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Over-expression of the epidermal growth factor receptor
(EGFR) is a hallmark of numerous solid tumors, thus provid-
ing a means of selectively targeting therapeutic agents.
Heparin-binding epidermal growth factor (HBEGF) binds to
EGFRs with high affinity and to heparan sulfate proteogly-
cans, resulting in increased mitogenic potential compared to
other EGF family members. We have investigated the feasibil-
ity of using HBEGF to selectively deliver a cytotoxic protein
into EGFR-expressing tumor cells. Recombinant fusion pro-
teins consisting of mature human HBEGF fused to the plant
ribosome-inactivating protein saporin (SAP) were expressed
in Escherichia coli. Purified HBEGF-SAP chimeras inhibited
protein synthesis in a cell-free assay and competed with EGF
for binding to receptors on intact cells. A construct with a
22-amino-acid flexible linker (L,,) between the HBEGF and
SAP moieties exhibited an affinity for the EGFR that was
comparable to that of HBEGF. The sensitivity to HBEGF-L,,-
SAP was determined for a variety of human tumor cell lines,
including the 60 cell lines comprising the National Cancer
Institute Anticancer Drug Screen. HBEGF-L,,-SAP was cyto-
toxic in vitro to a variety of EGFR-bearing cell lines and
inhibited growth of EGFR-over-expressing human breast
carcinoma cells in vivo. In contrast, the fusion protein had no
effect on small-cell lung carcinoma cells, which are EGFR-
deficient. Our results demonstrate that fusion proteins com-
posed of HBEGF and SAP exhibit targeting specificity and
cytotoxicity that may be of therapeutic value in treating a
variety of EGFR-bearing malignancies. Int. J. Cancer 78:106-
111, 1998.
© 1998 Wiley-Liss, Inc.

Accordingly, EGFRs are an attractive target for the delivery of
therapeutic agents.

HBEGF was first identified as a 22-kDa secreted product of
cultured human macrophages and has since been identified in a
variety of tissues (Raab and Klagsbrun, 1997). HBEGF is derived
from a transmembrane-anchored precursor from which proteolysis
generates a family of 8- to 10-kDa biologically active proteins.
Like other members of the EGF family, HBEGF binds to EGFRs
and triggers receptor tyrosine kinase activity and cell proliferation.
Unlike EGF and TGF-a, HBEGF also interacts with cell-surface
heparan sulfate proteoglycans, thus increasing its mitogenic poten-
tial (Raab and Klagsbrun, 1997).

Because of its increased potency compared to other EGF family
members, we examined the feasibility of using HBEGF to target
cytotoxic agents to EGFR-bearing cells. We report here that novel
mitotoxins employing mature human HBEGF as the targeting
agent and SAP as the cytotoxic agent can effectively compete with
EGF for receptor binding and show selective cytotoxidityyitro
andin vivo, to tumor cells bearing EGFRs.

MATERIAL AND METHODS
Plasmid construction

All enzymes were obtained from Boehringer-Mannheim (India-
napolis, IN). DNA fragments were purified from agarose gels using
the Geneclean Il kit (Bio 101, Vista, CA). PCR and sequencing
primers were synthesized on a Cyclone Plus DNA Synthesizer
(Millipore, Bedford, MA). All PCR-generated fragments were
sequenced using Sequenase Version 2.0 (Amersham, Arlington

Numerous reports have demonstrated the ability of chimerigeights, IL).

