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Over-expression of the erbB2-receptor tyrosine kinase is
frequently observed in many human tumors of epithelial
origin. Due to its causal involvement in malignant transforma-
tion and its presence on the tumor cell surface erbB2 is an
attractive target for directed tumor therapy. We earlier
described the potent anti-tumoral activity of the recombi-
nant single-chain antibody toxin scFv(FRP5)-ETA in vitro and
in nude mouse tumor models in vivo. This molecule consists
of the variable domains of the heavy and light chains of an
erbB2-specific antibody genetically fused to a truncated Pseu-
domonas exotoxin A. Here we have investigated the in vivo
effects of this immunotoxin on erbB2 expressing NV2Cd
schwannoma cells growing as s.c. tumors in syngeneic BDIX
rats. Established tumors were treated either locally by intra-
tumoral injection of scFv(FRP5)-ETA or systemically by
injection into the tail vein. Both routes of application resulted
in pronounced inhibition of tumor growth with local treat-
ment being more effective. Treatment with 25 pg/day of
scFv(FRP5)-ETA for 10 days suppressed tumor growth al-
most completely. Antibodies directed mainly against the
toxin domain of the fusion protein developed in all animals
treated. Int. ). Cancer 73:117-124, 1997.
© 1997 Wiley-Liss, Inc.

target receptor and potent anti-tumoral activity were observed
(Welset al., 1992, 1995; Gronegt al.,1997).

To evaluate then vivo effects of such reagents, pre-clinical
animal model systems are of fundamental importance. Since most
of these molecules are specific for human tumor antigens, experi-
mental settings chosen are often based on human tumor xenografts
growing in immunocompromised animals. However, a major
limitation of such animal models is their greatly impaired immuno-
logical response to the effector which is applied for therapy. Since
recombinant toxins contain a large protein domain of bacterial
origin, it is predictable that in an immunocompetent organism a
humoral immune response directed against this type of therapeutics
will develop which might neutralize the anti-tumoral activity.

Here we have evaluated tirevivo effects of the erbB2-specific
scFv-Pseudomonasxotoxin-A fusion protein scFv(FRP5)-ETA in
immunocompetent rats. Our tumor model is based on NV2Cd rat
schwannoma cells stably transfected with a huradoB-2 cDNA
construct (Nikitinet al., 1996). Upon s.c. injection NV2Cd-erbB2
cells formed rapidly growing tumors in syngeneic BDIX rats.
Treatment of established tumors with the erbB2-specific antibody
toxin by intratumoral application resulted in pronounced inhibition
of tumor growth. Systemic treatment also led to growth inhibition,

TheerbB-2 gene encodes a 185-kDa transmembrane glycoptait to a lesser extent. During the course of the treatment all animals
tein that is a member of the type I/erbB family of receptor tyrosingeveloped a strong antibody response against the fusion protein.

kinases which also includes epidermal-growth-factor (EGF) recep-
tor, erbB3 and erbB4 (Peles and Yarden, 1993). Over-expression of MATERIAL AND METHODS
erbB2 is frequently observed in human tumors arising at ma o

sites, including the breast and the ovaries, where it correlates \A%tyﬁ"s and culture conditions

an unfavorable prognosis (Hynes and Stern, 1994). Due to its roleThe SKBR3 and MDA-MB468 human breast-tumor cell lines
in cancer development and its accessible location on the cafid the A431 human epidermoid-tumor cell line were maintained
surface erbB2 has been suggested as a promising target for direte®MEM (GIBCO, Eggenstein, Germany) supplemented with
therapy. 10% heat-inactivated FBS. The established rat schwannoma cell
protein of 66 kDa which harbors the different activities required fof/ith @ humarerbB-2 cDNA construct (kindly provided by Dr. M.

cell binding, uptake into cells, and toxic activity in distinctRajewsky) were generated by Nikitét al. (1996). The cells were
functional domains (Allurecet al., 1986; Hwanget al., 1987). (;;lﬁgtrﬁm:d 1|80?1’\é|/|r5n'\|/|sfrttje%%e&%?rgedlovgts /l?]%pgrﬁgl’liﬁ ;nn'\g (')—5
Upon binding of the N-terminal domain | to target cells an ' ’ ' :
internalization via receptor-mediated endocytosis the internal d§9/ml G418 (GIBCO) for Nv2Cd-erbB2.

