressing lL-11 or lL-11R expression by RNAi, wherein the nucleic acid is generally

targeted to the sequence of one of SEQ ID NOs 2 to 5 or 7 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 sequence in the mRNA of

human IL-11 or IL-11R that is slightly longer or shorter than one of SEQ ID NOs 2 to 5 or 7 to

10 (preferably from 17—23 nucleotides in length), but is otherwise identical to one of SEQ ID

NOs 2to 5or7to10.

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 lL-11 or lL-1 1 R. It is

expected, however, that the presence of even a single mismatch is likely to lead to reduced

efficiency, so the absence of mismatches is 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 mRNA and 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 shown in Figure 13 (IL-11; SEQ ID N05 11 to 14).

In another embodiment, the nucleic acid (herein referred to as double-stranded siRNA)

includes the double—stranded RNA sequences shown in Figure 14 (IL—1 1 R; SEQ ID N03 15 to

18).

However, it is also expected that slightly shorter or longer sequences directed to the same

region of IL—11 or IL—1 1 R mRNA will also be effective. In particular, it is expected that double—

stranded sequences between 17 and 23 bp in 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 has no effect on siRNA activity

compared to 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.

When present, 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 (Elbashir et al.,

2001a, 2001b, 2001c).

While RNAi experiments in Drosophila show that antisense 3’ overhangs may participate in

mRNA recognition and targeting (Elbashir et al. 2001c), 3’ overhangs do not appear to be

necessary for RNAi activity of siRNA in mammalian cells. Incorrect annealing of 3’ overhangs

is therefore thought to have little 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 0r —UG (0r —TT or —TG if the overhang is

DNA), more preferably -UU (or —TT). The —UU (or —TT) dinucleotide overhang is most

effective and is consistent with (Le. capable of forming part of) the RNA polymerase III end of

transcription signal (the terminator signal is TTTTT). Accordingly, this dinucleotide is most

preferred. The dinucleotides AA, CC and GG may also 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 other in vitro to form the aforementioned double-stranded

siRNAs, which may then be introduced into cells.

The invention also provides DNA that, when transcribed in a mammalian cell, 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 Nos 11 to 14 or 15 to 18 or a sequence that differs from

any one of the aforementioned sequences by a single base pair substitution.

The complementary portions will generally be joined by a spacer, which has suitable length

and sequence to 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

spacer will typically be a short sequence, of approximately 4—1 2 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, recommended for use in

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 each strand of the

hybridised dsRNA includes a 3’ overhang.

Techniques for the synthesis of the nucleic acids of the invention are of course well known in

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

DNA will 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—III promoter (H1) and a T5

transcription terminator sequence that contributes two U residues at the 3’ end of the

transcript (which, after DICER processing, provide a 3’ UU overhang of one strand of the

siRNA).
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Another suitable system is described in Shin et al. (RNA, 2009 May; 15(5): 898-910), which

uses another polymerase—Ill promoter (U6).

The double—stranded siRNAs of the invention may be introduced into mammalian cells in vitro

or in vivo using known techniques, as described below, to suppress expression of |L-11 or |L-

11R.

Similarly, transcription vectors containing the DNAs of the invention may be introduced into

tumour cells in vitro or in vivo using known techniques, as described below, for transient or

stable expression of RNA, again to suppress expression of lL-11 or lL-1 1 R.

Accordingly, the invention also provides a method of suppressing |L-11 or |L-11R expression

in a mammalian, e.g. human, cell, the method comprising administering to the cell a double—

stranded siRNA of 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 siRNA of the invention or a transcription vector

of the invention.

The invention further provides the double—stranded siRNAs of 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 siRNAs of the invention and the

transcription vectors of the invention in the preparation of a medicament for the treatment of

fibrosis.

The invention further provides a composition comprising a double-stranded siRNA of 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 may assist in penetration of the cell membrane.

Materials and methods suitable for the administration of siRNA duplexes and DNA vectors of

the invention are well known in 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 use of liposomes, electroporation,

microinjection, cell fusion, DEAE dextran and calcium phosphate precipitation. In vivo gene

transfer techniques include transfection with viral (typically retroviral) vectors and viral coat

protein—Iiposome 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 oncogenes in malignant cells by RNA

interference—new hope for a highly specific cancer treatment? Cancer Cell. 2:167—8. Hannon,

G.J. 2002. RNA interference. Nature. 418:244-51. McManus, M.T., and RA. 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 RNAs in

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 siRNA for inhibition of gene expression in postnatal

mice. Nat Genet. 32:107—8. Paul, C.P., P.D. Good, I. Winer, and DR. Engelke. 2002. Effective

expression of small interfering RNA in human cells. Nat Biotechnol. 20:505-8. Song, E., S.K.

Lee, J. Wang, N. lnce, 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 siRNAs in 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 RNA interference. Hum Gene Ther. 13:2197-201.

Barton, GM, 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 PA. Silver. 2002.

Retrovirus—delivered siRNA. BMC Biotechnol. 2:15. Lori, F., P. Guallini, L. Galluzzi, and J.

Lisziewicz. 2002. Gene therapy approaches to HIV infection. Am J Pharmacogenomics.

2:245—52. Matta, H., B. Hozayev, R. Tomar, P. Chugh, and PM. Chaudhary. 2003. Use of

lentiviral vectors for delivery of small interfering RNA. Cancer Biol Ther. 2:206-10. Qin, X.F.,
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BS. 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 U S 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,

0., AK. Buck, X. Liu, M. Winkler, and SN. Reske. 2003. Gene silencing by adenovirus—

delivered siRNA. FEBS Lett. 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

siRNA to the target cells are based on nanoparticles or nanocapsules such as those

described in US patent numbers 6,649,192B and 5,843,5098.

Formulations

ln therapeutic applications, agents capable of inhibiting the action of lL—11 or agents capable

of preventing or reducing the expression of lL-11 or lL-11R are preferably formulated as a

medicament or pharmaceutical together with one or more other pharmaceutically acceptable

ingredients well known to those skilled 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 known in the art of pharmacy. Such

methods include 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 compound with 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 may include injection. lnjectable formulations may comprise

the selected agent in 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 dosage etc, is within the responsibility of general

practitioners and other medical doctors, and typically takes account of the disorder to be

treated, the condition of the individual patient, the site of delivery, the method of administration

and other factors known to practitioners. 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 provided in strands or fibers, which may be arranged

irregularly or aligned. The ECM of fibrous 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) which is

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 which is greater than the level of deposition in the absence of fibrosis, e.g.

under normal, non—pathological conditions.
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The cellular and molecular mechanisms of 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 reference in their entirety.

The main cellular effectors of fibrosis are myofibroblasts, which produce a collagen—rich

extracellular matrix.

In response to tissue injury, damaged cells and leukocytes produce pro-fibrotic factors such

as TGFB, lL-13 and PDGF, which activate fibroblasts to dSMA-expressing myofibroblasts, and

recruit myofibroblasts to the site of injury. Myofibroblasts produce a large amount of

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 excess fibrous connective tissue.

In some embodiments fibrosis may be triggered by pathological conditions, e.g. conditions,

infections or disease states that lead to production of pro-fibrotic factors such as TGF[31. In

some embodiments, fibrosis may be caused by physical injury/stimuli, chemical injury/stimuli

or environmental injury/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 asbestos fibres or silica.

Fibrosis can occur in many tissues of the body. For example, fibrosis can occur in 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 may involve 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 renal fibrosis. In some embodiments cardiac or myocardial fibrosis 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 embodiments fibrosis 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

atrial fibrillation, ventricular fibrillation, or myocardial infarction.

In some preferred embodiments hepatic fibrosis is associated with chronic liver disease or

liver cirrhosis. In some preferred embodiments renal fibrosis is associated with chronic kidney

disease.

Diseases/conditions characterised by fibrosis in accordance with the present invention include

but are not limited to: respiratory conditions such as pulmonary fibrosis, cystic fibrosis,

idiopathic pulmonary fibrosis, progressive massive fibrosis, scleroderma, obiiterative

broncniolitis, Hermansky-Pudlak syndrome, asbestosis, silicosis, chronic pulmonary

hypertension, AlDS associated pulmonary hypertension, sarcoidosis, tumor strorna in lung

disease, and asthma; chronic liver disease, primary biliary cirrhosis (PBC), schistosomal liver

disease, liver cirrhosis; cardiovascular conditions such as hypertrophic cardiomyopathy,

dilated cardiomyopathy (DCM), fibrosis of the atrium, atrial fibrillation, fibrosis of the ventricle,

ventricular fibrillation, myocardial fibrosis, Brugada syndrome, myocarditis, endomyocardial

fibrosis, myocardial infarction, fibrotic vascular disease, hypertensive heart disease,

arrhythmogenic right ventricular cardiomyopathy (ARVC), tubulointerstitial and giomerular

fibrosis, atherosclerosis, varicose veins, cerebral infarcts; neurological conditions such as

gliosis and Alzheimer's disease; muscular dystrophy such as Duchenne muscular dystrophy

(DMD) or Becker’s muscular dystrophy (8MB): gastrointestinal conditions such as Chron’s

disease, microscopic colitis and primary sclerosing choiangitis (P86); skin conditions such as

scleroderma, nephrogenic systemic fibrosis and cutis keloid; arthrofibrosis; Dupuytren’s

contracture; mediastinal fibrosis; retroperitoneal fibrosis; myelofibrosis; Peyronie’s disease;

adhesive capsulitis; kidney disease (e.g., renal fibrosis, nephritis syndrome, Alpert's

syndrome, HlV associated nephropathy, polycystic kidney disease, Fabry‘s disease. diabetic

nephropathy, chronic glomerulonephritis, nephritis associated with systemic lupus);

progressive systemic sclerosis (P533); chronic graft versus host disease; diseases of the eye

such as Grave’s opthalmopathy, epiretinal fibrosis, retinal fibrosis, subretinal fibrosis leg.

associated with macuiar degeneration (eg. wet age—related macular degeneration (Aile‘i),

diabetic retinopathy, glaucoma, corneal fibrosis, post-surgical fibrosis (eg. of the posterior

capsule following cataract surgery, or of the blob following trabeculectomy for glaucoma),

coniunctival fibrosis, subconiunctival fibrosis; arthritis; ti'orotlc ore-neoplastic and tibrotic
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neoplastic disease; and fibrosis induced by cl‘ien‘iioai or ei‘ivironmental insult (so, cancer

chemotherapy, pesticides, radiation/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 one of pulmonary librosis, atrial

fibrillation, ventricular fibrillation, hypertrophic cardiomyopathy (HCM), dilated cardiomyopathy

(DCM), non—alcoholic steatohepatitis (NASH), Cirrhosis, chronic kidney disease, scieroderma,

systemic sclerosis, Keloid, cystic fibrosis, (Enron’s disease, post-surgical fibrosis or retinal

fibrosis.

