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Fig. 6. Inhibition of scFv(FRP5)-ETA cell killing activity by competition with
MAD FRPS. HC11 clone R1#11 cells transfected with the human erbB-2 gene
were incubated for 40 h with 1 ug/ml scFv(FRPS5)-ETA (right) without the addi-
tion of competitor (O) or in the presence of 10 ug/ml MAb FRPS5 (H) or 10 ug/ml
control MAb 225 (&) as competitors. The relative number of viable cells was
determined with an enzymatic assay described in “Materials and Methods™ and is
indicated as the absorption at 570 nm. As a control the effects of the competitors
on R1#11 cells incubated in the absence of scFv(FRPS5)-ETA are shown (left).

The effect of the scFv(FRP5)-ETA on the viability of HTB77
and SKBR3 cells was also measured. The cells were incubated
for 40 h at 37°C with various concentrations of scFv(FRP5)-
ETA, and the relative number of viable cells was determined
with an enzymatic assay (Fig. 7B). The IDs, for HTB77 and
SKBR3 cells was found to be, respectively, 175 and 32 ng/ml
(Fig. 7B; Table 1). These values agree well with those obtained
in the protein synthesis assay. The effect of the toxin upon
cellular viability reflects its effect upon protein synthesis.

Half-Life of scFv(FRPS)-ETA in the Circulation of Mice.
Prior to testing the in vivo effects of scFv(FRPS)-ETA, its turn-
over in the serum of mice was examined. A single dose of 4.25
ug of scFv(FRPS)-ETA was injected into the tail vein of two
mice, and blood was collected after 1, 10, 30, and 45 min. The
amount of scFv(FRPS5)-ETA in the serum was determined by an
ELISA assay. The serum half-life was found to be approxi-
mately 30 min (Fig. 8).

scFv(FRPS)-ETA Suppresses Tumor Cell Growth. The in
vivo antitumor activity of the scFv(FRPS5)-ETA was tested on
HTB77 ovarian carcinoma xenografts in nude mice. Twenty-
five mg of HTB77 tumor tissue were implanted s.c. into 3
groups of 5 mice on day 0. Miniosmotic pumps which delivered
1 or 6 ug/mouse/day of scFv(FRP5)-ETA were implanted s.c.
into two of the groups on day 10. In the control group, the
pumps contained PBS. The pumps delivered a constant amount
of material for approximately 7 days. In the two groups that
received the recombinant scFv(FRPS5)-ETA there was minimal
tumor growth up to day 32, 15 days after the pumps had emp-
tied. After this, tumors grew in the animals which had received
the lower dose of scFv(FRPS)-ETA. By day 43, when the ex-
periment was terminated, the tumors in this group were ap-
proximately one-half the size of those in the control group (Fig.
9). In contrast, tumor growth was inhibited by 96% in animals
which received 6 ug/day of scFv(FRPS)-ETA. In 3 of 5 animals
of this group tumor growth was completely inhibited (Fig. 9).

DISCUSSION

Approximately one-third of newly diagnosed cancers in
women are breast and ovarian (8). A recent metaanalysis of the
value of adjuvant chemo- or hormonal therapy in breast cancer
treatment has shown that these treatments are beneficial for
patients (38). Studies on genetic alterations found in cancer
cells have shown that certain protooncogenes and their protein

products are consistently altered in breast and ovarian tumors
(1, 2). Based on the information about the physical and bio-
chemical properties of these molecules, it now becomes possible
to design specific agents which might be combined with stan-
dard chemo- and hormonal adjuvant therapies and increase the
chances of successful treatment of cancer patients. The c-erbB-2
gene is amplified, and the receptor is overexpressed in up to
30% of breast and ovarian tumors (2-8). Patients whose tumors
display elevated erbB-2 levels appear to have a worse prognosis
(11-15). The high level of receptor expression, its extracellular
accessibility, and its implication in the malignancy of the cancer
make it an excellent target for specific cytotoxic reagents. The
experiments in this paper describe the results obtained with a
recombinant single-chain antibody-toxin protein targeted to the
erbB-2 receptor. The scFv(FRPS)-ETA consists of the anti-
body-binding domain of an erbB-2-specific MADb linked to a
modified P. aeruginosa ETA. A similar approach has recently
been described (39). We have shown that the scFv(FRP5)-ETA
protein specifically binds to cells expressing the human erbB-2
receptor and, at low doses, is able to inhibit the in vivo growth
of tumor cells which have high levels of the erbB-2 receptor.