main 1l becomes activated by proteolytic cleavage and facilitat@s, cterial expression of scFV(FRP5)-ETA and preparation
the translocation of a C-terminal fragment containing the enzys inclusion bodies

matic domain IIl into the cytosol (Ogatet al., 1992). There the From the plasmid pSW202-5 (Wed al., 1995), which encodes

toxin ADP-ribosylates elongation factor 2 which results in th = . )
inhibition of protein synthesis. On the basis of earlier studie%nder the control of the IPTG-inducible tac promoter, the erbB2

demonstrating the utility of recombinant ETA as a potential

therapeutic effector (Pastan and FitzGerald, 1991), we have already

described chimeric ETA fusion proteins targeted to the different Abbreviations: ETA, Pseudomonagxotoxin A; DMEM, Dulbecco’s

menmbers f the erbs receptor family. Diiered saie: 16 S0% Mhioitory concentration: IPTG, Sopromior
i . . | ) . () ) y -

,AS a cell rewgn't'on domain these hyb“‘?‘ molecules emplqliﬁogalactopyranoside; scFv, siné]lle chain Fv antibody fragmggt; PMSF,
either growth factors like the erbB3/erbB4 ligand Heregih  phenylmethylsulfonyl fluoride; PVDF, polyvinylidenedifluoride.
(Jeschkeet al., 1995; Groneret al., 1997), or recombinant
single-chain antibody (scFv) fragments directed to erbB2 (\&kls
al., 1992, 1995) and the EGF receptor (Wetsal.,1995; Schmidt
etal.,1997). ScFv molecules consist of the variable domains of t
heavy and light chains of immunoglobulins connected by a flexible
linker sequence (Winter and Milstein, 1991). The heterologous*Correspondence to: Dr. Winfried Wels, Institute for Experimental
binding domains were genetically fused to a modified form of ET&ancer Research, Tumor Biology Center, Breisacher Strasse 117, D-79106
which lacks the natural cell-binding domain of the toxin (Wets ]!:retljburgaGermany. Faxt49 761 206 1599. E-mail: wels@tumorbio.uni-
al., 1992). The resulting chimeric toxins were expresseH.iaoli reiburg.de
as recombinant molecules and their biological activities were
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specific scFv(FRP5)-ETA immunotoxin fused at the N-terminus tas into the tail vein at daily doses of 125 and 250 ug/kg,
the E. coli ompA signal peptide, a synthetic FLAG epitope, and aorresponding to approximately 44 and 88 pg per injection for a
polyhistidine tag, the ompA signal sequence was removed, rest850-g rat. Tumor diameters were measured once or twice weekly
ing in plasmid pSW220-5 which upon induction of expressiowith a calliper, and tumor volumes were calculated according to the
allows the accumulation of large amounts of recombinant protefiormula: lengthx (width)? X 0.5 (Arteageet al.,1993).

as inclusion bodies. Plasmid pSW220-5 was transformedEnto

coli HB101 (Bolivar and Backman, 1979). A single colony wad\nalysis of rat sera and preparation of cyst fluid

grown overnight at 37°C in terrific broth (12 g/l tryptone, 24 g/l Blood samples were taken from the tail vein of rats. After
yeast extract, 4 ml/l glycerol, 1.7 mM KIRO,, 7.2 mM K;HPQ,)  clotting at 4°C for 16 hr and centrifugation at 8,@0@r 20 min at
containing 0.6% glucose and 100 ug/ml ampicillin. The culture wasC serum was collected and stored-a20°C. After 15 pg of
diluted 30-fold in the same medium and grown at 37°C to ar@D scFv(FRP5)-ETA or the irrelevant control protein scFv(gE10)-ETA
of 10; expression of the recombinant protein was induced with 1ftere separated by SDS-PAGE on a 10% gel, they were blotted onto
lactose for 16 hr at 37°C. Cells were harvested by centrifugationP¥/DF membranes (Millipore, Eschborn, Germany). The filters
10,000gfor 10 min at 4°C and the cell pellet fro1 | of culture was were probed with sera diluted 1:100 from tumor-bearing rats
re-suspended in X v/w of ice-cold 40 mM Tris, pH 8.0, at 0°C. treated either with scFv(FRP5)-ETA or with PBS. As a positive
Cells were disrupted in a French press and the lysate was dilutgshtrol, a rabbit anti-ETA serum was used at 1:4,000 dilution.
1:4 in ice-cold 40 mM Tris, pH 8.0 and centrifuged for 20 min aBinding of antibodies was detected by incubation of the filters with
9,000g.The supernatant was discarded, and the pellet was waskgécies-specific horseradish-peroxidase-labeled secondary antibod-
with 200 ml of ice-cold 40 mM Tris, pH 8.0, and centrifuged ases and chemiluminescent detection using the ECL system (Amer-
described above. The washed pellet containing the inclusion bodigmm, Braunschweig, Germany). Cyst fluid was collected from
was stored at-70°C. established tumors by aspiration, centrifuged at 10,00080 min
Purification of SCFV(FRP5)-ETA and processed as described (Altenschreidt.,1997).