Treatment, prevention or alleviation of fibrosis according to the present invention may be of

fibrosis that is associated with an upregula‘rion of lL-—t 1., eg. an npregolation of lL-—tf in cells or

tissue in which the fibrosis occurs or may occur, or opregolation of extracellular iL—ti or it.—

11R.

Treatment or alleviation of fibrosis may be effective to prevent progression of the fibrosis, eg.

to prevent worsening of the condition or to slow the rate of development of the fibrosis. in

some embodiments treatment or alleviation may lead to an improvement in the fibrosis, eg. a

reduction in the amount of deposited collagen fibres.

Prevention of fibrosis may refer to prevention of a. worsening of the condition or prevention of

the development of fibrosis, eg. preventing an early stage fibrosis developing to a later,

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.

Sam le

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 |L—1 1 expression

levels.

Samples may be used to determine the upregulation of |L-11 or lL-11R in the subject from

which the sample was taken.

In some preferred embodiments a sample may be a tissue sample, e.g. biopsy, taken from

heart, liver or kidney tissue. 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 Colby et al.,

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 2006 vol. 17 no. 11 2992-

2998). In some embodiments, fibroblasts or myofibroblasts may be obtained from eye tissue,

e.g. they may be corneal fibroblasts.

Upregulation of |L—11 or |L—1 1 R expression

Some aspects and embodiments of the present invention concern detection of expression of

lL—11 or lL—1 1 R, 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 |L—1 1 or |L—1 1 R (as a protein or oligonucleotide encoding the

respective |L-11 or |L-1 1 R) and detection of such upregulation as an indicator of suitability for

treatment with an agent capable of inhibiting the action of lL—11 or with an agent capable of

preventing or reducing the expression of lL-11 or lL-1 1 R.

Upregulation of |L—11 or |L—1 1 R expression comprises expression of |L—11 or |L—1 1 R 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 lL—11 or lL—1 1 R in a

cell or tissue. A comparison may be made between the level of lL-11 or lL-11R expression in

a cell or tissue sample from a subject and a reference level of lL—11 or lL—1 1 R, e.g. a value or
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range of values representing a normal level of expression of lL—11 or lL—1 1 R for the same or

corresponding cell or tissue type. In some embodiments reference levels may be determined

by detecting lL—11 or lL—1 1 R 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 or data set.

Levels of expression may be quantitated for absolute comparison, or relative comparisons

may be made.

In some embodiments upregulation of lL—11 or lL—1 1 R may be considered to be present when

the level of expression in the test sample is at least 1.1 times that of a reference level. More

preferably, the level of expression may be selected from one of 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.

lL—11 or lL—1 1 R expression levels may be determined by one of a number of known in 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 lL-11 or lL-

11R in a sample by contacting the sample with an agent capable of binding lL—11 or lL—1 1 R

and detecting the formation of a complex of the agent and lL-11 or lL-1 1 R. The agent may be

any suitable binding molecule, e.g. an antibody, polypeptide, peptide, oligonucleotide,

aptamer or small molecule, and may optionally be labelled to permit detection, e.g.

visualisation, of the complexes formed. Suitable labels and means for their detection are well

known to those in 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. 32P, 33P, 35S),

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 those of 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 amount of lL-11 or lL-11R in a sample. Quantified

amounts of lL—11 or lL—1 1 R from a test sample may be compared with reference values, and

the comparison used to determine whether the test sample contains an amount of lL-11 or lL-

11R that is higher or lower than that of the reference value to a selected degree of statistical

significance.

Quantification of detected |L—11 or |L—1 1 R may be used to determine up— or down—regulation or

amplification of genes encoding lL-11 or lL-1 1 R. 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 whether any statistically significant difference is present.

W

A subject may be selected for treatment based on a determination that the subject has an

upregulated level of |L—11 or |L—1 1 R expression. |L—11 or |L—1 1 R may therefore act as a

marker of a fibrosis that is suitable for treatment with an agent capable of inhibiting the action

of |L—11 or with an agent capable of preventing or reducing the expression of |L—11 or |L—1 1 R.

Upregulation may be in a given tissue or in selected cells from a given tissue. A preferred

tissue may be one of heart, liver or kidney. A preferred tissue may be eye. A preferred cell

type may be fibroblasts or myofibroblasts. Upregulation may also be determined in a

circulating fluid, e.g. blood, or in a blood derived sample. Upregulation of may be of

extracellular lL--11 or lL-—11R.

Determination of lL-11 or lL-1 1 R levels may be performed by assay. preferably in vitro, on a

sample obtained from a subject, as described herein.

Following selection, a subject may be provided with treatment for fibrosis by administration of

an agent capable of inhibiting the action of |L—11 or an agent capable of preventing or

reducing the expression of lL-11 or lL-1 1 R.

In some embodiments a subject may have been diagnosed with fibrosis, be suspected of

having fibrosis or be considered at risk of developing fibrosis and it is of interest whether the

subject will benefit from treatment with an agent capable of inhibiting the action of lL—11 or
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with an agent capable of preventing or reducing the expression of |L—11 or |L—1 1 R. In such

embodiments, the suitability of the subject for such treatment may be determined by

determining whether |L—11 or |L—1 1 R expression is upregulated in the subject. In some

embodiments, lL-11 or lL-11R expression is locally or systemically upregulated in the subject.

Diagnosis and Prognosis

The detection of upregulation of |L-11 or |L-11R expression may also be used in a method of

diagnosing fibrosis or the risk of developing fibrosis in a subject, and in methods of

prognosing or predicting a subject’s response to treatment with an agent capable of inhibiting

the action of |L—11 or an agent capable of preventing or reducing the expression of lL—11 or lL—

11R.

In some embodiments a subject may be suspected of having fibrosis, e.g. based on the

presence of other symptoms indicative 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 lL-11 or lL-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 capable of inhibiting the action of |L—11 or an agent capable of preventing or

reducing the expression of lL-11 or lL-1 1 R.

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 |L—11 or |L—1 1 R 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 |L—11

or an agent capable of preventing or reducing the expression of lL-11 or lL-1 1 R.

In some aspects methods of diagnosis or methods of prognosing or predicting a subject’s

response to treatment with an agent capable of inhibiting the action of lL-11 or an agent

capable of preventing or reducing the expression of IL—11 or IL—1 1 R may not require

determination of lL-11 or lL-11R levels, but may be based on determining genetic factors in

the subject that are predictive of upregulation of |L-11 or |L-11R expression, or upregulation of

lL-11 or lL-11R activity. Such genetic factors may include the determination of genetic
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mutations, single nucleotide polymorphisms (SNPs) or gene amplification in |L—11 and/or |L—

11R that are correlated with and/or predictive of upregulation of lL-11 or lL-11R expression or

activity or |L—1 1 mediated signaling activity. The use of genetic factors to predict

predisposition to a disease state or response to treatment is known in 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 known to those of ordinary skill in the art,

including PCR based assays, e.g. quantitative PCR, competitive PCR. By determining the

presence of genetic factors, e.g. in a sample obtained from a subject, a diagnosis of fibrosis

may be confirmed, and/or a subject may be classified as being at risk of developing fibrosis,

and/or a subject may be identified as being suitable for treatment with an agent capable of

inhibiting the action of |L—11 or an agent capable of preventing or reducing the expression of

|L-11 or |L-11R.

Some methods may comprise determination of the presence of one or more SNPs linked to

secretion of |L-11 or susceptibility to development of fibrosis. SNPs are usually bi-allelic and

therefore can be readily determined using one of a number of conventional assays known to

those of skill 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 Quant Biol 2003. 68: 69-78; Matsuzaki et 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 |L—11 secretion or susceptibility to development of fibrosis.

Accordingly, in one aspect of the present invention a method for screening a subject is

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 SNPs listed 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 r2 2 0.8.
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The determining step may comprise determining whether the minor allele 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 may be, or form part of, a method for determining susceptibility of the

subject to development of fibrosis, or a method of diagnosis or prognosis as described herein.

The method may further comprise the step of identifying the subject as having susceptibility

to, or an increased risk 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 capable of inhibiting the action of Interleukin

11 (IL—1 1) and/or administering an agent capable of inhibiting the action of Interleukin 11 (IL—

11) to the subject in order to provide a treatment for fibrosis in the subject or to prevent

development or progression of fibrosis in the subject.

SNPs that may be determined include one or more of the SNPs listed in Figure 33, Figure 34,

or Figure 35. In some embodiments the method may comprise determining one or more of the

SNPs listed in Figure 33. In some embodiments the method may comprise determining one

or more of the SNPs listed in Figure 34. In some embodiments the method may comprise

determining one or more of the SNPs listed in Figure 35. SNPs may be 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 response to anti—IL—11

treatment based on regulation of VSTstim in trans (Figures 33). In some embodiments a

method may comprise determining which allele is present for one or more of the following

SNPs: rs10831850, rs4756936, r36485827, rs7120273, and $895468. In some embodiments

SNPs are selected as being good predictors of response to anti-IL-1 1 treatment based on

regulation VSTstim—VSTunstim in cis (Figure 34).

In some embodiments SNPs are selected as being good predictors of response to anti—IL—11

treatment based on regulation VSTstim-VSTunstim in trans (Figure 35). In some

embodiments a method may comprise determining which allele 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 chromosome 11 (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 (r2) reflects the degree of linkage

disequilibrium (LD) between two SNPs. As a result of LD between SNPs in local and therefore

co-inherited regions of the genome, the genotype of a given SNP can be inferred by

determining the genotype of a tagging/proxy SNP. The threshold of LD used in the art to

identify pairwise tagging/proxy SNPs is an r2 value of 0.8 (Wang et al. 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 r2 value 2 0.8.

The nucleotide sequence of SNPs is indicated using the “rs” number. The full sequence is

available from the National Center for biotechnology Information (NCBI) database of single

nucleotide polymorphisms (dbSNP) accessible at: https://www.ncbi.nlm.nih.gov/snp.

Methods of 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 sample is

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 which is not practised on the

human or 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

whereas the term "in vivo" is intended to encompass experiments and procedures with 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 as limiting the subject matter described.
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Aspects and embodiments of the present invention will now be illustrated, by way of example,

with reference to the accompanying figures. Further aspects and embodiments will be

apparent to those skilled in the art. All documents mentioned in this text are incorporated

herein by reference.