A B
120 T—— 120 —
100 ¢ o 100 90
00 - 80 — h
60 60 —
40 ! 40 |
20 | yvB77 E 20 wver?
(] T T O t+—T——T1 71—
Rr
120 stzn
100 ¢— giw—i
§ 80 — o 80 —
60 — 00 —
. o Bl
20 | sxBR3 | 20 | gxBRs *
0 T T OT—T T T
120 00 1.0 10 100 1000
100 4 MDAMB4s3 ngimi
w—
w_.
= 40 —
F - ¢
[ T T 3
120 E§
o i
80 — TR .
60 — obB-2 .
w— 1= . _-______
20 —| MDA MB231
o | B

00 1.0 10 100 1000
ng/mi

Fig. 7. A, inhibition of protein synthesis in human tumor cells by scFv(FRPS)-
ETA. HTB77 human ovarian carcinoma cells and SKBR3, MDA-MB453, and
MDA-MB231 human breast cancer cells were incubated with the indicated con-
centrations of scFv(FRPS)-ETA for 16 h. The treated cells were labeled with
[3H]leucine, and the rate of protein synthesis was determined and compared to the
rate in control untreated cells. Each point was determined in triplicate. B, inhi-
bition of the growth of human tumor cell lines by scFv(FRP5)-ETA. HTB77 and
SKBR3 tumor cells were incubated with the indicated concentrations of scFv-
(FRPS)-ETA for 40 h. The relative number of viable cells was determined with an
enzymatic assay described in “Materials and Methods” and is indicated as the
absorption at 570 nm. Each point was determined in triplicate. C, immunoblot of
human tumor cell extracts. Thirty ug of protein extract from MDA-MB453,
MDA-MB231, HTB77, and SKBR3 human tumor cells were separated by 7.5%
SDS-PAGE and blotted onto PVDF membranes, and the erbB-2 protein was
detected using 21N antiserum followed by !23I-protein A. The position of the M,
185,000 erbB-2 protein is indicated.
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Fig. 8. Serum half-life of scFv(FRPS)-ETA. Approximately 4.25 ug of scFv-
(FRP5)-ETA were injected i.v. into Balb/c mice, and blood samples were taken at
the indicated time points. After clotting on ice the serum concentrations of scFv-
(FRPS)-ETA were determined by ELISA.
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Fig. 9. Effect of scFv(FRP5)-ETA on the in vivo growth of HTB77 human
ovarian tumor xenografts in athymic mice. Approximately 25 mg of HTB77
tumor tissue were implanted s.c. in each mouse (5 mice/group). Ten days later the
mice were treated by continous infusion of 1 ug (O) or 6 ug (O) of scFv(FRPS)-
ETA per day for 7 days. The control group received PBS (®). The tumor size was
measured at the indicated times, tumor volumes were calculated, and the data
were statistically analyzed.

The recombinant scFv(FRPS)-ETA, produced in bacteria,
was found to have an 8-fold reduced affinity for the erbB-2
receptor when it was compared with the original MADb. In other
experiments we have examined the characteristics of the scFv-
(FRPS) and scFv(FRPS5)-PhoA recombinant proteins. These
proteins also display an approximately 8-fold reduced affinity
for the erbB-2 receptor (23). A reduced affinity for the antigen
has been described for other scFv proteins (20, 22, 40-42). It is
possible that the reduced affinity is due to the peptide linker
connecting the two variable domains or to the order of these
domains in the protein. The affinity of the recombinant scFv-
(FRPS)-ETA is still very high and allows specific binding to
erbB-2-expressing cells.