Inclusion bodies were re-suspended ind.0/w of buffer A (8 M
urea, 50 mM Tris, pH 9.0, 0.5 M NaCl) for 30 min at room RESULTS
temperature. The suspension was clarified by centrifugation Btpression and purification of scFv(FRP5)-ETA
16,000g for 30 min at 4°C and solubilized SCFV(FRPS)-ETA 1o 7.4pa antibody toxin scFv(FRP5)-ETA consists of an

protein was purified via binding of the polyhistidine tag included i%rbBZ-specific scFv domain genetically fused to trunc®selido-
Ehetm?lle?:ule_bto N‘i+Gsaturated Che.:%t'n? c?epr.'tﬁm;‘eﬂ(Prjg\i”q"’r‘]cfﬁonasexotoxinA(Welszet al.,1992). The ETA fragment represents
lotech, Freiburg, Germany) equilibrated with buffer A. Th&, o 'yins translocation domain I and the enzymatic domain 111

fﬁ:utioni;{va?l Io§deﬂdont;) thﬁ]co\ll\tljn:n ";‘tr"’r‘lﬂsv‘ér%te SJ 1.h5inm|/$il amino acids 252 to 613) which, upon binding to target cells,
specifically bound proteins were removed by washing cilitate uptake into the cytosol and inhibition of cellular protein

buffer A containing 20 mM and 40 mM imidazole. Spech‘icallyS : .

) b Jsynthesis (Hwanget al., 1987; Ogataet al., 1992). At the
boug%SCF\KSIFRPdS)'EITA |c_)|_rrc]>te|n V\;a_s elute? V‘f['thfbfhﬁerf‘C?ma'rN-terminus, the recombinant protein carries a synthetic FLAG
g 2HY mil Imidazole. The protein content of the euate Wag,;,sa followed by a cluster of 6 histidine residues for purification
determined using a protein quantification kit (Biorad). The typicalis "Njiz+ affinity chromatography. In an earlier study, the ScFv-
yield of purified protein was 30 mg/l of original bacterial culturzclzg y

) - X RP5)-ETA protein was expressedbn coli and directed to the
with a purity of more than 90%, as determined by SDS-PAGE arid in)asmic space via the ompA signal peptide included in the

Coomassie-brilliant-blue staining. ScFv(FRP5)-ETA was r : ;

natured by rapid 1:10 dilution of _tﬁe purifie(d erotgin into a buffe{ xg Ess&%lu?;%%?Igfpli\rlggoazr;wsoﬁvxghg;"tﬁggrse)(':gr]nct))ricrjgwttop?g?:iln as
cpr?tal_nlng 400 mM L-arginine in PBS at 4°C and SUbsequeIﬂclusion bodies in the cytoplasm Bt coli here, the ompA signal
dialysis against PBS. sequence was removed from the plasmid pSW202-5, resulting in
Cell-viability assay the construct pSW220-5. This plasmid facilitates expression of a

Thein vitro cell-killing activity of ScFv(FRP5)-ETA was mea- scFv(FRP5)-ETA molecule, which is identical to the previously

sured basically as described (Wetsal., 1992). Human tumor cells US€d Protein except for the lack of the secretion signal. _