molecules containing growth factor and toxin moieties to selec- pcR was used to generate 2 overlappHBEGFE fragments
tively target and inhibit the growth of cells bearing their cognatgom a plasmid containing cDNA encoding human HBEGF
growth factor receptors. These chimeras, termed mitotoxins @JaMU2-1; generously provided by Dr. J. Abraham, Scios Nova,
oncotoxins, bind to the surface of target cella a growth factor Mountain View, CA; GenBank accession number M60278). Inter-
receptor, are internalized by receptor-mediated endocytosis apg Ncol sites were mutated without changing the amino acid
trigger cell death. Several plant proteins that are toxic to eukaryotismposition of the corresponding protein. ThéilBEGFfragment
cells as a result of catalytic inactivation of ribosomes have begpans codons 13—-129 in the HBEGF precursor and was generated
identified (Stirpeet al.,1992). The eukaryotic cytotoxicity of thesewith the “sense” primer 5-CTG GCT GCA GTT CTC TCG
plant ribosome-inactivating proteins (RIPs) has been exploited ®CA-3’, which contains &stl site, and the anti-sense primer
create potent mitotoxins. For example, basic fibroblast growgi-AGC CCG GAG CTC CTT CAC ATATTT GCA TTC TCC
factor (FGF2) has been linked to saporin (SAP) to target FGETG GAT GCA GAA-G-3. The 3'HBEGFfragment spans from
receptor-expressing cells (McDonaltal.,1996). This FGF2-SAP codon 124 to downstream of the HBEGF-coding region and was
chimera exhibits targeting specificity to FGF receptors and higjenerated using the sense primer 5'-GTG AAG GAG CTC CGG
cytotoxicity in vitro andin vivo for transformed cells (Beitet al., GCT CCC TCC TGC ATC TGC CAC CCG GGT TAT CAT GGA
1992), lens epithelial cells (Behar-Cohenal., 1995) and smooth GAG AGG-3’ and the anti-sense primer 5'-ATA TAG AAT TCT
muscle cells (Farkt al.,1997). GTC TTC TCA GAG GTA-3, which contains akcoRI site. The 2

The epidermal growth factor (EGF) ligand family includes EGH,CR-generated fragments overlapped aBaxl site and were
transforming growth factor alpha (TGF-a), amphiregulin, heparirflgated into thePstl and EcoRI sites of the vector pGEM-4
binding EGF (HBEGF) and related polypeptides that stimulat&Tomega, Madison, WI). Using this plasmid as a template, the
approx. 170-kDa transmembrane glycoprotein receptors with tyf9ion encoding mature HBEGF (amino acids 73-149 in the
sine kinase activity. Up-regulated expression of EGFRs and EGIPEECUrsor) was amplified by PCR using the sense primeTs3
ligands has been implicated in numerous pathological conditions
and is presumed to be one means by which cells acquire a selective
growth advantage. For example, EGFR over-expression has begitorrespondence to: Selective Genetics, Inc., 11035 Roselle Street, San
demonstrated in numerous tumor cell lines and solid hum go‘i-ICAQZlZlf USA. Fax: (619) 625-0050.
tumors, including glioblastoma, melanoma and lung, breast ahd"!- loisc@selectivegenetics.com

bladder carcinomas, and is associated with reduced survivalratesin
hiiman hraact and hladdar cancarce (Naviiae and Chamharlin. 100AD araiviad 2 Marcrh 1009 Davicead 27 Anril 100Q
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GAC CAT ATG AGA GTC ACT TTA-3, which adds amNdel site from the ATCC (Rockville, MD) and maintained according to the
and a methionine codon to the 5’ end of HBEGF, and an anti-sernsenditions specified by the ATCC. MDA-MB-468 cells were
primer 5’- ATA TAC CAT GGC TGG GAG GCT CAG CCC ATG maintained in medium containing 5% FBS, and all other cells were
ACA-3’, which introduces aiNcol site immediately downstream maintained in medium containing 10% FBS (Hyclone, Logan UT).
of the coding region for HBEGF. The plasmid pZ1B contains th . o

gene encoding the mitotoxin FGF2-SAP cloned into the prokarg-mte'n synthesis inhibition assays _ .

otic expression vector pET11a (Novagen, Madison, WI) (McDon- The protein syntheS|s-|nh|b|t_ory activities of_the fusion proteins
aldet al., 1996).FGF2 sequences were specifically removed fronand of native SAP were determined by measuring effects witro

pZ1B by digestion withNdel andNcol and replaced with the translation of luciferase RNA. SAP was purified from the seeds of
HBEGF sequence. The resulting plasmid encodes a fusion proté&aponaria officinalisas previously described (Stirge al., 1983).
(designated HBEGF-SAP) that consists of 78 amino acids Beagents for the assay were obtained from Promega unless
HBEGF, an Ala-Met spacer encoded by tNeol site and 253 specified otherwise. Briefly, samples were serially diluted in 20

amino acids of SAP, has a predicted m.w. of 37.6 kDa and &M Tricine, pH 7.8 (Sigma, St. Louis, MO), and 5 pl of diluted
isoelectric point of 9.6. protein were combined with 5 pl of reaction mix (50 pg/ml