The effects of scFv(FRPS)-ETA on cellular protein synthesis
and viability were examined in a number of cell lines. The IDso
for protein synthesis inhibition ranged from 1.6 ng/ml for the
HC11 R2#11 cells to 195 ng/ml for the HTB77 cells. The
differences in susceptibility are not strictly proportional to the
amount of erbB-2 protein present in the cells. The HTB77 and
SKBR3 cells have the highest level of erbB-2 protein but were

the least sensitive to the scFv(FRP5)-ETA. Despite the fact that
the cells have approximately the same amount of erbB-2, there
was a 6.7-fold difference in the sensitivity of the HTB77 and
SKBR3 cells toward the scFv(FRP5)-ETA. There are a few
possible explanations for these results. Since the toxin must be
internalized to inhibit protein synthesis, the turnover of the
receptor may play an important role in the process. We have
measured the half-life of erbB-2 receptor in HC11 cells express-
ing the normal and the activated human alleles and have found
that the activated erbB-2 receptor turns over twice as fast as its
normal counterpart.* This has also been observed in fibroblasts
expressing both types of receptor and most likely reflects the
high activity of the kinase in the activated receptor (43). This
may explain why the R2#11 cells containing the activated
erbB-2 allele are slightly more sensitive to the scFv(FRPS)-ETA
than R1#11 cells, despite the fact that they contain approxi-
mately 8-fold less erbB-2 receptor.

The HTB77, SKBR3, and MDA-MB453 cells are differen-
tially sensitive to the scFv(FRP5)-ETA despite the fact that the
half-life of the erbB-2 receptor in these cell lines is approxi-
mately the same.* It has been reported that tumor cells with
very high levels of the erbB-2 receptor shed the extracellular
domain of the protein into the medium (44, 45). Therefore, in
these cells the receptor turnover as well as the presence of
competing free extracellular domain might influence the sensi-
tivity of the cells to the scFv(FRP5)-ETA. It is interesting to
note that MDA-MB231 cells were not inhibited by the scFv-
(FRPS)-ETA. It has been reported that conditioned medium
from MDA-MB231 cells contains an erbB-2 ligand (46, 47);
therefore, it is possible that the erbB-2 receptor is occupied by
a ligand in these cells. Alternatively, the low level of receptor
present on the MDA-MB231 cells may not allow sufficient
amounts of the scFv(FRP5)-ETA to be internalized into the
cells.

scFv(FRP5)-ETA was tested for its antitumor activity in
nude mice transplanted with HTB77 tumor cells. Administra-
tion of 6 ug/mouse/day was sufficient to inhibit tumor growth
completely in 3 of 5 animals. A 6-fold lower dose inhibited
tumor growth for 15 days, but eventually tumors grew in all of
the animals. We have determined that administration of the
scFv(FRPS5)-ETA by continuous infusion is the optimal method
of delivery. We found that a dose of 5 ug injected once a day had
no effect upon tumor cell growth.S This suggests that constant
serum levels of the recombinant toxin are more efficient than
short-term high doses.

Recombinant scFv-ETA proteins have been used successfully
to Kkill cells with specific cell surface antigens. An anti-TacFv-
ETA protein, directed to the T-cell interleukin 2 receptor, was
shown to kill peripheral blood cells from patients with adult
T-cell leukemia (48). A recombinant B3Fv-ETA protein which
is directed against a carbohydrate antigen found on the surface
of many carcinomas has been shown to kill human tumor xe-
nografts in nude mice (49).

Recombinant proteins such as the scFv(FRPS)-ETA which
we have described in this paper may be useful in the adjuvant
treatment of breast or ovarian cancer, but possible obstacles
must be considered. One factor which may hinder treatment
with scFv-toxin proteins is the development of antibodies
against the scFv-toxin. The scFv will most likely be less immu-
nogenic than an intact antibody (see Ref. 22 for a discussion).

4 N. E. Hynes, unpublished observations.
S W. Wels, unpublished observations.
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To circumvent the antigenicity of the scFv domain, it is possible
to tranfer the antigen-binding sites in the variable regions from
a mouse to a human backbone (50). This process should lower
the immunogenicity of a scFv protein but may not completely
inhibit it (see, e.g., Ref. 51). In addition, the toxin portion of the
recombinant protein will provoke an immune response. Thus,
adjuvant treatment with a protein such as scFv(FRP5)-ETA
will be most effective if high doses can be given for short periods
of time.