or rat NV2Cd-erbB2 cells were seeded in 96-well plates at a 1he modified expression plasmid was transformed Et@oli
density of 1x 10* cells/well in normal growth medium. Various Strain HB101, and expression of the recombinant protein was
concentrations of scFv(FRP5)-ETA protein were added to triplicaeduced by the addition of 1% lactose. Protein expression peaked
samples and the cells were incubated for 40 hr (human tumor cefl to 20 hr after induction, in contrast to 3 hr when the synthetic
or 96 hr (NV2Cd-erbB2). We added 10 pl of 10 mg/ml MTTIPTG was. used. for |n.duct|on .(data not shown.).. Ce]ls were
(3-(4,5-dimethylthiazole-2-yl)-2,5 diphenyltetrazolium bromideharvested, inclusion bodies were isolated and solubilized in a buffer
(Sigma, Deisenhofen, Germany) in PBS to each well and incuba@@ntaining 8 M urea, 50 mM Tris, pH 9.0, and 250 mM NaCl.
the cells for another 3 hr. Cells were lysed for 3 hr by the additidRecreasing the pH of the buffer resulted in a lower yield of
of 90 pl of 20% SDS in 50% dimethyl formamide, pH 4.7. Thesolubilized recombinant protein, whereas a lower NaCl concentra-
absorption at 590 nm was determined in a microplate readén negatively influenced the binding of denatured scFv(FRPS)-
(Dynatech, Denkendorf, Germany) as a measure of the numbefEdA_to Ni**-saturated chelating sepharose in_the subsequent
viable cells in comparison with cells grown in the absence durification step (data not shown). ScFv(FRP5)-ETA was purified

recombinant protein. from solubilized inclusion bodies via a single round of Naffinity

chromatography and re-natured by rapid dilution and subsequent
In vivo anti-tumor activity of scFv(FRP5)-ETA dialysis as, described in “Material and Methods”. The yield of
in immunocompetent rats purified protein was typically 30 mg/l of original bacterial culture,

Female BDIX rats (weight approximately 350 g) were purchaseuith a purity of more than 90% as determined by SDS-PAGE
from Charles River (Sulzfeld, Germany). NV2Cd or NV2Cd-erbB2nalysis (data not shown).
cells (1x 107) were re-suspended in 100 pl of PBS and injected ) . e
s.c. into the flanks of the animals (3 rats/group). After 7 days, whégytotoxic activity and specificity of scFv(FRP5)-ETA
the tumors were palpable, the animals were treated either byin order to determine the cytotoxic activity and specificity of
intratumoral or by intravenous injection of purified scFv(FRP5)scFv(FRP5)-ETA purified from inclusion bodies) vitro cell-
ETA or control proteins for 10 consecutive days. For locdatilling experiments were performed. SKBR3 and MDA-MB468
treatment, 50 pl each of the antibody-toxins were injected directiyman breast-carcinoma cells and A431 human epidermoid-tumor
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viable cells in comparison with cells grown in the absence of toxin TABLE | —IN VITROCELL-KILLING ACTIVITY OF scFv(FRP5)-ETA PURIFIED
was determined. Tr?e results are summarized in Table I. ScFv(FRP5)- FROM DIFFERENT SUB-FRACTIONS

ETA purified from inclusion bodies was cytotoxic for SKBR3 cells, ! Number of ICso (ng/mlP

which highly over-express erbB2 on their surfaces{l©f 50 Cellline erbB2recepto’s  Toral lysated  Inclusion bodies
ng/ml). The antibody toxin did not affect the growth of MDA- A3L 5 % 10° 33 18
MB468 cells, which express high levels of the EGF receptor but

only very low levels of erbB2, indicating that it is highly specific gKDéA‘;\é'B%B 1<_52§ %82 >10§2 >10§8

for erbB2-expressing cells. ScFv(FRP5)-ETA was also active on

A431 cells, which express approximately510* erbB2 molecules  ErbB2-receptor numbers were reported by Jaretaal. (1996).—

per cell. We have shown that A431 cells, despite moderate erbBgs, values were determined in a cell viability assay, as described in
levels, are highly sensitive to scFv(FRP5)-ETA, probably due td/aterial and Methods”.<The cell-killing activity of scFv(FRPS5)-
increased receptor turnover caused by heterodimerization of erbﬁ@“\ purified from total cell lysates were determined earlier (Vls
with EGF receptor, which is highly over-expressed in A431 cel@'": 1999).

and activated via autocrine stimulation by T@FWels et al.,

1995; Schmidtet al., 1996). As shown in Table I, then vitro .