Throughout this 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 may be 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 other particular 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

W

The fibrotic response is characterized by widespread molecular changes in activated resident

fibroblasts. To establish the role of |L—11 as a key marker of this transition we assessed and

ranked global RNA expression differences in atrial fibroblasts derived from 80 individuals

before and 24 hours after Transforming growth factor beta—1 (TGFBf) activation. We cultured

primary fibroblasts derived from 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 TGF|31 (a powerful pro-fibrotic stimulus) using genome-wide expression

profiling (RNA-Seq) combined with phenotypic assays and genotyping.

|L-11 expression was significantly induced in response to TGFB1 treatment with RNA levels

increasing as much 30x (> 8x on average). |L—11 expression was higher than expression of all

other individual genes (Figures 1a,b), meaning that of the ~11,500 genes expressed in

fibroblasts |L—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 |L—11 protein in activated fibroblasts is the main drivers of fibrosis.
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To assess whether lL-1 1 acts as an autocrine signaling factor that drives fibrosis, we

incubated non—stimulated atrial fibroblasts with recombinant lL—1f and monitored cell

proliferation, myofibroblast generation as well as collagen and periostin expression at the

protein level. We observed an increase in collagen production, cell proliferation and periostin

expression at levels similar to those induced by the TGFBf signaling pathway. lL-1 1 activated

fibroblasts also differentiated into Of-SMA+ myofibroblasts (Figure 2).

In addition to its pro-fibrotic function, lL-11 was also found to play a critical role in the TGFBf

induced fibrotic response itself. Inhibition of lL—11 with a neutralising anti— human lL—ff

monoclonal antibody (Monoclonal Mouse lgGgA; Clone #22626; Catalog No. MAB218; R&D

Systems, MN, USA) reduced the activation of fibroblasts through TGFBf. Cells incubated with

TGFBf did not generate more extracellular matrix proteins when the lL-11 antibody was

present (Figure 3).

We showed that lL-11 neutralizing antibodies prevent TGFBf-induced fibroblast activation.

W

Inflammation and tissue damage stimulates a dynamic process that 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

changes in activated resident fibroblasts that can be induced by TGFBf, a multifunctional

cytokine that is released by local and infiltrating cells.

To identify key markers of this transition we assessed and ranked global RNA expression

differences via transcriptome sequencing in atrial fibroblasts derived from 80 individuals

before and 24 hours after TGF[31 treatment. As discussed in Example 1, lL-11 expression was

significantly upregulated in activated fibroblasts and we showed for the first time that the lL-11

transcriptional response is higher than the transcriptional response of all other individual

genes regulated in fibrosis (Figure 4a). Comparison of the lL-11 expression level in our model

system to various human tissues indicated that high lL—11 levels were also very specific for

the fibrotic response (Figure 4b), making it an ideal marker to assess the extent of fibrosis in

the human body.

To further assess whether lL-11 acts as an autocrine signaling factor that drives fibrosis, we

confirmed that an upregulation of lL—11 RNA (Figure 5a) lead to an increase in |L—11 secretion
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(Figure 5b) from atrial fibroblasts. Incubation of fibroblasts with |L—11 did not increase |L—11

RNA expression (Figure 5c), but lead to an increase in |L-11 secretion from the cells (Figure

5d). This shows that |L—11 is having an autocrine effect on fibroblasts that regulates the

production of |L-11 protein at the translational level.

We then incubated atrial fibroblasts with TGFBf, recombinant lL—11 or TGFBf and a

neutralising anti- human lL-11 monoclonal antibody (Monoclonal Mouse IngA; 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 (dSMA-positive cells), periostin production and cell

proliferation at a similar level for both TGFBf and |L—11 stimulated fibroblasts. In addition to its

pro-fibrotic function, |L-11 was also found to play a critical role in the TGFBf fibrosis itself. The

pro—fibrotic effect of TGFBf was inhibited when we neutralized |L—11 with the antibody

(Figures Ba-c). The same pattern was observed when we monitored the secretion of fibrosis

markers such as |L6, MMP2 and TIMP1 (Figures 6d—f).

We then monitored the deposition of collagen, the pathognomonic hallmark of the fibrotic

response, using a number of 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 RNA levels (Figure 7c) as expected. The response to |L—11 was only

observed at the protein level (Figure 7a,b) and not on the RNA level (Figure 7c). Stimulation

with TGFBf in parallel to inhibiting |L—11 led to an increase in collagen RNA but this TGFBf—

driven effect was not fonNarded to the protein level.

To establish further the central role of lL-11 in fibrosis downstream of multiple pro-fibrotic

stimuli, we assessed |L—11 expression across fibroblast populations derived from four different

tissues in response to TGFBf (Figure 8a), ET-1, (Figure 8b) and PDGF (Figure 8c). We also

administered recombinant |L—11 systemically to C57BL/6 mice and monitored collagen and

aSMA expression. Collagen production was increased across kidney, heart and liver (Figure

8d) and we also detected more activated fibroblasts in the heart and kidney, indicated by

higher dSMA protein levels (Figure Be).

Our findings demonstrate a novel and central role for lL—11 in fibrosis and, most importantly,

show that lL-11 is downstream of the key pro-fibrotic stimuli across several tissues. These

results show that |L-11 is required for TGFBf 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).

Exam Ie 3: Anti-lL-11 antibodies inhibit ro-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 II (ANG 2), platelet-derived

growth factor (PDGF) and endothelin 1 (ET—1), and collagen production was measured.

In addition to induction of lL—11 mRNA expression, each of ANG2, PDGF and ET—1 induced

IL-11 protein expression. Inhibition of lL-11 with a neutralising anti- human IL-11 monoclonal

antibody (Monoclonal Mouse IngA; 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

lL-11 to be the central effector of the major pro-fibrotic stimuli (TGFBt, ANGZ, PDGF and ET-

1).

Example 4: lL-11 R knockdown

HEK cells were transfected (24h) with non-targeting (NT) siRNA or one of four different

siRNAs against the IL11RA1 receptor (siRNAs 5-8; Figure 14; SEQ ID N03 15 to 18). RNA

was extracted and assayed for |L11RA1 mRNA expression by qPCR. Data are shown in

Figure 15 as mRNA expression levels relative to the control (NT).

Example 5: A role for lL-11 in fibrosis

5.1 lL—11 is upregulated in 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 0r 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 ~7OM 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 type 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 (human atrial 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 170) was detected in 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 TGFB1, and this information was integrated with the large

RNA-seq dataset across 35+ human tissues 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, lL—11 was the most strongly upregulated gene in response to stimulation with

TGF[31, and on average across the 160 individuals was upregulated more than 10-fold (Figure

18A).

Upregulation of lL-11 expression was confirmed by ELISA analysis of the cell culture

supernatant of TGF[31 stimulated fibroblasts (Figure 180). As compared to the level of

expression level of lL-11 in other tissues of healthy individuals, this response was observed to

be highly specific to activated fibroblasts (Figure 18D). Various fold changes of IL—11 RNA

expression were also confirmed by qPCR analysis (Figure 18E).

Next, fibroblasts were cultured in vitro and stimulated with several other known pro—fibrotic

factors: ET-1, ANGII, PDGF, OSM and lL-13, and also with human recombinant lL-11. For

analysing upregulation of lL—11 produced in response to stimulation with lL—1 1, it was

confirmed that the ELISA was only able to detect native lL-11 secreted from cells and does

not detect recombinant lL—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. lL-11 is shown to act in an autocrine loop in fibroblasts, which can

result in an upregulation of lL—11 protein as much as 100—fold after 72 hours (Figure 19D).
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Interestingly, this autocrine loop for |L—11 is similar to the autocrine production of lL—6. lL—6 is

from the same cytokine family and also signals via the gp130 receptor (Garbers and Scheller,

2013 Biol Chem 394, 1145—1161), which is proposed to ensure the continued survival and

growth of lung and breast cancer cells (Grivennikov and Karin, 2008 Cancer Cell 13, 7—9).

No increase in |L-11 RNA level was detected in response to stimulation with |L-11 (Figure

19D). Unlike TGFB1, which increases IL—11 expression at both the RNA and protein level,

therefore |L-11 seems to upregulate |L-11 expression only at the post-transcriptional level.
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5.2 lL-11 has a profibrotic role in fibrosis of heart tissue

To explore whether the autocrine production of |L—11 is pro— or anti—fibrotic, fibroblasts were

cultured in vitro with recombinant lL-11, and the fraction of myofibroblasts (oSMA-positive

cells) and extracellular matrix production was analysed.

The expression of dSMA, 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 |L-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 fibroblasts derived from 3 individuals were incubated in 2 wells each for 24h

without stimulation, with TGFB1 (5 ng/ml), or with lL—11 (5 ng/ml). Following incubation, cells

were stained to analyse o-SMA content to estimate the fraction of myofibroblasts, and for

collagen and periostin to estimate ECM production. Fluorescence was measured in 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 |L-6, TIMP1 and MMP2 was analysed via ELISA.

The results are shown in Figures 20A to 20F. TGFB1 activated fibroblasts and increased ECM

production (Figure 20A). Unexpectedly, and in contrast with the anti-fibrotic role described for

lL—11 in heart tissue in the scientific literature, recombinant |L—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 lL-11 and TGFB1 cytokines also significantly increased the secretion of pro-fibrotic

markers |L-6, TIMP1 and MMP2 (Figures 208 to 20E), and to a similar level.

The inventors hypothesized that the contradiction between the present finding that lL-11 is

profibrotic in heart tissue and the antifibrotic role described in the literature might be related to

the use of hum |L-11 in rodents in those previous studies (Obana et al., 2010, 2012;

Stangou et al., 2011; Trepicchio and Dorner, 1998).

To investigate this hypothesis, serial dilutions of both human and mouse |L—11 were

performed, and the activation of human atrial fibroblasts was monitored (Figure 20F). No

activation of fibroblasts was observed at low concentrations of human |L—11 on mouse cells,
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suggesting that previous insights into lL—11 function may in part be due to lL—11—non—specific

observations.

5.3 lL-11 has a profibrotic role in fibrosis of a variety of tissues

To test whether the profibrotic action of lL—1 1 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 lL—1 1, and fibroblast activation and ECM production

was analysed as described above. Increased fibroblast 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 Liver fibrosis

To test whether lL-11 signalling is important in liver fibrosis, human primary liver fibroblasts

(Cell Biologics, Cat#: H—6019) were cultured at low passage in wells of 96—well plates and

either not stimulated, stimulated with TGF[31 (5ng/ml, 24h), lL-11 (5 ng/ml, 24h) or incubated

with both TGFB1 (5 ng/ml) and a neutralising lL-11 antibody (2 ug/ml), or TGFB1 (5 ng/ml)

and an lsotype control antibody. Fibroblast activation (dSMA positive 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 human liver fibroblasts are shown in Figures 38A

to 38D. lL-11 was found to activate liver fibroblasts, and lL-11 signalling was found to be

necessary for the profibrotic action of TGFB1 in liver fibroblasts. Both activation and

proliferation of fibroblasts was inhibited by neutralising anti-lL-11 antibody.

5.3.2 Skin fibrosis

To test whether lL-11 signalling is important in skin fibrosis, primary mouse skin fibroblasts

were cultured at low passage in wells of 96—well plates and either not stimulated, stimulated

with TGFE1 (5ng/ml, 24h) or incubated for 24h with both TGFB1 (5 ng/ml) and a neutralising

lL—11 antibody (2 ug/ml). Fibroblast activation (dSMA positive cells) was then analysed using

the Operetta platform.