Complementary single-stranded oligos were synthesized (Milal_ciferase RNA, 0.1 mM amino acid mixture minus leucine, 0.1

land Certified Reagent Company, Midland, TX) and annealed fgM a@mino acid mixture minus methionine) and 15 pl of rabbit
generte  nke wibicel eds et cncodsd (Gl Sl Gly Gy-SIe0o9Ne DS, Sampis were pevbes or | 1 1 30 and
2%%1 (;FG?B sggtéerggé) Ct-r?: ﬁ_egéeco(g%o évégﬂ(':AG'(l';AgT%A$G uplicate to a Dynatech (Chantilly, VA) 96-well plate. Using a
CGG CGG CGG CTC TGG CGG CGG CGG CTC TGC CA ynatech ML3000 luminometer that WaS pre-Warmed to SOOC, 50
GGT ATA-3'. The plasmid encoding HBEGF-SAP was digeste | of luciferase assay reagent were injected per well and relative
with Ncol, which cuts between tHéBEGFandSAPmoieties, and '9ht units were determined at room temperature with a 1-sec delay,
the Ncol-digested linker was ligated into the plasmid. Sequencirfg>-Sec integration and medium gain.

of the resulting plasmid revealed a 22-amino-acid linker encodifgsceptor-binding studies
Ala-Met-Gly,-Ser-Gly-Ser-Gly-Ser-Gly-Ser-Ala-Met (Lpy). The
divergence from the intended linker sequence was likely caused(Jj)
a secondary structure formed during primer annealing because
sequence redundancy and high GC content of the primers. HBE
L,»-SAP is 353 amino acids long, with a predicted m.w. of 38.
kDa and an isoelectric point of 9.6.

The relative affinities of the fusion proteins for the EGFR were
{ermined by binding competition assays. A431 cells were plated
0 24-well plates at 16,000 cells per well. The next day, plates
ere put on ice for 10 min, then the media was aspirated and the
ells were washed with 0.5 ml of ice-cold binding buffer (DMEM
containing 1 mg/ml BSA and 50 mM,N-bis[2-hydroxy-ethyl]-2-
Expression and purification of HBEGF-SAP fusion proteins aminoethane sulfonic acid). Sample wells were treated in duplicate
For expression, plasmid DNAs were transformed into t ith 200 pl of binding buffer, 50 pl of test protein (or binding buffer

Escherichia colistrain BL21(DE3) (Novagen), which contains ' c%%]f)rizlgatar?gm%?} ‘I1-||EgggIZSW%?)ogr;[islr}-el(zjef::orgp\ggghgrg)t'ems
chromosomal copies of the T7 RNA polymerase gene linked to afinneapolis MN). Plates were incubated for 2 hr at 4% with
IPTG-induciblelacUV promoter. Transformed cells were grown in ' .

a 7L Applikon (Foster City, CA) fermenter in complex batch medlgﬁpftelf ;ir?(;t?)t;ggd %)e/"tiévzgedmgg gvfaggg i?;ﬁyes?sv‘gﬁ]ﬁg?lag'mmg
as previously desc_:rlbed for FGF2-SAP (McDona_IdaI., 1996). Tris, pH 8; 0.5% SDS; 1 mM EDTA). The radioactivity in each
The culture was induced with 0.1 mM IPTG (isopropp- sample was determined using a Cobra Il auto gamma counter
thiogalactopyranoside) at arg#) of 85. Cells were harvested by (Packard, Meriden, CT)

centrifugation (8,00@, 10 min) 4 hr after induction, and the culture ’ ’ :

paste was stored at —80°C until ready for processing. In vitro cytotoxicity assays