cell-killing activity of scFv(FRP5)-ETA expressed from a construcioses of 125 or 250 pg/kg for 10 consecutive days (Fip. 2
lacking the ompA signal sequence and purified from inclusiopyStemic treatment with 250 pg/kg/day inhibited NV2Cd-erbB2
bodies was very similar to that of the recombinant protein used in earfi1or growth, but was less effective than local treatment with 25
studies. This indicates that the properties of the antibody toxin were M#/day. Treatment with 125 pg scFv(FRPS)-ETA/kg/day had no

altered by the different way of expression and purification. effect onin vivo tumor growth. Upon termination of the treatment,
the tumors regrew in all animals. The antibody toxin was well
In vitro cell-killing activity of ScFv(FRP5)-ETA tolerated by the animals, and no weight loss or other signs of

Implantation of NV2Cd rat schwannoma cells in syngeneiscyStemIC toxicity were observed (data not shown).

BDIX rats initially results in a strong tumor-specific cytotoxic-T-Specificity of scFv(FRP5)-ETA vivo

cell response (Altenschmiet al., 1997). However, the tumor cells  |n order to confirm that the anti-tumoral effects of scFv(FRP5)-
eventually escape elimination by the host immune system, througha were mediated via specific binding of the toxin to erbB2, a
the secretion of immunosuppressive factors such as isoformssgilar experiment was performed with animals carrying tumors of
TGF-B. In this respect our model resembles a possible clinicide parental NvV2Cd cells, which do not express human erbB2.
situation, since In certain cases anti-tumor immune respongeablished s.c. NV2Cd tumors in BDIX rats were treated by
observed in cancer patients are not sufficient to accomplish tumgfratumoral injection of 25 pg/day of scFv(FRP5)-ETA for 10
rejection. In contrast, a tumor-specific antibody toxin should not k&nsecutive days. As controls, animals carrying NV2Cd-erbB2
affected in its activity by immunosuppressive agents. NV2Cdymors were treated either with the same dose of scFv(FRP5)-ETA
erbB2 cells have been generated by Nikéiral. (1996) via stable or with PBS (3 animals/group). The results are shown in Figare 3
transfection of NV2Cd cells with a humambB2 cDNA construct. As observed before, treatment with 25 pg/day of the antibody toxin
The resulting cells display vitro andin vivo growth characteris- inhibited the growth of NV2Cd-erbB2 tumors. In contrast, the
tics indistinguishable from the parental cell line (data not shown)growth of erbB2-negative NV2Cd tumors was not affected by scFv-

The expression of human erbB2 by NV2Cd-ErbB2 cells wa&RP5)-ETA, indicating that the antibody toxin is strictly dependent on
confirmed by immunoblot analysis with a monoclonal antibodgrbB2 on the tumor cell surface to elicit a therapeutic effect.

(MAb) specific for human erbB2 (Fig.a). The binding of the T further exclude the possibility that unspecific toxic effects
scFv(FRP5)-ETA immunotoxin to the surface of NV2Cd-erbBZontribute to the observed inhibition of tumor growth, established
cells was verified by FACS analysis (data not shown). ifhétro  Nv2Cd-erbB2 tumors were treated as described above by intratu-
cytotoxic activity of scFv(FRP5)-ETA on NV2Cd-erbB2 moral injection of 25 pg/day of the antibody toxin scFv(225)-ETA
schwannoma cells was analyzed in cell-killing experiments. Thgr 10 consecutive days. ScFv(225)-ETA is very similar in its
cells were incubated for 96 hr with the antibody toxin at concentratructure to scFv(FRP5)-ETA, but is selectively cytotoxic for
tions ranging from 1 ng/ml to 10 pg/ml, and the relative number ¢fuman tumor cells over-expressing the EGF receptor (\teds.,
viable cells was determined. The res.ults are shown !n Flgmfml 1995)AS shownin Figurdﬁat an identical dose the EGF_receptor_
contrast to the erbB2-over-expressing tumor cell lines shown dpecific antibody toxin, in contrast to scFv(FRP5)-ETA, had no
Table 1, NV2Cd-erbB2 cells were only moderately sensitive tgffect on then vivogrowth of NV2Cd-erbB2 tumors. These results

scFV(FRP5)-ETAN vitro, which might reflect their lower level of clearly show that the growth inhibitory effects of scFv(FRP5)-ETA
erbB2 expression of approximately 1.8 1C° receptors/cell. zre highly specific.