Another potential problem is the fact that the erbB-2 protein
is not a tumor-specific antigen, since other normal human cells
also display this receptor. The results from immunohistochem-
ical studies indicate that embryonic tissues contain the highest
levels of erbB-2. In the adult, expression is limited to epithelial
cells in the digestive tract, reproductive tract, breast, kidney,
and skin (52-54). Since the level of erbB-2 protein in these
normal tissues is considerably lower than the level observed in
some tumors, there is hope that a therapy based upon differen-
tial expression of the erbB-2 protein may be successful.

ACKNOWLEDGMENTS

We thank Dr. U. Regenass for many helpful discussions and Drs. G.
Merlo and D. Taverna for their suggestions on the manuscript. The
help of Drs. Jeffrey Schlom and Robert Callahan in the initial stages of
this project is gratefully acknowledged.

REFERENCES

1. Callahan, R., Cropp, C., Merlo, G., Liscia, D., Cappa, A. P. M., and Li-
dereau, R. Somatic alterations and human breast cancer: a status report.
Cancer (Phila.), 69: 1582-1588, 1992.

2. Zheng, J., Robinson, W. R., Ehlen, T., Yu, M. C., and Dubeau, L. Distinc-
tion of low grade from high grade human ovarian carcinomas on the basis of
losses of heterozygosity on chromosomes 3, 6 and 11 and HER-2/neu gene
amplification. Cancer Res., 51: 4045-4051, 1991.

3. Slamon, D. J., Clark, G. M., Wong, S. G., Levin, W. J., Ullrich, A., and
McGuire, W. L. Human breast cnacer: correlation of relapse and survival
with amplification of the HER-2/neu oncogene. Science (Washington DC),
235: 177-182, 1987.

4. Varley, J. M., Swallow, J. E., Brammer, W. J., Whittaker, J. L., and Walker,
R. Alterations in either c-erbB-2(neu) or c-myc proto-oncogenes in breast
carcinomas correlate with poor short-term prognosis. Oncogene, /: 423-430,
1987.

5. Van de Vijver, M., van de Bersselaar, R., Devilee, P., Cornelisse, C., Peterse,
J., and Nusse, R. Amplification of the neu(c-erbB-2) oncogene in hu-
man mammary tumors is relatively frequent and is often accompanied by
amplification of the linked c-erb4 oncogene. Mol. Cell. Biol., 7: 2019-2023,
1987.

6. Berger, M. S., Locher, G. W, Saurer, S., Gullick, W. J., Waterfield, M. D.,
Groner, B., and Hynes, N. E. Correlation of c-erbB-2 gene amplification and
protein expression in human breast carcinoma with nodal status and nuclear
grading. Cancer Res., 48: 1238-1243, 1988.

7. Guerin, M., Barrois, M., Terrier, M-J., Spielmann, M., and Riou, G. Over-
expression of either c-myc or c-erbB-2/neu proto-oncogene in human
breast carcinomas: correlation with poor prognosis. Oncogene Res., 3: 21-
31, 1988.

8. Slamon, D. J., Godolphin, W., Jones, L. A., Holt, J. A., Wong, S. G., Keith,
D. E., Levin, W. J., Stuart, S. G., Udove, J., Ullrich, A., and Press, M. F.
Studies of the HER-2/neu proto-oncogene in human breast and ovarian
cancer. Science (Washington DC), 244: 707-712, 1989.

9. Coussens, L., Yang-Feng, T. L., Liao, Y-C., Chen, E., Gray, A., McGrath, J.,
Seeburg, P. H., Libermann, T. A., Schlessinger, J., Francke, U., Levinson,
A., and Ullrich, A. Tyrosine kinase receptor with extensive homology to EGF
receptor shares chromosomal location with nex oncogene. Science (Wash-
ington DC), 230: 1132-1139, 1985.