The results are shown in Figure 39. TGFB1-mediated activation of skin fibroblasts was

inhibited by neutralising anti—lL—11 antibody.

5.3.3 Fibrosis in multiple organs
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Next, mouse recombinant IL—11 was injected (100ug/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. Compared to injection of Angll (a cytokine that causes an

elevation in blood pressure and hypertrophy of the heart), lL—11 also increased the heart

weight but also kidney, lung and liver weight indexed to body weight (Figure 21 B). Assessing

collagen content in these issues by hydroxyproline assay revealed an upregulation of collagen

production in these tissues, indicating fibrosis as the likely cause for the increase in organ

weight (Figure 6C). Expression of fibrosis marker genes ACTA2 (= aSMA), Col1a1, Col3a1,

Fn1, Mmp2 and Timp1 was also detected by qPCR analysis of RNA isolated from heart,

kidney, lung and liver tissues of these animals.

Example 6: Therapeutic potential of lL-11/lL-11R antagonism

6.1 Inhibition of the fibrotic response using neutralising antagonists of IL-11/lL-11R

Next it was investigated whether the autocrine loop of lL—1 1 secretion was required for the

pro-fibrotic effect of TGFB1 on fibroblasts.

lL-11 was inhibited using a commercially available neutralizing antibody (Monoclonal Mouse

lgG2A; Clone #22626; Catalog No. MAB218; R&D Systems, MN, USA). Fibroblasts were

treated with TGF[31 in the presence or absence of the antibody, and fibroblast activation, the

proportion of proliferating cells and ECM production and markers of the fibrotic response were

measured.

Briefly, atrial fibroblasts derived from 3 individuals were incubated for 24h with TGFB1 (5

ng/ml) or TGFBf 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 lL-6, TIMP1 and MMP2 was also analysed by ELISA.

Fluorescence was normalized to the control group without stimulation.

The results are shown in Figures 22A to 22F. IL—11 inhibition was found to ameliorate TGFB1—

induced fibrosis, and it was shown that IL-11 is essential for the pro-fibrotic effect of TGFB1.

Inhibition of IL—11 was found to ‘rescue’ the TGFBf 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 TGFB1 (5 ng/ml) or TGFfi1 and a neutralizing |L-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 238, and confirm the anti—fibrotic effect of inhibition

of lL-11 using a neutralising antibody.

Next, the ability of several other |L—1 1/lL—1 1 R antagonists to inhibit fibrosis was analysed in

vitro using the atrial fibroblast, TGFBf -induced myofibroblast transition assay described herein

above.

Briefly, human atrial fibroblasts cells were cultured in vitro, stimulated for 24h with TGFB1 (5

ng/ml) or left unstimulated, in the presence/absence of: (i) neutralising anti-lL-11 antibody, (ii)

a |L-11RA-gp130 fusion protein (iii) neutralising anti-lL-1 1 RA antibody, (iv) treatment with

siRNA directed against lL-11 or (v) treatment with siRNA directed against lL-1 1 RA. The

proportion of activated fibroblasts (myofibroblasts) was analysed by evaluating dSMA content

as described above.

The results are shown in Figure 24. Each of the antagonists of |L—11/lL—1 1R signalling was

found to be able to abrogate TGFB1-mediated profibrotic response.

Example 7: In Vivo confirmation of a profibrotic role for lL-11/lL-11 R signalling

7.1 In vitro studies using cells derived from IL—1 1 RA gene knock—out mice

All mice were bred and housed in the same room and provided food and water ad libitum.

Mice lacking functional alleles for lL—11Rd (lL—11RA1 KO mice) were on C57Bl/6 genetic

background. Mice were of 9-11 weeks of age and the weight of animals did not differ

significantly.
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To further confirm the anti-fibrotic effect of inhibition of |L-11/lL-11R signalling, primary

fibroblasts were generated from |L—1 1 RA gene knock—out mice and incubated with primary

fibroblast cells harvested from |L-11RA+/+(i.e. wildtype), |L-11RA+/— (i.e. heterozygous

knockout) and |L—11RA—/—(i.e. homozygous knockout) animals with TGFB1, lL—11 or Angll.

Activation and proliferation of fibroblasts and ECM production was analysed.

Fibroblasts derived from |L-1 1 RA+/+, |L-1 1 RA+/— and |L-11RA-/— mice were incubated for 24

hours with TGFB1, |L-11 or Angll (5 ng/ml). Following incubation, cells were stained for GSMA

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. |L—11RA—/— mice were found not to respond to

pro-fibrotic stimuli. These results suggested that lL-11 signalling is also required for Angll-

induced fibrosis.

Next, it was investigated whether this was also true for other pro—fibrotic cytokines.

Briefly, fibroblasts were cultured in vitro in the presence/absence of various different pro-

fibrotic factors (ANG2, ET-1 or PDGF), and in the presence/absence of neutralising anti-lL-11

antibody or pan anti—TGFB 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 dSMA expression as described above.

The results are shown in Figures 26A and 2GB. |L—11 was found to be required for fibrosis

downstream of various profibrotic stimuli, and was thus identified as a central mediator of

fibrosis induced by a variety of different profibrotic factors.

In a further experiment, the role of |L-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 lL-1 1 RA

(—/—) 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

TGFB1 or lL-11. Images captured at images at the two time points of immediately after

creating the scratch and at 24h were used to determine the area covered by cells, and the

rate of migration was compared between WT and KO fibroblasts. Cell migration (area in the

scratch covered by cells 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 shown to

migrate faster in the presence of TGFB1 and lL-11, indicating a pro-fibrotic effect of both

cytokines in lung fibroblasts. Cells lacking lL—11 signalling derived from KO mice migrated

more slowly as compared to WT cells. They also did not migrate faster in the presence of

TGF[31. The scratch assay revealed that lung fibroblasts lacking lL—11 signalling have a

decrease cell migration rate both in the presence of TGFB1 or lL-11, and at baseline. Thus,

inhibition of lL—11 signalling is anti—fibrotic in the lung.

7.2 Heart fibrosis

The efficacy of lL-11 inhibition to treat fibrotic disorders was investigated in vivo. A mouse

model for cardiac fibrosis, in which fibrosis is induced by treatment with Angll, was used to

investigate whether lL-1 1 RA -/- mice were protected from cardiac fibrosis.

Briefly, a pump was implanted, and wildtype (WT) lL—11RA(+/+) and knockout (KO) lL—11RA(—

/-) mice were treated with Angll (2mg/kg/day) for 28 days. At the end of the experiment,

collagen content was assessed in the atria of the mice using a calorimetric hydroxyproline—

based assay kit, and the level of RNA expression of the markers or fibrosis Col1A2, oSMA

(ACTA2) and tibronectin (Fn1) were analysed by qPCR.

The results are shown in Figures 27A to 27D. The lL-11RA-/- mice were found to be protected

from the profibrotic effects of Angll.

7.3 Kidney fibrosis

A mouse model for kidney fibrosis was established in wildtype (WT) lL-1 1 RA(+/+) and

knockout (KO) lL—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 either fixed 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 (lnvitrogen) and

Qiagen TissueLyzer method followed by RNeasy column (Qiagen) purification. The cDNA was

prepared using iScriptTM cDNA synthesis kit, in which each reaction contained 1ug 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 mRNA expression 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 BM 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 shown in Figure 28. Folate—induced kidney fibrosis is shown to

be dependent on lL-11 mediated signalling. A significant increase in collagen content in

kidney tissue was observed in lL-11RA+/+ mice, indicative of kidney fibrosis. No significant

increase in collagen content was observed in lL-1 1 RA -/- mice. Animals deficient for lL-11

signalling had significantly less collagen deposition in kidneys after toxic injury as compared to

wild type animals.

7.4 Lung fibrosis

lL-11 is confirmed as a key mediator of fibrosis in the lung, skin and eye in further in vivo

models using the lL—1 1 RA —/— knockout mice. Schematics of the experiments are shown in

Figures 29A to 290.

To analyse pulmonary fibrosis, lL-1 1 RA -/- mice and lL-1 1 RA +/+ mice are treated by

intratracheal administration of bleomycin on day 0 to establish a fibrotic response in the lung

(pulmonary fibrosis). Fibrosis of the lung develops by 21 days, at which point animals are

sacrificed and analysed for differences in fibrosis markers between animals with and without

lL—11 signalling. lL—1 1 RA —/— mice have a reduced fibrotic response in lung tissue as compared

to lL-1 1 RA +/+ mice, as evidenced by reduced expression of markers of fibrosis.

7.5 Skin fibrosis

To analyse fibrosis of the skin, lL—1 1 RA —/— mice and lL—1 1 RA +/+ 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 differences in fibrosis markers between animals with and without lL-11 signalling. lL-1 1 RA
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—/— mice have a reduced fibrotic response in skin tissue as compared to |L—1 1 RA +/+ mice, as

evidenced by reduced expression of markers of fibrosis.

7.6 Eye fibrosis

To analyse fibrosis in the eye, lL—1 1 RA —/— mice and lL—1 1 RA +/+ mice undergo

trabeculectomy on day 0 to initiate a wound healing response in the eye. Fibrosis of the eye

develops within 7 days. The fibrotic response is measured and compared between the IL—

11RA -/- mice and lL-1 1 RA +/+ mice. lL-1 1 RA -/- mice have a reduced fibrotic response in

eye tissue as compared to |L-1 1 RA +/+ mice, as evidenced by reduced expression of markers

of fibrosis.

7.7 Other tissues

The effect of lL-1 1 RA knockout on fibrosis is also analysed in mouse models of fibrosis for

other tissues, 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 |L-1 1 RA

-/- mice and lL-1 1 RA +/+ mice. lL-1 1 RA -/- mice have a reduced fibrotic response as

compared to |L-1 1 RA +/+ mice, as evidenced by reduced expression of markers of fibrosis.

Example 8: Analysis of the molecular mechanisms underlying lL-11-mediated induction

of fibrosis

The canonical mode of action of iL—11 is thought to be regulation of RNA expression via

STATE-mediated transcripticn (Zhu et at, 2015 PLoS ONE 10, 930126295), and also through

activation of ERK.
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STATS activation is observed foliowing stimuiation with iL~t ‘i. However, when tibrobiasts are

incubated with TGFist, oniy activation of the canonical SMAD pathway and ERR pathways is

seen, and activation of STATB is not observed, even in spite of the tact that iL—‘l t is secreted

in response to TGFSi. Only ERK activation is common to both TGFB‘E and iL—t‘i signai

transduction.

Cross—taik between T6331 and iL—B signaiiing has previousiy been described, wherein TGFBt

biocks the activation of STATS by iL—o (Waiia et at. 2003 FASEB J. 17, 2130—2t32). Given

the ciose reiationship between lL—6 and iL—‘t t, simiiar cross—taik may be observed for lL—‘lt

mediated signaliing.