~The HBEGF-SAP fusion proteins were purified using steps HBEGF-L,,-SAP was submitted to the National Cancer Institute
similar to those employed for purification of recombinant FGF2Anticancer Screen (NSC D672640) to measure growth inhibition in
SAP (McDonald et al., 1996). Briefly, bacterial pellets were a panel of 60 human tumor cell lines representing 9 tumor types
resuspended in 3-4 volumes of 10 mM sodium phosphate, pH(flonkset al.,1991). Cells were treated in duplicate over a range of
containing 10 mM EDTA, 10 mM EGTA and 50 mM NacCl, thenconcentrations from 0.012 to 120 nM, and after 48 hr a sulforhoda-
passed 3 times through a microfluidizer (Microfluidics, Newtormine B (SRB) assay was performed (Morgtsal., 1991). All other
MA) at 18,000 Ib/irf. Lysates were subjected to expanded-begell lines were evaluated for sensitivity to HBEGRASAP, using
adsorption chromatography using Streamline cation-exchange regi@ MTT colorimetric assay, as previously described (McDoeald
(Pharmacia, Piscataway, NJ). Partially purified fusion proteirg., 1996). Briefly, culture media were removed 24 hr after plating
were then purified to homogeneity by a combination of aniorand duplicate wells were treated with fresh media containing
exchange (Q-Sepharose, FF), cation-exchange (SP-Sepharose ddRally diluted test samples. After an additional 48 hr, cell survival
and hydrophobic interaction (Phenyl-Sepharose, HP) chromatogiias estimated by the ability of live cells to reduce MTT.
phies before buffer exchanging the purified proteins into 10 mMpsorbance was read at 550 nm on a Molecular Devices (Sun-
sodium citrate, pH 6, containing 0.1 mM EDTA and 0.14 M NaChyvale, CA) plate reader using Softmax Pro software.
by size-exclusion chromatography (Sephacryl S100, HR). The final _ o
materials were over 98% pure, as evaluated by SDS-PAGHRhibition of tumor growthn vivo
reverse-phase HPLC and size-exclusion HPLC (data not shown)MDA-MB-468 human breast cancer cells (2 x6Lth 0.1 ml of

All purified proteins were stored at —8D. PBS were injected into the thoracic mammary fatpad of female
) nude mice. Tumor growth was monitored weekly, using calipers to
Human tumor cell lines measure 2 orthogonal diameters. When mean tumor diameters

The cell lines employed in this study were obtained from 8ached 5 mm (day 52), HBEGF-£LSAP (10 ng/g in 0.05 ml PBS)
sources. The 60 cell lines comprising the NCI Anticancer Scre&ras injected s.c. adjacent to the tumors twice weekly for 4 weeks.
have been described previously (Mordggsal., 1991). The colon The treated animals showed no signs of drug-induced toxicity.
lines N87 and SW948 and the ovarian lines OVCAR2 andumor growth was monitored for up to 35 days after the last
OVCAR10 were generously provided by Dr. L.M. Weiner (Foxreatment. At the end of the experiment, mice were killed and
Chase Cancer Center, Philadelphia, PA). N87, OVCAR2 amdsidual tumors weighed. Student‘test was used to evaluate the
OVCAR10 cells were maintained in RPMI 1640. SW948 cellstatistical significance of differences in tumor weight. Mice were

wiara maintainad inl _ 18 madium_ All athar call linac wwara nhtainarhaintainad _in__cnacific_nathnnan_fraa _canditinne _in_a  farilitv
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approved by the AALAC (Rockville, MD). Animal care andbinding, though not as effectively as HBEGF, HBEGE-EAP

experimental procedures were in accordance with the regulatiomas nearly as effective as recombinant HBEGF. Therefore, inser-

and standards of the USDA, DHSS and NIH. tion of a long, flexible linker between HBEGF and SAP is
favorable for EGFR binding. Taken together, the RIP and receptor-

binding assays demonstrate that while the HBEGF and SAP
RESULTS

Expression and purification of recombinant
HBEGF-SAP mitotoxins —8— HBEGF

A bacterial expression system was employed for the producti
of HBEGF-SAP fusion proteins. The initial HBEGF-SAP fusior 125 —{}— HBEGF-SAP
protein consisted of a 78-amino-acid isoform of HBEGF, a
Ala-Met linker and the coding sequence of SAP. Because tl —@—  HBEGF-Lpp-SAP
receptor-binding domain is in the C-terminal half of HBEGF, we 100
reasoned that receptor binding, and thus activity of the mitotoxi
may be improved by introducing a long, flexible linker between th
HBEGF and SAP moieties. Therefore, DNA encoding a flexibl¢r
linker consisting of AlaMetGlySerGlySerGlySerGlySerAlaMet Z 727
(L2o) was inserted between the sequences encoding HBEGF a
SAP.E. colifermentation resulted in accumulation of appropriatel<
sized proteins that were readily detectable in crude lysates m; 50
Western blotting with anti-SAP anti-sera (data not shown). Fusi™
proteins were purified from the soluble fraction of bacterial lysate
using a straightforward strategy that yielded highly pure materi 5
(see “Material and Methods”).