However, parental erbB2-negative NV2Cd cells remained unaf- . o

fected by the immunotoxin, indicating that the growth inhibitoryffect of treatment schedule on the anti-tumoral activity

effect was specific (Fig.H). As shown for human erbB2-expressing®f SCFV(FRP5)-ETA

tumor cells (Harwertlet al., 1992) the parental erbB2-specific antibody To analyze the dependency of scFv(FRP5)-ETA anti-tumoral
FRP5 in the absence of the cytotoxic ETA effector domain had no effexdtivity on the period of tumor establishment before treatment,

on the growth of NV2Cd-erbB2 cells (data not shown). BDIX rats carrying s.c. NV2Cd-erbB2 tumors were treated by
intratumoral injection of 25 pg/day of scFv(FRP5)-ETA either from
In vivo anti-tumoral activity of scFv(FRP5)-ETA day 7 to day 16 or from day 13 to day 22 after implantation of the

BDIX rats Carrying established s.c. NV2Cd-erbB2 tumors (BJmOI’ cells. Control animals Were.trea:ted with PBS from day 13 to
animals/group) were treated with the erbB2-specific scFv(FRPZ}aY 22. The results are shown in Figure 4. Tumor growth was
ETA toxin. NV2Cd-ErbB2 schwannoma cells K.107) were suppressed by scFv(FRP5)-ETA during the treatment period when
injected s.c. into the flanks of syngenic immunocompetent ratfe treatment was begun on day 7. In contrast, when the tumors
After 7 days, when the tumors were palpable, the animals wengre larger at the onset of treatment on day 13, no significant
treated with scFv(FRP5)-ETA for 10 days and the effects of locHlhibition of tumor growth at the same dose of scFv(FRP5)-ETA
and systemic treatment on tumor growth were investigated. TH&s observed in comparison with PBS-treated controls.
results are shown in Figure 2. Intratumoral application of 25 pg/dayWe have shown that NV2Cd tumors develop necrotic areas
resulted in significant growth inhibition of NV2Cd-erbB2 tumors irinside the tumor approximately 15 days after s.c. implantation of
comparison with PBS-treated controls, whereas treatment witrcells and form fluid-filled cysts (Altenschmidet al., 1997).
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FiIGURE 1—(a) Immunoblot analysis of cell lysates from NV2Cd transfectants. Equal amounts of cell lysates from NV2Cd-erbB2 rat
schwannoma cells stably transfected with hurednB2 cDNA, parental NV2Cd cells, and erbB2-over-expressing SKBR3 human mammary-
carcinoma cells were separated by electrophoresis on 7.5% SDS-polyacrylamide gels and transferred to PVDF membranes as indicated.
Immunodetection was performed with a MAb specific for human erbB2, followed by incubation with an anti-mouse horseradish-peroxidase-
labeled antibody and chemiluminescent detection. The position of the erbB2 protein is ind{tatéthibition of thein vitro growth of
NV2Cd-erbB2 schwannoma cells. NV2Cd-erbB2 cells and erbB2-negative parental NV2Cd cells were incubated for 96 hr with the indicated
concentrations of the erbB2-specific scFv(FRP5)-ETA, and the number of viable cells in comparison with PBS-treated cells was determined by an
enzymatic assay, as described in “Material and Methods”.

batedin vitro for different time intervals with cyst fluid removed carrying s.c. NV2Cd-erbB2 tumors were treated for 10 days as
from 23-day-old tumors at a ratio of 1 pl of cyst fluid per pg oflescribed above by intratumoral injection of 25 pg/day of scFv-
protein. The integrity of the fusion protein was subsequentFRP5)-ETA pre-treated with the serum obtained from toxin-
analyzed by SDS-PAGE and immunoblotting with a specifiteated animals, at a concentration of 20 pl serum/mg recombinant
antibody. As shown in Figure 5, the immunotoxin was partiallantibody toxin. As shown in Figure 6op significant reduction in
degraded after 2 hr of incubation with cyst fluid at 37°C (lane Bhe anti-tumoral activity of scFv(FRP5)-ETA was observed upon
and completely degraded after 4 hr of incubation (lane C). Thepee-treatment with the rat serum as compared with the results of
results show that proteolytic activity is present in the necrotic areastafatment with the native antibody toxin. This is consistent with the
NV2Cd-erbB2 tumors, and rapidly destroys the scFv(FRP5)-ETisults of in vitro cell-killing experiments with erbB2-over-
immunotoxin. This explains the failure of the antibody toxin to inhibiexpressing human tumor cells and scFv(FRP5)-ETA in the pres-
the growth of tumors at time points when cysts have already formed. ence of rat sera. In these experiments, no difference in the effects of
o . . . sera from toxin-treated or PBS-treated animals on the cytotoxic
Specific antl_bod_y response in scFv(F_RP5)-ETA-treate‘j anmals activity of the immunotoxin was observed (data not shown),
After termination of then vivoexperiments, serum was obtainedngicating that upon treatment with the recombinant toxin a humoral
from the tumor-bearing rats, in order to investigate the generatighi-toxin response develops. However, this response did not result in