The inventors investigated by RNA-seq anaiysis whether regulation of RNA abundance was

the underlying mechanism for the increased expression of fibrosis marker proteins in

response to iL—t t, which wouid suggest STATS as the underiying signailing pathway for lL—tt

mediated profibrotio processes. Fibroblasts were incubated for 24 hours either without

stirnuius, or in the presence of TGFEt, lL—tt or TGFE‘l and lL—tt.

The resuits are shown in Figure 30A. TGFB‘! induced the expression of coiiagen, ACTA2

(oSMA) and other fibrosis marker at the RNA ievei. Howeven iL-tt did not regulate the

expression of these genes. but a different set of genes.

Gene ontoiogy analysis suggests that a pro-fibrotic effect in fibrobiasts is driven by lL-t t —

reguiated RNA expression. Both TGFBt and iLstt reguiate an aimost compieteiy difierent set

of genes on the RNA ievei.

Whilst TGFES‘E increases iL—t‘i secretion, the target genes of iL—t‘i are not regulated when

both TGFSt and EL-tt are present. This suggests that TGFSi upreguiates iL-ti and

simuitaneousiy biocks the canonical iL—i i—driven regulation of RNA expression via STAT3,

simiiar to what is known about the interaction of TGFBi and lL—6 pathways (Waiia et al.. 2003

FASEB J. t7,2130~2132).

We also analysed whether RNA expression differences induced by TGFEt are dependent on

iL—‘it signaliing. by anaiysing changes in RNA expression in fibroblasts obtained from EL—

‘i‘iRA ~/- mice as compared to “:1 1 RA +/+ mice. RNA expression reguiated by TGFBt is stiil

observed when EL-t 1 RA knockout cells were stimuiated with TGFEBt, and RNA ieveis of

dSMA, coitagen etc. were stiii upreguiated in the absence of iL-tt signailing (in iL—t 1RA 1/—
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fibroblasts). When the pto—fibrotie effect of lL—tf and the anti—fibrotie effect of iL—‘i f inhibition

was investigated in vitro, reduced expression of markers of fibrosis was only observed at the

protein level, not at the transcriptional level as determined by qPCR.

The activation of non—canonical pathways leg. ERK signal transduction) is Known to be

crucial for the pro—fibrotic action of TGFE‘l (Guo and Wang, 2608 Cell Res ‘19, 7t~88). it is

likely that non~canonical pathways are likely to be important for signalling for all known pro—

fihrotie cytokines, and that iL—f 1 is a post—transcriptionai reguiator which is essentiai for

fibrosis.

Exam o le 9: Human anti—human lL~11 antihedies 

Fully human anti—human lL—11 antibodies were developed via phage display.

Recombinant human lL—11 (Cat. No. 203108—1) and recombinant murine lL—11 (Cat. No.

203052-1) were obtained from GenScript (NJ, USA). Recombinant human lL-11 was

expressed in CHO cells, both as an Fc-tagged version and a tag-free version. Tag-free murine

|L-11 was expressed in HEK293 cells.

|L-11 bioactivity of recombinant human |L-11 and mouse |L-11 was confirmed by in vitro

analysis using primary fibroblast cell cultures.

Recombinant, biotinylated human lL-11 and murine lL-11 were also prepared by biotinylation

of the recombinant human lL—11 and murine |L—11 molecules, according to standard methods.

Antibodies capable of binding to both human |L—11 and murine lL—11 (Le. cross—reactive

antibodies) were identified by phage display using a human nai've library by panning using

biotinylated and non-biotinylated recombinant human and murine |L-11, based on 16 different

panning strategies.

The phage display identified 175 scFv binders, as ‘first hits’. Sequence analysis of the CDR

sequences from these 175 scFv identified 86 unique scFv.

The soluble scFv were produced by recombinant expression in E. coli, and analysed for their

ability to bind to human |L—11 and murine lL—11 by ELISA. Briefly, the respective antigen was

coated to wells of an ELISA plate, the cell culture supernatant containing the respective scFv

was added at a 1:2 dilution, and binding was detected.

51 54516.1

Ex. 2001 - Page1765



Ex. 2001 - Page1766

10

15

20

25

30

35

-74-

The results of the ELISA analysis revealed:

0 8 scFV capable of binding only to human IL—1 1;

o 6 scFv capable of binding to murine IL—11 only;

0 32 scFv displaying only weak binding to human/murine IL—1 1, with a high signal

to noise ratio, and;

o 40 scFv having cross—reactivity for both human IL—11 and murine IL—1 1.

From these 86 scFV, 56 candidates were selected for further functional characterisation. For

further analyses, the scFV were cloned into scFV-Fc format in E. coli.

The VH and VL sequences of the antibodies were cloned into expression vectors for the

generation of scFv—Fc (human IgG1) antibodies. The vectors were transiently expressed in

mammalian cells cultured in serum-free media, and isolated by protein A purification.

Example 10: Functional characterisation at human anti—human EL~11 antibodies

The antibodies described in Example 9 were analysed in 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 lL—11—mediated signalling, cardiac atrial human

fibroblasts were cultured in wells of 96-well plates in the presence of TGF[31 (5 ng/ml) for 24

hours, in the presence or absence of the anti-IL-11 antibodies. TGFB1 promotes the

expression of IL—1 1, which in turn drives the transistion of quiescent fibroblasts to activated,

aSMA-positive fibroblasts. It has previously been shown that neutralising IL-11 prevents

TGFBt—induced transition to activated, dSMA—positive fibroblasts.

Expression of GSMA 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 dSMA-positive, activated

fibroblasts at the end of the 24 hour culture period, whilst ~52% (= 1.81) of fibroblasts were

dSMA-positive in cultures that were stimulated with TGF[31 in the absence of anti-IL-11

antibodies.

Anti-IL-11 antibodies (2 ug/ml) were added to fibroblast cultures that were stimulated with

TGFBt, and at the end of the 24 hour culture period, the percentage of oSMA—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 TGF[31.

28 of the antibodies were demonstrated to be capable of neutralising signalling mediated by

human |L-11.

A commercial monoclonal mouse anti-|L-11 antibody (Monoclonal Mouse lgG2A; Clone

#22626; Catalog No. MAB218; R&D Systems, MN, USA) was also analysed for ability to

inhibit signalling by human |L—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 |L-11 to a greater extent than the

commercially available mouse anti—IL—f 1 antibody (industry standard.

10.2 Ability to inhibit mouse |L-11 mediated signalling

The ability of the human antibodies to inhibit mouse |L-11-mediated signalling was also

investigated, following the same procedure as described in section 10.1 above, but using

mouse dermal fibroblasts instead of human atrial 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

|L-11. Monoclonal Mouse lgGZA clone #22626, catalog No. MAB218 anti-lL-11 antibody was

also analysed for ability to inhibit signalling by mouse |L-11. This antibody was found to be

able to reduce the percentage of activated fibroblasts to 39.4% (=1.24).

Several of the clones neutralised signalling by mouse |L—11 to a greater extent than the

commercially available mouse anti-lL-11 antibody (industry standard).

10.3 Analysis of antibody affinity for human |L-11

The human anti—human |L—11 antibodies were analysed for their affinity of binding to human

lL-11 by ELISA assay.
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Recombinant human |L—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 TMB solution, 0.02 % hydrogen

peroxide in 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-

Fc antibodies were generated as described in above. Purified mouse and human IgG controls

were purchased from Life Technologies. Tecan Infinite 200 PRO NanoQuant was used to

measure absorbance.

Criss-cross serial dilution analysis was performed as described by Hornbeck et al., (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 assess the binding affinity of primary ScFv-Fc antibodies

at 50% of effective concentration (E050) as previously described (Unverdorben et al., (2016)

MAbs 8, 120—128.). ELISA plates were coated with 1 ug/mL of recombinant human |L-11

overnight at 4°C and remaining binding sites were blocked with 2 % BSA in PBS. ScFv—Fc

antibodies were diluted in 1% BSA in 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 pl of TMB substrate was added for 15 mins and chromogenic

reaction stopped with 100 pl of 2 M H2804. Absorbance reading was measured at 450 nm

with reference wavelength correction at 570 nm. Data were 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.

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 lgG (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-

lL—11 antibodies to recombinant murine IL—11 obtained from Genscript.
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The results of the ELISA assays were used to determine E050 values for the antibodies.

10.4 Ability to inhibit human lL—11 mediated signalling in a variety of tissues

Ability of the antibodies to neutralise lL-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 human fibroblasts, human fibroblasts derived from liver, lung, kidney,

eye, skin, pancreas, spleen, bowel, brain, and bone marrow are used for the experiments.

Anti-lL-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 dSMA-positive fibroblasts at the end of the 24 h culture period in the

presence of the anti—lL—11 antibodies as compared to culture in the absence of the antibodies.

Exam le 11: Inhibition of fibrosis in Vivo usin anti-lL-11 antibodies 

The therapeutic utility of the anti-human lL-11 antibodies is demonstrated in in vivo mouse

models of fibrosis for various different tissues.

11.1 Heart fibrosis

A pump is implanted, and mice are treated with Angll (2mg/kg/day) for 28 days.

Neutralising anti—lL—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 markers or fibrosis Col1A2, dSMA (ACTA2) and fibronectin (Fn1) were

analysed by qPCR.

Mice treated with neutralising anti—IL—11 antibodies have a reduced fibrotic response in heart

tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

11.2 Kidney fibrosis

A mouse model for kidney fibrosis is established, in which fibrosis is induced by

intraperitoneal injection of folic acid (180mg/kg) in vehicle (0.3M NaHC03); control mice were

administered vehicle alone.
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Neutralising anti—lL—11 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 RNA is extracted from the snap-frozen kidney using Trizol reagent (lnvitrogen) and

Qiagen TissueLyzer method followed by RNeasy column (Qiagen) purification. The cDNA is

prepared using iScriptTM cDNA synthesis kit, in which each reaction contained 1ug 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 mRNA expression level and the 2—AACt method is

used to calculate the fold-change. The snap-frozen kidneys are subjected to acid hydrolysis

by heating in BM HCI at a concentration of 50 mg/ml (95°C,20 hours). The amount of total

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 neutralising anti-lL-f 1 antibodies have a reduced fibrotic response in kidney

tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

11.3 Lung fibrosis

Mice are treated by intratracheal administration of bleomycin on day 0 to establish a fibrotic

response in the lung (pulmonary fibrosis).

Neutralising anti-lL-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-lL-1 1 antibodies have a reduced fibrotic response in lung

tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

11.4 Skin fibrosis

Mice are treated by subcutaneous administration of bleomycin on day 0 to establish a fibrotic

response in the skin.
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Neutralising anti-lL-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-lL-1 1 antibodies have a reduced fibrotic response in skin

tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

11.5 Eye fibrosis

Mice undergo trabeculectomy on day 0 to initiate a wound healing response in the eye.

Neutralising anti-lL-11 antibodies. or control antibodies, are administered to different groups of

mice by intravenous injection, and fibrosis is monitored in the eye tissue.