In vitro activities of HBEGF-SAP mitotoxins

HBEGF-SAP and HBEGF-4,-SAP were tested for the ability to e B I A
inhibit protein synthesis in a cell-free system (Fig. 1). Native SA 1 10 100 1000
exhibited an IGy of 7 pM in this assay, and although significantly
less active than native SAP, HBEGF-SAP showed a dos CONCENTRATION (nM)

dependent inhibition of protein synthesis with ard6f 0.16 nM.

HBEGF-L,>SAP exhibited activity comparable to that of HBEGF+igure 2 — Receptor-binding analysis of HBEGF-SAP mitotoxins.

SAP (IG, = 0.15 nM), suggesting that the flexible linker had ndrhe ability of rHBEGF and the HBEGF-SAP mitotoxins to compete

effect on the RIP activity of the fusion protein. with [*29]-EGF for receptor binding on A431 cells was determined as
A431 is a human epidermoid carcinoma cell line that expressg&s e;é'sbfds'g (rvitzeya;n%mtjhy?jg%dgre -Egergslgtrg(tee%\yglg?satﬁfaé?%

high numbers of cell-surface EGFRs (approx. 3 x&/ddll). independent experiments. P

HBEGF-SAP and HBEGF-,-SAP were tested for the ability to

compete with J33]-labeled EGF for binding to EGFRs on human

A431 cells (Fig. 2). While HBEGF-SAP competed for receptor
—— SAPORIN

125 —®—  SAPORIN —F— HBEGF-SAP
150
—— HBEGF-SAP —@— HBEGF-Lp-SAP
100 125 =
—@— HBEGF-Ly,-SAP
o 75- g 10
i a:
Z E 754
= Q
o o
S R 504
25~
25
0 04
0.001 0.01 0.1 1 10 0001 001 041 1 10 100

CONCENTRATION (nM) CONCENTRATION (nM)

FiIGURe 1 - Inhibition of protein synthesisn vitro by HBEGF-SAP FiGure 3—In vitro cytotoxicity of HBEGF-SAP mitotoxins to A431
mitotoxins. The inhibition of luciferase RNA translation in a cell-free systernells. The cytotoxic activities of HBEGF-SAP and HBEGEASAP to

was measured as described in “Material and Methods”. The plotted valuesman A431 epidermoid carcinoma cells were compared to that of SAP
are the means SD (n=2) and the data are representative of 2 independeaione. The plotted values are the meanSD (n=2), and the data are

experiments. The calculatedglGralues are saporin, 0.007 nM; HBEGF-representative of at least 2 independent experiments. The calculated
CAD N 1A nh- HHIRECC 1 _CAD N 1E nhA I viahioec arc HREMCC QAD N 7 nhM: HRECC IQCAD N 2 nh
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moieties retain their individual functions, steric hindrance cadose-dependent cytotoxic effect on A431 cellssl€& 0.7 nM),
compromise receptor binding. and complete inhibition of cell growth was achieved at high
The linker in HBEGF-L-SAP most likely improves receptor concentrations. HBEGFA-SAP exhibited a small increase in
binding by reducing the steric constraints on the C-termin®Xxicity to A431 cells (IGo = 0.3 nM) compared to HBEGF-SAP.
receptor-binding domain of HBEGF. We therefore reasoned thhferefore, even though HBEGF-SAP and HBEGEL-EAP had
the effectiveness of the HBEGF-SAP mitotoxins might be imsignificantly different activities in the A431 receptor-binding assay
proved by reversing the orientation of the protein moieties, thereffyig- 2), the toxicity of the 2 mitotoxins is comparable. These
making the C-terminus of HBEGF more readily available fofésultsillustrate the potency of RIPs such as SAP in that internaliza-
receptor binding. Plasmids that encode SAP-HBEGF fusion préon of very few molecules is sufficient to kill a cell (Yamaizueti
teins with and without the long, flexible linker were constructedd!-, 1978). A431 cells were resistant to SAP alones(l€100 nM),
These fusion proteins were highly unstable, as shown by Westél@monstrating the dependence on HBEGF for internalization of the
blots developed with anti-SAP anti-sera (data not shown), and oi@in and effectiveness of the mitotoxin.
of the reactive bands co-migrated with free SAP. Consistent with
breakdown to free SAP, these materials were nearly as active@gotoxicity of HBEGF-Ly-SAP to tumor cellin vitro
native SAP in the cell-free protein synthesis inhibition assay (dataThe cytotoxicity of HBEGF-L,-SAP was tested on a panel of
not shown). Due to their marked instability, the SAP-HBEGHhuman cell lines representing tumors of 12 different cell types,
molecules were not further characterized. including the 60 cell lines comprising the NCI Anticancer Screen
HBEGF-SAP and HBEGF-,SAP were also evaluated for (Monkset al.,1991). The results of this analysis are summarized in
cytotoxicity to A431 cells (Fig. 3). HBEGF-SAP had a significant,

TABLE | — CYTOTOXICITY OF HBEGF-Ly>-SAP TO HUMAN TUMOR CELL LINES A.