of immunotoxin-specific antibodies. Purified scFv(FRPS)-ETAwagetralization of the anti-tumoral activity of the fusion protein.
separated by SDS-PAGE, blotted onto PVDF membranes, and

incubated with rat sera. The results are shown in FigareB6th,

sera from rats treated systemically with different doses of scFv-

(FRP5)-ETA (lanes 1 and 2) and sera from animals treated by BISCUSSION

intratumoral injection (lanes 3 and 4) contained anti-immunotoXin Members of the erbB family of receptor tyrosine kinases have
antibodies with higher titers in the sera of systemically treated raffeen shown to play an important role in tumor development and
As expected, no anti-scFv(FRP5)-ETA antibodies developed fiogression. In particular, over-expression of erbB2 and the EGF
PBS-treated animals (lane 5). The antibodies were directed maipd¢eptor has been correlated with poor clinical outcome in sub-sets
against the toxin domain, since the sera reacted equally with @human malignancies (Hynes and Stern, 1994; Gullick, 1991).
irrelevant scFv(9E10)-ETA control protein containing a differenbue to the differential expression of such receptors, high on the
antibody domain specific for a myc epitope (data not shown) (Fitimor cell surface and low on most normal tissues, therapeutic
6b, lanes 8-11). Neither PBS-treated animals nor animals treaigightegies specifically targeted to erbB2 and the EGF receptor hold
with the immunotoxin developed antibodies directed against thgomise to improve the clinical situation. MAbs specific for the
human erbB2 molecule (data not shown). extracellular domains of such receptors have been shown to
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Ficure 2 — Effect of scFv(FRP5)-ETA on thie vivo growth of NV2Cd-erbB2 schwannoma cells. Tumor cells<(107) were injected s.c. in
syngeneic BDIX rats on day 0. From day 7 to day 16 the animals received daily injections of scFv(FRP5)-ETA directly into tHe)tofizs
pg/day (filled triangles) or of 12.5 pg/day (open triangles), or systemically into the tail(beiof 250 pg/kg/day (closed circles) or of 125
pg/kg/day (open circles). Control animals were treated with PBS (open squares). Tumor size was measured at the indicated time points and tumor
volumes were calculated. The mean values for each group are shown and the standard deviation is represented by error bars.
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FIGURe 3 — Specificity of scFv(FRP5)-ETh vivo. (a) NV2Cd-erbB2 (closed circles) or erbB2-negative parental NV2Cd schwannoma cells
(open circles) (Ix 107 in each case) were injected s.c. in syngeneic BDIX rats on day 0. From day 7 to day 16 the animals received daily
intratumoral injections of 25 pg/day of scFv(FRP5)-ETA. Control animals were treated with PBS (open s@ophég2Cd-erbB2 tumor cells
(1 x 10) were injected s.c. in syngeneic BDIX rats on day 0. From day 7 to day 16 the animals received daily intratumoral injections of 25 pg/day
of the erbB2-specific scFv(FRP5)-ETA (closed circles) or the EGF-receptor-specific control protein scFv(225)-ETA (closed squares). Control
animals were treated with PBS (open squares). Tumor size was measured at the indicated time points and tumor volumes were calculated. The
mean values for each group are shown and the standard deviation is represented by error bars.

sohn, 1994; Baselget al., 1996). The growth-inhibitory potential Here we have studied the anti-tumoral activity of the erbB2-
of such antibodies can be potentiated by connecting them gpecific scFWseudomonasxotoxin-A fusion protein scFv(FRP5)-
cytotoxic effector functions such as bacterial toxins. We haJ€TA in immunocompetent rats. ThHa vivo effects of molecules
described the potent anti-tumoral activity of recombinant singleuch as immunotoxins containing species-specific binding domains
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