Mice treated with neutralising anti-lL-1 1 antibodies have a reduced fibrotic response in eye

tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

11.6 Other tissues

The effect of treatment with neutralising anti—lL—11 antibodies on fibrosis is also analysed in

mouse models of fibrosis 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—f 1 antibodies have a reduced fibrotic response as

compared to mice treated with control antibodies, as evidenced by reduced expression of

markers of fibrosis.

Example 12: Anfi~human ”:11 Rd antibodies

Mouse monoclonal antibodies directed against human lL—11Ror protein were generated as

follows.

cDNA encoding the amino acid for human lL-11Ro 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 |L-1 1 Rd expression plasmids (cell surface expression of

human |L—11Ro by transiently transfected HEK cells was confirmed with anti—tag antibodies

recognising a tag added to the N-terminus of the |L-11Rq protein).

Antibody-producing cells were isolated from the mice and fused with mouse myeloma cells

(A98) according to standard procedures.

Hybridomas producing antibodies specific for |L-11Ro were identified by screening for ability

to bind to |L—1 1 Rd expressing HEK cells by flow cytometry.

Cell pellets of positive hybridoma cells were prepared using an RNA protection agent

(RNAlater, cat. #AM7020 by ThermoFisher Scientific) and further processed for sequencing of

the variable domains of the antibodies.

Sequencing was performed using Big Dye® Terminator v3.1 Cycle Sequencing kit (Life

Technologies®) according to the manufacturer’s instructions. All data was collected using a

3730xl DNA Analyzer system and Unified Data Collection software (Life Technologies®).

Sequence assembly was performed using CodonCode Aligner (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 |L-11Rq antibody clones were generated.

Example 13: Functional characterisation of anti-human iL—‘i '1 R01 antibodies

13.1 Ability to inhibit human |L-11/lL-11R mediated signalling

To investigate the ability of the anti—lL—1 1 Rd antibodies to neutralise human |L—11/lL-1 1R

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 absence of the anti—lL—1 1Ro

antibodies. This profibrotic stimulus promotes the expression of lL-11, which in turn drives the

transistion of quiescent fibroblasts to activated, oSMA—positive fibroblasts. It has previously

been shown that neutralising |L-11 prevents TGFB1-induced transition to activated, oSMA-

positive fibroblasts.

Anti—IL—1 1 Rd antibodies (2 ug/ml) were added to fibroblast cultures that were stimulated with

TGF[31, and at the end of the 24 hour culture period, the percentage of oSMA-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 TGF[31.

Expression of dSMA was analysed with the Operetta High—Content Imaging System in an

automated high-throughput fashion.

Stimulation with TGFBf resulted in a 1.58 fold increase in the number of dSMA-positive,

activated fibroblasts at the end of the 24 hour culture period in the absence of anti-IL-11Ro

antibodies.

A commercial monoclonal mouse anti—IL—11 antibody (Monoclonal Mouse lgG2A; Clone

#22626; Catalog No. MAB218; R&D Systems, MN. USA) was included 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—lL—1 1 RC1 antibodies were found to be able to inhibit lL—11/IL—1 1R signalling in human

fibroblasts, and several were able to inhibit lL-11/IL-11R signalling to a greater extent than the

monoclonal mouse anti-IL-11 antibody.

13.2 Ability to inhibit mouse lL-11 mediated signalling

The ability of the anti—IL—1 1Rd antibodies to inhibit mouse lL—11—mediated signalling was also

investigated. following the same procedure as described in section 13.1 above. but using

mouse atrial fibroblasts instead of human atrial fibroblasts.

Stimulation with TGFB1 resulted in a 2.24 fold increase in the number of dSMA-positive,

activated fibroblasts at the end of the 24 hour culture period in the absence of anti—IL—1 1R0

antibodies.

The commercial monoclonal mouse anti-IL-11 antibody (Monoclonal Mouse lgG2A; Clone

#22626; Catalog No. MA8218; R&D Systems, MN, USA) was included 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 TGF[31).
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The anti—lL—1 1 Rd antibodies were found to be able to inhibit |L—11/IL—1 1R signalling in mouse

fibroblasts, and several were able to inhibit |L-11/IL-11R signalling to a greater extent than the

monoclonal mouse anti—|L—11 antibody.

13.3 Screening for ability to bind IL—11Ro

The mouse hybridomas producing anti-human |L-11Ro antibodies were sub-cloned, and cell

culture supernatant from the subcloned hybridomas was analysed by “mix—and—measure” iQue

assay for (i) ability to bind to human |L-11Ro, and (ii) cross reactivity for antigen other than IL-

11Ro.

Briefly, labelled control cells (not expressing |L-11Ro at the cell surface) and unlabelled target

cells expressing human |L—11Ro at their surface (following transient transfection with a

plasmid encoding a FLAG-tagged human |L-11Ro) were mixed together with the cell culture

supernatant (containing mouse—anti—IL—1 1 Rd antibodies) and secondary detection antibodies

(fluorescentIy-Iabelled anti-mouse lgG 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, |L-11Ro expressing cells indicated ability of the mouse-anti- lL-11Ro

antibodies to bind to |L-11Ro. Detection of the secondary antibody on the labelled, control

cells indicated cross—reactivity of the mouse—anti—lL—1 1 Rd antibodies for target other than |L—

11Ro.

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 was able to bind to

human |L—11Ro, and which recognised this target with high specificity.

13.4 Analysis of antibody affinity for human |L—11Ro

The anti-human |L-11Ro antibodies are analysed for their affinity of binding to human |L-11Ro

by ELISA assay.

Recombinant human IL—11FIor is obtained from Genscript and Horseradish peroxidase (HRP)—

conjugated anti-human lgG (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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peroxide in 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

NanoQuant is used to measure absorbance.

Criss-cross serial dilution analysis was performed as described by Hornbeck et al., (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 assess the binding affinity of the mouse anti—|L—1 1R0

antibodies at 50% of effective concentration (E050) as previously described (Unverdorben et

al., (2016) MAbs 8, 120—128.). ELISA plates are coated with 1 ug/mL of recombinant human

|L-11Rd overnight at 4°C, and remaining binding sites are blocked with 2 % BSA in PBS. The

antibodies are diluted in 1% BSA in 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/mL of

HRP-conjugated anti-mouse lgG antibody. Following 2 hours of incubation with the detection

antibody, 100 ul of TMB substrate is added for 15 mins and chromogenic reaction stopped

with 100 pl of 2 M H2804. 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 lL—11/lL—1 1R signalling in a variety of tissues

Ability of the antibodies to neutralise |L-11/lL-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 human fibroblasts, human fibroblasts derived from liver, lung, kidney,

eye, skin, pancreas, spleen, bowel, brain, and bone marrow are used for the experiments.

Anti-|L-11Ra antibodies are demonstrated to be capable of neutralising lL-11/lL-11R signalling

in fibroblasts derived from the various different tissues, as determined by observation of a

relative decrease in the proportion of dSMA-positive fibroblasts at the end of the 24 h culture

period in the presence of the anti—IL—f 1 Rd antibodies as compared to culture in the absence of

the antibodies.

Example 14: Inhibition of fibrosis in Vivo using anti-lL—11Ror antibodies
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The therapeutic utility of the anti—human |L—11Rd antibodies is demonstrated in vivo in mouse

models of fibrosis for various different tissues.

14.1 Heart fibrosis

A pump is implanted, and mice are treated with Angll (2mg/kg/day) for 28 days.

Neutralising anti—IL—1 1 Rd 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 markers or fibrosis Col1A2, ClSMA (ACTA2) and fibronectin

(Fn1) were analysed by qPCR.

Mice treated with neutralising anti-lL-1 1 Rd antibodies have a reduced fibrotic response in

heart tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

14.2 Kidney fibrosis

A mouse model for kidney fibrosis is established, in which fibrosis is induced by

intraperitoneal injection of folic acid (180mg/kg) in vehicle (0.3M NaHCOs); control mice were

administered vehicle alone.

Neutralising anti-lL-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 RNA is extracted from the snap-frozen kidney using Trizol reagent (lnvitrogen) and

Qiagen TissueLyzer method followed by RNeasy column (Qiagen) purification. The cDNA is

prepared using iScriptTM cDNA synthesis kit, in which each reaction contained 1ug 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 mRNA expression level and the 2—AACt method is

used to calculate the fold—change. The snap—frozen kidneys are subjected to acid hydrolysis

by heating in BM HCI at a concentration of 50 mg/ml (95°C,20 hours). The amount of total

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-lL-1 1 Rd antibodies have a reduced fibrotic response in

kidney tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

14.3 Lung fibrosis

Mice are treated by intratracheal administration of bleomycin on day 0 to establish a fibrotic

response in the lung (pulmonary fibrosis).

Neutralising anti—lL—1 1 Rd 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-lL-1 1 Rd antibodies have a reduced fibrotic response in lung

tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

14.4 Skin fibrosis

Mice are treated by subcutaneous administration of bleomycin on day 0 to establish a fibrotic

response in the skin.

Neutralising anti-lL-11Rd 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—lL—1 1 Rd antibodies have a reduced fibrotic response in skin

tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

14.5 Eye fibrosis

Mice undergo trabeculectomy on day 0 to initiate a wound healing response in the eye.

Neutralising anti-lL-11Ro 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—lL—1 1 Rd antibodies have a reduced fibrotic response in eye

tissue as compared to mice treated with control antibodies, as evidenced by reduced

expression of markers of fibrosis.

14.6 Other tissues

The effect of treatment with neutralising anti-lL-11Rq antibodies on fibrosis is also analysed in

mouse models of fibrosis 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—lL—1 1 Rd antibodies have a reduced fibrotic response as

compared to mice treated with control antibodies, as evidenced by reduced expression of

markers of fibrosis.

 
Decoy lL-1 1 Receptor molecules were designed and cloned into the pTT5 vector for

recombinant expression in 293-6E cells.

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 amino acid

linker region, followed by cDNA encoding the ligand binding domains D2 and D3 of human lL—

11Ro, followed by cDNA encoding the FLAG tag. The cDNA insert incorporated a leader

sequence, Kozak sequences at the 5’ end, and included a 5‘ EcoRl restriction site and a 3’

Hindlll restriction site (downstream of a stop codon) for insertion into the pTT5 vector.

The two constructs encoding a decoy lL-1 1 receptor molecule having either a 50 amino acid

or 33 amino acid sequence are respectively designated Decoy lL-11 Receptor 1 (D1 1R1) and

Decoy lL—11 Receptor 2 (D1 1 R2).

15.2 Decoy lL—f‘i Recegtor expression and gurification

The constructs were transfected into 293—BE cells fer recombinant expression and purification.