Cell line 1Cs0 (NM) Cell line 1Cs0 (NM)
Epidermoid Breast € T P88
*A431 0.3 T47D 36 -
*KB 3.9 BT-549 3.2 \f/ 10 O HBEGF-Lpp-SAP
Bladder MDA-N 2.4 9
*EJ6 10 MDA-MB435 1.7 g
*HT1197 1 MDA-MB231 >73 &
*182 1.6 HS578T 0.6 °
*RT4 1.5 MCF-7/ADR 5.8 S |
*T24 17 MCF-7 27 E °
*TCCSUP 5 Colon =
Leukemia KM-12 32 S
SR 3.1 HCT-15 36 %
RPMI 8226 10.3 COLO-205 2.3
HL-60 TB 15.1 SW-620 42
MOLT-4 >73 HCT-116 0.6 0 . !
K-562 4.6 HCC-2998 1.1 0 10 20 30 40 5 60 70 80 90 100 110
CCRF-CEM >73 HT-29 1.9
Non-small cell lung *N87 6.6 Days after tumor injection
A549 7.8 *SW948 >100
NCI-H226 0.1 Ovarian
NCI-H23 12.7 SKOV-3 >73
NCI-H522 7.4 OVCAR-8 1.2
NCI-H460 13.9 IGROV-1 2 B
NCI-H322 4.7 OVCAR-5 1.3 * 1000
HOP-92 4.7 OVCAR-4 16.2
HOP-62 13 OVCAR-3 0.4 —_
EKVX >73 *OVCAR2 >100 ‘E”
Prostate *OVCAR10 12.1 ~ 750
DU-145 10.1 Brain =
PC-3 0.04 SNB-19 4 2
Melanoma SF-539 0.2 ES
UACC-257 5.8 SF-295 1.6 5
SK-MEL-5 0.3 SF-268 0.2 £
UACC-62 1.8 U-251 0.1 2
SK-MEL-28 0.8 SNB-75 4.4 S
M14 0.2 *A172 12.4 o
MALME-3M 0.2 *DAOY 2 =
LOX-IMVI 1.5 *H4 0.3
Renal *Hs683 >100
*
Ao 20 A 8.4 PBS  HBEGF-L22-SAP
UO-31 4.2 Small cell lung o
TK-10 59 NCI-H345 >100 FIGURE 4 — Inhibition of MDA-MB-468 tumor growth by HBEGF-,-
RXFE-393 1.2 NCI-H510 >100 SAP. MDA-MB-468 tumor cells were injected into the mammary
CAKI-1 6.3 NCI-H526 >100 fatpad of a nude mouse, and effects of s.c. injection of HBEGF-L
ACHN 2.6 NCI-H69 >100 SAP adjacent to the tumor were assesse@rowth curves of tumors
786-0 1.1 in mice treated with s.c. injection of HBEGF-£SAP (10 ng/g, twice

weekly for 4 weeks). Plotted values are mean tumor diameters in
1ICs values represent the concentration of mitotoxin required tamillimeters (bar= SD). Arrows indicate period of treatment. Closed

achieve 50% inhibition of cell growth as determined by the MTT assayrcles, PBS alonen(= 6). Open circles, HBEGF-L,-SAP (n= 7). b:

for cells with an asterisk and the SRB assay for cells without an asteriglean tumor weights at end of experiment presente@jnp < 0.05