293—6E cells were grown in serum—free FreeStyieTM 293 Expression Medium (Life

Technologies, Carisbad, CA, USA). Ceiis 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 cetis were seeded at an appropriate density in Corning

Erienmeyer Flasks. On the day of transfection, DNA and transfection reagent were mixed at

an optimal ratio and then added into the flask. with ceits ready for transfection. The

recombinant plasmids encoding Dt 1 Rt and D1 1R2 were transientty transfected into

suspension 293—6E ceii cultures on two separate days.

Ceii cuiture supernatants were cetiected on day 6 and used for purification. Briefly, cell culture

broths were centrifuged and filtrated. 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.A00170) to

confirm expression of the FLAG-tagged decoy |L-11 receptor molecules.

The purified species were quantified and stored at -80°C.

Example 16: Functional characterisation of Decoy lL-11 Receptors

16.1 Ability to inhibit human |L-11 mediated signalling

To investigate ability to neutralise human |L-11-mediated signalling, cardiac atrial human

fibroblasts were cultured in wells of 96-well plates in the presence of TGF[31 (5 ng/ml) for 24

hours, in the presence or absence of various concentrations of Di 1R1 or D11R2.

TGFB1 promotes the expression of |L-11, which in turn drives the transition of quiescent

fibroblasts to activated, orSMA—positive fibroblasts. It has previously been shown that

neutralising |L-11 prevents TGFB1-induced transition to activated, dSMA-positive fibroblasts.

Expression of oSMA was analysed with the Operetta High-Content Imaging System in an

automated high—throughput fashion.

Di 1 R1 or D1tR2 were added to fibroblast cultures that were stimulated with TGFB1 at final

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 GSMA-positive fibroblasts in the culture was determined.

Both {)1th 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 D11R1 and D11R2

were demonstrated to be capable of neutralising signalling mediated by human lL-11 in a

dose—dependent manner.

The IC50 for the D11 R1 and D11R2 molecules was determined to be ~1 nM.

16.2 Ability to inhibit mouse lL—11 mediated signalling

The ability of D11R1 and D11R2 to inhibit mouse lL-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.

D11R1 and D11R2 are demonstrated to be capable of neutralising IL—11/IL—11R signalling in

mouse dermal fibroblasts, as determined by observation of a relative decrease in the

proportion of dSMA—positive fibroblasts at the end of the 24 h culture period in the presence of

D11R1 or 1311112 as compared to culture in the absence of the decoy lL-11 receptors.

16.3 Analysis of decoy lL-11 receptor affinity for IL-11

D11R1 and D11R2 are analysed for their affinity of binding to human IL—11 by ELISA assay.

Recombinant human lL-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 TMB solution, 0.02 % hydrogen peroxide in 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 NanoQuant is

used to measure absorbance.

An indirect ELISA is performed to assess the binding affinity of D11R1 and [311122 at 50% of

effective concentration (E050) 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. D1 1 R1 and D1 1 R1 are

diluted in 1% BSA in 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 lL—11 receptor binding is performed with HRP—

conjugated anti-FLAG antibody. Following 2 hours of incubation with the detection antibody,

100 pl of TMB substrate is added for 15 mins and chromogenic reaction stopped with 100 pl

of 2 M H2804. Absorbance reading is measured at 450 nm with reference wavelength
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correction at 570 nm. Data are fitted with Graph Pad Prism software with log transformation of

decoy lL-11 receptor concentrations followed by non-linear regression analysis with the

asymmetrical (five—parameter) logistic dose—response curve to determine E050 values.

The same materials and procedures as described above were performed to determine the

affinity of binding to recombinant murine lL-11 obtained from Genscript.

16.4 Ability to inhibit human lL-11 mediated signalling in a variety of tissues

Ability of the decoy lL-11 receptors [)1th and D1 1R2 to neutralise lL-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 human fibroblasts, human

fibroblasts derived from liver, lung, kidney, eye, skin, pancreas, spleen, bowel, brain, and

bone marrow are used for the experiments.

D11R1 and D1 1 F12 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 oSMA-positive fibroblasts at the end of the 24 h culture period in the

presence of the decoy lL—1 1 receptors as compared to culture in the absence of the decoy IL—

11 receptors.

Example 17: Inhibition of fibrosis in viva using decoy lL-11 receptors

The therapeutic utility of the decoy lL-11 receptors is demonstrated in in vivo mouse models

of fibrosis for various different tissues.

17.1 Heart fibrosis

A pump is implanted, and mice are treated with Angll (2mg/kg/day) for 28 days.

Decoy lL-11 receptors D1 1 R1 or D1 1 R2 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 markers or fibrosis Co|1A2, dSMA (ACTA2) and fibronectin (Fn1) were analysed by

qPCR.

Mice treated with decoy lL—11 receptors have a reduced tibrotic response in heart tissue as

compared to untreated/vehicle treated controls, as evidenced by reduced expression of

markers of fibrosis.

51 54516.1

Ex. 2001 - Page1781



Ex. 2001 - Page1782

10

15

20

25

30

35

-90-

17.2 Kidney fibrosis

A mouse model for kidney fibrosis is established, in which fibrosis is induced by

intraperitoneal injection of folic acid (180mg/kg) in vehicle (0.3M NaHC03); control mice were

administered vehicle alone.

Decoy IL—11 receptors D1 1 R1 or D1 1 R2 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 RNA is extracted from the snap—frozen kidney using Trizol reagent (lnvitrogen) and

Qiagen TissueLyzer method followed by RNeasy column (Qiagen) purification. The cDNA is

prepared using iScriptTM cDNA synthesis kit, in which each reaction contained 1ug 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 mRNA expression level and the 2—AACt method is

used to calculate the fold-change. The snap-frozen kidneys are subjected to acid hydrolysis

by heating in BM HCI at a concentration of 50 mg/ml (95°C,20 hours). The amount of total

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 lL—11 receptors have a reduced fibrotic response in kidney tissue as

compared to untreated/vehicle treated controls, as evidenced by reduced expression of

markers of fibrosis.

17.3 Lung fibrosis

Mice are treated by intratracheal administration of bleomycin on day 0 to establish a fibrotic

response in the lung (pulmonary fibrosis).

Decoy lL-11 receptors D1 1 R1 or D1 1 R2 are administered to different groups of mice by

intravenous injection. Mice are sacrificed at day 21, and analysed for differences in fibrosis

markers.
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Mice treated with decoy |L—11 receptors have a reduced fibrotic response in lung tissue as

compared to untreated/vehicle treated controls, as evidenced by reduced expression of

markers of fibrosis.

17.4 Skin fibrosis

Mice are treated by subcutaneous administration of bleomycin on day 0 to establish a fibrotic

response in the skin.

Decoy lL-11 receptors D1 1 R1 or D1 1 R2 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 decoy |L-11 receptors have a reduced fibrotic response in skin tissue as

compared to untreated/vehicle treated controls, as evidenced by reduced expression of

markers of fibrosis.

17.5 Eye fibrosis

Mice undergo trabeculectomy procedure as described in Example 7.6 above to initiate a

wound healing response in the eye.

Decoy |L—11 receptors D1 1 R1 or D1 1 R2 are administered to different groups of mice by

intravenous injection, and fibrosis is monitored in the eye tissue.

Mice treated with decoy |L-11 receptors have a reduced fibrotic response in eye tissue as

compared to untreated/vehicle treated controls, as evidenced by reduced expression of

markers of fibrosis.

17.6 Other tissues

The effect of treatment with decoy |L-11 receptors D1 1 R1 or D1 1 R2 on fibrosis is also

analysed in mouse models of fibrosis for other tissues, such as the liver, kidney, bowel, and is

also analysed in a model relevant to multiorgan (i.e. systemic) fibrosis.

The fibrotic response is measured and compared between mice treated with decoy |L-11

receptors and untreated mice, or vehicle treated controls. . Mice treated with decoy |L—1 1

receptors have a reduced fibrotic response as compared to untreated/vehicle treated controls,

as evidenced by reduced expression of markers of fibrosis.
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Example 18: Genetic biomarkers for |L-11 response

In addition to measuring |L-11 protein as a potential biomarker for fibrosis, we developed an

assay that can predict |L—11 secretion status in humans. This assay could be used as a

companion diagnostic in lL-11-related clinical trials.

We first generated RNA-seq 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).

We then performed genome—wide linkage eQTL analysis to assess whether Single Nucleotide

Polymorphisms (SNPs) affect RNA transcript levels of |L-11 or |L-1 1 RA in unstimulated

fibroblasts, in TGFB1 stimulated (5ng/ml, 24h) fibroblasts. We also tested if the increase in IL—

11 upon TGFB1 stimulation (= response) was dependent on the genotype.

At first we quantified the read count for both lL-11 and lL-1 1 RA in all individuals and

transformed these counts using the variance stabilization (VST) approach of the DESeq2

method (Love at al., Genome Biology 2014 15:550). We then considered lL-11 and lL-1 1 RA

expression in unstimulated (VSTunsfim) and stimulated (VSTsfim) cells. To assess the increase in

|L-11, we also computed the delta in expression as VSTS“rrl — VSTunSum. We corrected the

expression values using covariates such as RNA sequencing library 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).

We did 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 between individuals that

do express low levels of |L—11 and those that express high amounts of lL—11 in fibrosis. We

also detected local and distal variants that predicted the increase in lL-1 1 expression in

response to TGFBt. These variants can be used to stratify individuals into high and low

responders in fibrosis.

The SNPs identified are shown in Figures 33 to 35 and accompanying data is shown in

Figures 36 and 37.
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 \mmmw“1““   

T5113 cf

invention TREATMENT OF FSBROSES

  
This dedaraiion
is directed.5:

m The atiached applicaticm, or

131 United Siates applicaktion or PCT internationai appiica‘lion number
med cm December 162016

The above—identified applicafiun was; made er authorized to be made by mg.

 1 behave 1 am the CH nai 1nventc3r or an original joini imam-3r of a claimed inventien in the application.

1 have rev1ewed and understand 1119 1,.cntent-s 011119 above- iédanfii.ied appficafion, inciuding the claims.

1 acknawiedge the duty to disdcse 19 the
rrsateriai to patentabiiizy as defined in 3}“ 

‘ =th q ‘M Patent and Trademaik 011106 5111 information kmer to me to be

AH statemems made hsrein of my own knowiedge are trusa. afid 311 estateméants made. herein on information and belies? are
beiieved ta be true.

1 hereb‘ ackr10w1edge that any w'51fui fa!-39 statement and the 11'Ke maeie':n this; declarationIS pun;shab1e by fine or
imprisonmevfi of no: more 1?!” we {5})years 0: boih. unde: 18 U8.0 . §1GD1 and any jeopaudizshe vafiidity (31'th
appiicatian er any patent 1334,15ng thereon.

 
LEGAL NAME

inventsr one:

Signature:

LEGAL. NAME—31:31? ABE-1:?  

 

 
 
 

iQNAL JOINT1N‘VW

inventor Ewe:  
Signatu.‘ ‘

  L:F GAL. ' .......

inventor 1h ree: ________________________________________________________________________________ Date: WW ::

Signature:  

 1. EGAL NAME ’3’"?

lnvenicr €01.51: ,, u k: Date: 

 
 Ema! formis} attached hereto.

 

ATTORNEY DOCKET No. MGM‘sJGGEZUSOO PAGE 1 0.: 1
5158858.“!
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Application Data Sheet

Inventor Information

Inventor Number:

Given Name:

Middle Name:

Family Name:

City of Residence:

Country of Residence:

1

Stuart

Alexander

Cook

Singapore

Republic of Singapore

Street of mailing address: 6 Sunset Square

Clementi Park

City of mailing address: Singapore

Country of mailing address: Republic of Singapore

Postal or Zip Code of mailing address: 597304

Inventor Number: 2

Given Name: Sebastian

Family Name: Schaefer

City of Residence: Singapore

Country of Residence: Republic of Singapore

Street of mailing address: 76 Shenton Way

76 Shenton #24-04

City of mailing address: Singapore

Country of mailing address: Republic of Singapore

Page # 1 New 05/24/2018
63326951
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Postal or Zip Code of mailing address:

Correspondence Information

Correspondence Customer Number:

Application Information

Application Type:

Subject Matter:

CD-ROM or CD-R?:

Sequence submission?:

Computer Readable Form (CRF)?:

Title:

Attorney Docket Number:

Request for Early Publication?:

Request for Non-Publication?:

Total Drawing Sheets:

Small Entity?:

Petition included?:

Portions or all of the application associated with this

Application Data Sheet may fall 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

TREATMENT OF FIBROSIS

M0546.70012USO1

No

No

66

No

No

No

23628

New 05/24/2018
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Domestic Priority Information

Application: ContinuityType: ParentApplication: ParentFiling PriorAppl
Date: Status:

This Application 15/381622 12/16/16 
Foreign Priority Information

Country: Application Filing Date: Priority DAS
number: Claimed: Access: United Kingdom 15221864 12/16/15 --

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

1

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: Republic of Singapore

Postal or Zip Code of mailing address: 119077

Assignee Information Including Non-Applicant Assignee Information

Assignee Number: 1

Organization Name: Singapore Health Services PTE LTD.

Street of mailing address: #03-03, Bowyer Block

31 Third Hospital Avenue

City of mailing address: Singapore

Country of mailing address: Republic of Singapore

Postal or Zip Code of mailing address: 168753

Assignee Number: 2

Organization Name: National University of Singapore

Street of mailing address: 21 Lower Kent Ridge Road

City of mailing address: Singapore

Country of mailing address: Republic of Singapore

Postal or Zip Code of mailing address: 119077

Page # 4 New 05/24/2018
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Authorization or Opt-Out of Authorization to Permit Access

When this Application Data Sheet is properly signed and filed 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 not to provide an authorization identified in subsection 1 below, applicant must opt-out of 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 INITIAL filing of an
application. After the initial filing 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 Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People‘s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its 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 date of filing 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 access to 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 CFR1.14(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 anlication.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to 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 USPTO to 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: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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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 INITIAL filing of the application M either box A or B is n_ot 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 more joint inventors. this form must be signed by a
patent practitioner, a_H joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AlA/81) on behalf of a_Hjoint 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
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Application No: Not Yet Assigned 5 Docket No.: M054670012USOI

REMARKS

Entry of this amendment prior 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 pending in this application. By this amendment, Applicant is

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 as filed, 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

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

Page 2 lines 32-36; page 3. lines 31-32; page 25, lines 28-30

Page 4 lines 4-7; page 7 lines 20-21

Page 8, lines 6-9  
63323651
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Application No: Not Yet Assigned 6 Docket No.: M054670012USOI

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.1 73,073
WOLF, GREENFIELD & SACKS, PC.
600 Atlantic Avenue

Boston, Massachusetts 02210-2206
617.646.8000

63323651
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Application No.: Not Yet Assigned 3 Docket No.: M0546.70012USOI

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 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 Interleukin 11 receptor 0L (IL-l lRa [anti—interleukin—l—l—(LITl—H antibody which is capable of;

wherein—WWWinhibiting Interleukin ll (IL-1 1)

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-ll receptor.

22. (New) The method of claim 1, wherein the antibody is an IL-l le 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 method of claim 1, wherein the fibrosis is in the liver and is associated with

chronic liver disease or liver cirrhosis.

25. (Ncw) The method of claim 1, wherein the fibrosis is in the kidney and is associated with

chronic kidney disease.

26. (New) The method of claim 1, wherein the fibrosis is in the eye and is retinal fibrosis,

epiretinal fibrosis, or subretinal fibrosis.

27. (New) The method of claim 1, wherein the method of treating fibrosis comprises

administering said antibody to a subject in which IL-l lRor expression is upregulated.

63323651
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Application No: Not Yet Assigned 4 Docket No.: M0546.70012USOI

28. (New) The method of claim 1, wherein the method of treating fibrosis comprises

administering said antibody to a subject in which IL—l IROL expression has been determined to be

upregulated.

29. (New) The method of claim 1, wherein the method of treating fibrosis comprises

determining whether IL—11R0t expression is upregulated in the subject and administering said

antibody to a subject in which IL—l iROL expression is upregulated.

63323651
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[‘0Application No: Not Yet Assigned Docket No.: M0546.70012USOl

AMENDMENTS TO THE SPECIFICATION

Please amend the paragraph beginning on page 1, line 5 entitled “RELATED

APPLICATIONS” with the following amended paragraph:

RELATED APPLICATIONS

The present application is a divisional application of US. Application No. 15/3812622: filed

December 16 2016 which claims priority under 35 USC § 119(a)—(d) to United Kingdom

Application No. 15221864, filed December 16, 2015. The entire contents of the aforementioned

applications arethis—a-ppl-ieatien—is hereby incorporated by reference herein.

 

63323651
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Docket No.: M0546.700l ZUSOl

(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: Stuart Alexander Cook

Application No.: Not Yet Assigned

Confirmation No.: Not Yet Assigned

Filed: Concurrently Herewith
For: TREATMENT OF FIB ROSIS

Examiner: Not Yet Assigned

Art Unit: Not Yet Assigned

FIRST PRELIMINARY AMENDMENT UNDER 37 C.F.R. 1.115 

Mail Stop Amendment
Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

INTRODUCTORY COMMENTS

Prior to examination on the merits, please amend the above-identified US. patent

application as follows:

Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claims are reflected in the listing of claims which begins on page 3 of

this paper.

Remarks/Arguments begin on page 5 of this paper.

63323651
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DUE) Stacie: PA.
Documeni Description: Power oI Attamey PTQIAIA/azs (-37» I 3;

Approved (or 1.2% U1:ough MISC/2014 OMB 0535‘ 0051
 

U.8. Patent and Trademark O‘Iice; LI.“‘-,~ DEPAFITME: NI“ OI‘ :"MII. HCE
Under the Papezwork Reduction Act of 1995 no persons are required I:- respond In a so:Eszmian oi Infurmatien uniessI': d5 spiays 3 val:of OMB commi n-mber
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I: 1 Legal Represe“1.913% of a Deceased or Legaiiy incapacitated Invemor (IItIe not quutred beiaw)
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The undsrsigned (whase title.5 . ac; m1 beI'IaII 031m appImm (9.9., where. the app-IIcant a fix 'sIIc eniin‘),

 

Signature

 Sfiqnm Thin I 311 must be signed by the ap, II
3:91:23 II mi:H3 than Que awfic.‘31: use multipie 1‘;
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Electronic Patent Application Fee Transmittal

——
——

Title of Invention: TREATMENT OF FIBROSIS

First Named Inventor/Applicant Name: Stuart Alexander Cook

Attorney Docket Number: M0546.70012USO1

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Sub-Total in

Description Quantity USD($) 

Basic Filing:

UTILITY APPLICATION FILING 

UTILITY SEARCH FEE

UTILITY EXAMINATION FEE I311

UTILITY APPL SIZE FEE PER 50 SHEETS >100

  
 

Miscellaneous-Filing: 

Petition:
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Patent-Appeals—and-lnterference:

Post-Allowance-and-Post-lssuance:

Extension-of—Time:

Miscellaneous:

 
Total in USD ($) 2120
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Electronic Acknowledgement Receipt

“—

——

Title of Invention: TREATMENT OF FIBROSIS

“—

——

Application Type: Utility under 35 USC 111(a)

 
 

Payment information:

Deposit Account 232825

Authorized User WolfGreenfield

The Director ofthe USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.16 (National application filing, search, and examination fees)
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Document Document Descri tion File Size(Bytes)I Multi Pages
Number p Message Digest Part I.zip (if appl.)

Transmittal of New Application M054670012USOi—TRN—AM.pdf B9697bb34985057b03b15392edf5el50535
0c6f5

Information:

Fee Worksheet ($806) M054670012USOiiFEEiAM.pdf dcclB :72b1fc21b8678205 61 FaucBb‘lfcblu
f9d

Information: 

467461

M054670012USO1—UTLAPL—AM.

pdf d35etdfl73c3055f8300369f4c5dae417696
970C
 

Multipart Description/PDF files in .zip description 

Document Description

 

 

Specification

 
 

Warnings:

Information:

5131255

Drawings—other than black and white M054670012U501—DRW—AM.
line drawings pdf 314853Laddc9d9d915646317med9ede43b

53923

Information:

134507

M054670012 USO1—INVDEC—AM.
Oath or Declaration filed

pdf Sab6b13c41464e0353761d3a38a5f2f5eae a
[#75

 
Ex. 2001 - Page1869



Ex. 2001 - Page1870

Information:

Application Data Sheet M054670012USOi—ADS—AM.pd dcgglbt5f64c16bf7ee6331l8bd5131ela3
0164

M054670012 USOl -PAlVlN-AlVl.

pdf agbsssgsfsezngbazeebabasi 966fb00dc365:

Multipart Description/PDF files in .zip description

 

Warnings: 

Information:

This is not an USPTO supplied ADS fillable form

Document Description

Applicant Arguments/Remarks Made in an Amendment -—

SDEClficatlon

Warnings: 

Information:

M054670012USOI—POA—NUS—

Power of Attorney AM pdf (1 h2r7934fi9ad I47Hhal Sffififiaeifglaad ”I
Hel

 

Warnings:

Information:

M054670012USO'I—POA—SHS—

Power of Attorney AM pdf l03991955b73556b22c23863326224l€635
96570

 
Information:

Sequence Listing (Text File) M054670012USOiASEQAAM.txt

 
Information: 
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Fee Worksheet ($806) feeiinfopdf 2781966d3ecd84e3965283f73d83l1e916e
35405

Information: 

Total Files Size (in bytesfi 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

lfa new application is being filed and the application includes the necessary components for 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 shown on this
Acknowledgement Receipt will establish the filing 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/DOIEOI903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
lfa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number

and of the International Filing Date (Form PCT/ROI105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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