(con “NMatarial and NMathnde”\ (Ctiidantd _tact)
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Table I. Each of the cell lines was also treated with native SAP andin this study, cell lines derived from SCLC were unique in their
found to be largely unaffected (data not shown). Cell lines derivehiform resistance to HBEGF,kLSAP. This result is consistent
from small-cell lung carcinoma (SCLC) were uniformly resistant tavith binding studies which have demonstrated few and even
HBEGF-Ly,-SAP, with 1Gg values greater than 100 nM. Inundetectable levels of EGFRs on human SCLC cell lines (Hagder
contrast, many of the cell lines representing the remaining 11 turmedr, 1988). In contrast, HBEGF-L-SAP was cytotoxic to cell lines
types (i.e. melanoma, breast, bladder, colon, ovarian) exhibitegbresenting all of the remaining 11 tumor types, with many of the
ICso values in the low nanomolar range. cell lines having |Gy values in the low nanomolar range. The tumor
o L cell lines that are sensitive to HBEGRASAP represent cancers
Inhibition of tumor growttin vivo by HBEGF-L,-SAP generally considered to express EGFRs. A431 and KB epidermoid
Since many breast tumor cell lines were sensitiveitro, the carcinoma cells, for examp|e, have been shown to haeesSxt1
effect of HBEGF-L,,-SAP on MDA-MB-468 human breast cancerand 1 to 2 x 18 EGFRs/cell, respectively, and to be sensitive to
cells was evaluatedn vivo. MDA-MB-468 cells are estrogen TGF-o-PE (Siegallet al., 1989). Expression of EGFRs has also
receptor-negative, grow in the mammary fatpad of female nug@@en demonstrated in human bladder cancer (Wiaal., 1992),
mice without estrogen supplementation and have an amplifigemary human NSCLC (Rusaét al., 1993), primary human renal
EGFR gene, resulting in unusually high numbers (approx. 3.6 garcinomas (Petridest al., 1990), human colon carcinoma cell
10°) of cell-surface EGFRs (Filmuat al., 1985). With peri-tumoral jines (Radinskyet al., 1995), human ovarian tumors (Henzen-
administration of HBEGF-k-SAP, the mean tumor diameter anq_ogmanset al., 1992) and human gliomas (Ekstraetial., 1991).
mean tumor weight were significantly less than in the contrgh “addition, the ability of HBEGF-k-SAP to kill EGFR-
groups (Fig. 4). In fact, treated tumors showed arrest of tumekpressing breast tumor celtsvivo (Fig. 4) further validates the
growth lasting longer than 3 weeks after cessation of treatment. yse of HBEGF-containing mitotoxins for selective targeting to
EGFR-bearing tumor cells.

DISCUSSION HBEGF is an attractive ligand for targeted drug delivery because
fits high affinity for EGFRs, which are over-expressed in a variety

In recent years, the over-expression of cell-surface growth fac gf'uman malignancies and other proliferative disorders. The

receptors in human disease has been exploited to develop n
therapeutic agents that target the diseased cell. For exam
chimeric molecules containing growth factors fused to toxin
(termed mitotoxins) are emerging as potentially powerful an monstrated that fusing the heparin-binding domain of HBEGF to
versatile therapeutic agents. Because over-expression of EG amino terminus of TGE-PE cenerates mitotoxins with
has been demonstrated in numerous solid human tumors an roved cytotoxicity to proliferatin gsmooth muscle cells (Mesri
associated with increased metastatic potential and poor progno Al 19933' Biolo i)éall pactive mit%toxins consisting of mature
EGFRs are particularly attractive therapeutic targets (Davies %E'éF fuséd to P% ha\ye also been generated (maigi 1994)
Chamberlin, 1996). Although normal celis do express EGFRs, t P is an attractive alternative to the bacterial toxfﬁs suéh as
elevated number of receptors on tumor cells confers a degree '

. A ; . eudomonasxotoxin, because it has no high-affinity cell-binding
targeting specificity in that the tumor cells can bind proportionate - O . J ;
more mitotoxin. omain and is highly resistant to proteolysis (Stigiel., 1983).

The HBEGF-SAP mitotoxins described in this report represent a

The biological activity of mitotoxins relies on the ability of eachygyel, potent and versatile class of mitotoxins with potentially
component to perform its individual biological function. Theyidespread therapeutic applications.

recombinant HBEGF-SAP mitotoxins described in this study retain
the ability of HBEGF to bind EGFRs and the ability of native SAP
to inhibit protein synthesis. Together, the complex can kill eukary-
otic cells upon internalization, and by separating the HBEGF
domain from the SAP domain with a 22-amino-acid spacer, someWe thank Mr. M. Ong, Ms. D. Pursell, Ms. T. Tetzke, Ms. M.
improvement of function was realized. The intracellular mech&aton and Ms. G. Kiriakova for excellent technical assistance and
nism by which the fusion proteins are metabolized is unknowdr. Z. Parandoosh for critical review of the manuscript. The
However, since SAP is highly resistant to proteolysis (Stapal., contributions of Drs. G.S. Johnson, T.G. Meyers and J. Johnson of
1983), it is tempting to speculate that upon entry into cells, HBEGHRe NCI Anticancer Drug Screening Program are also gratefully
is proteolytically degraded to release a fully functional SAP moietpcknowledged.

arin-binding capacity of HBEGF facilitates binding to EGFRs,
s making HBEGF preferred over other EGF family members as
targeting ligand. Consistent with this observation, it has been

ACKNOWLEDGEMENTS

REFERENCES

BeHAR-CoHEN, F.F., DaviD, T., BUECHLER, Y., Nova, M.P., Houston, L.L.,  factor receptors, has an amplified EGF receptor gene and is growth
PouLIQuUEN, Y.M. and GurTols Y., Cytotoxic effects of FGF2-saporin on inhibited by EGFBiochem. biophys. Res. Comi8, 898-905 (1985).

g%g]_ezzggrgggg)@ns cellsn vitro. Invest. Ophthalmol. Vis. Sci36, HAEDER, M., RoTscH M., BEPLER G., HENNING, C., HavEMANN, K.,

HeMANN, B. and MoELLING, K., Epidermal growth factor receptor expres-

Berz, J.G., Do, P, ARk, J.W., KaTo, J., MEDINA, M., FRACKELTON,  sion in human lung cancer cell line8ancer Res48, 1132—-1136 (1988).
A.R., R., LAPP, D.A., BAIRD, A. and Q\LABRESI, P., Antitumor activity of

basic fibroblast growth factor-saporin mitotoximvitro andin vivo. Cancer ~ HENZEN-LoGMANS, S.C., VAN DER BURG, M.E.L., FOEKENS J.A., BERNS
Res.52, 227-230 (1992). P.M.J.J., Russe, R., Reret, J.H., KN, J.G.M., GiapHA, S. and

. . RopenBurg, C.J., Occurrence of epidermal growth factor receptors in
Davies, D.E. and GiaMBERLIN, S.G., Targeting the epidermal growth factorpenign and malignant ovarian tumors and normal ovarian tissues: an
Eiggggor for therapy of carcinomasiochem. Pharmacql51, 1101-1110 jjminohistochemical studyl. Cancer Res. clin. Oncol118 303-307

: (1992).
ExksTRAND, A.J., AMES, C.D., GaveNeg, W.K., SELIGER, B., PETTERSSON
R.F. and ©Luins, V.P., Genes for epidermal growth factor receptor,
transforming growth factory, and epidermal growth factor and their ; ! - - : -
expression in human gliomas vivo . Cancer Res51, 2164—2172 (1991). tion of recombinant fibroblast growth factor-saporin mitotoxirotein

Expression Purif.8, 97-108 (1996).
FaRrB, A., LEE, S.J., MN, D.H., PARANDOOSH, Z., CooK, J., McDONALD, J.,
PERCE, G.F. and \RMANI, R., Vascular smooth muscle cell cytotoxicity andMESRl, E.A., Kreiman, R.J., B, Y.-M., EpsTEIN S.E. and RsTAN, I,
sustained inhibition of neointimal formation by fibroblast growth factofieparin-binding transforming growth factar-Pseudomonasxtotoxin A.
2-saporin fusion proteirCirc. Res, 80, 542—550 (1997). J. biol. Chem.268, 4853-4862 (1993).

FiLmus, J., PoLLak, M.N., CaiLLEau, R. and Biick, R.N., MDA-468, a MEsR|, E.A., ONo, M., KREITMAN, R.J., KKAGSBRUN, M. and RASTAN, ., The

hitman hraact cancar call lina with o hinh _niuimhar af anidarmal arowHonarin hindina_dnmain af hanarin_hindina ECC lika _arowth fartar ~can

[A)OCKET

L A R M Find authenticated court documents without watermarks at docketalarm.com.

McDoNALD, J.R., QiG, M., SHEN, C., FARANDOOSH, Z., SosNowskK| B.,
BusskeLy, S. and HbusTon L.L., Large-scale purification and characteriza-



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