10. Yamamoto, T., Ikawa, S., Akiyama, T., Semba, K., Nomura, N., Miyajima,
N., Saito, T., and Toyoshima, K. Similarity of protein encoded by the human
c-erbB-2 gene to epidermal growth factor receptor. Nature (Lond.), 3/9:
230-234, 1986.

11. Tandon, A. K., Clark, G. M., Chamness, G. C., Ullrich, A., and McGuire, W.
L. HER-2/neu oncogene protein and prognosis in breast cancer. J. Clin.
Oncol., 7: 1120-1128, 1989.

12. Tsuda, H., Hirohashi, S., Shimosato, Y., Hirota, T., Tsugane, S., Yamamoto,
H., Miyajima, N., Toyoshima, K., Yamamoto, T., Yokota, J., Yoshida, T.,
Sakamoto, H., Terada, M., and Sugimura, T. Correlation between long-term
survival in breast cancer patients and amplification of two putative oncogene-

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31

32.

33

34.

35.

36.

6316

coamplification units: Ast-1/int-2 and c-erbB-2/ear-1. Cancer Res., 49: 3104
3108, 1989.

Wright, C., Angus, B., Nicholson, S., Sainsbury, J. R. C., Cairns, J., Gullick,
W. J., Kelly, P., Harris, A. L., and Horne, C. H. W. Expression of c-erbB-2
oncoprotein: a prognostic indicator in human breast cancer. Cancer Res., 49:
2087-2090, 1989.

Paik, S., Hazan, R., Fisher, E. R., Sass, R. E., Fisher, B., Redmond, C.,
Schlessinger, J., Lippman, M. E., and King, C. R. Pathological findings from
the national surgical adjuvant breast and bowel project: prognostic signifi-
cance of erbB-2 protein overexpression in primary breast cancer. J. Clin.
Oncol., 8: 103-112, 1990.

Richner, J., Gerber, H. A., Locher, G. W., Goldhirsch, A., Gelber, R. D.,
Gullick, W. J., Berger, M. S., Groner, B., and Hynes, N. E. c-erbB-2 pro-
tein expression in node negative breast cancer. Ann. Oncol., I: 263-268,
1990.

Masui, H., Kawamoto, T., Sato, J. D., Wolf, B., Sato, G., and Mendelsohn,
J. Growth inhibition of human tumor cells in athymic mice by anti-EGF-
receptor mAbs. Cancer Res., 44: 1002-1007, 1986.

Hancock, M. C., Langton, B. C., Chan, T., Toy, P., Monahan, J. J., Mischak,
R. P., and Shawver, L. K. A monoclonal antibody against the c-erbB-2
protein enhances the cytotoxicity of cis-diaminedichloroplatinum against
human breast and ovarian tumor cell lines. Cancer Res., 51: 4575-4580,
1991.

Chari, R. V. J,, Martell, B. A,, Gross, J. L., Cook, S. B., Shah, S. A,,
Blaettler, W. A., McKenzie, S. J., and Goldmacher, V. S. Immunoconjugates
containing novel maytansinoids: promising anticancer drugs. Cancer Res.,
52: 127-131, 1992.

Harwerth, I-M., Wels, W., Marte, B., and Hynes, N. E. Monoclonal anti-
bodies against the extracellular domain of the erbB-2 receptor function as
partial ligand agonists. J. Biol. Chem., 267: 15160-15167, 1992.

Huston, J. S., Levinson, D., Mudgett-Hunter, M., Tai, M-S., Novotny, J.,
Margolies, M. N., Ridge, R. J., Bruccoleri, R. E., Haber, E., Crea, R., and
Oppermann, H. Protein engineering of antibody binding sites: recovery of
specific activity in an anti-digoxin single chain Fv analogue produced in
Escherichia coli. Proc. Natl. Acad. Sci. USA, 85: 5879-5883, 1988.

Bird, R. E., Hardman, K. D., Jacobson, J. W., Johnson, S., Kaufman, B. M.,
Lee, S-M.,, Lee, T., Pope, S. H., Riordan, G. S., and Whitlow, M. Single-
chain antigen binding proteins. Science (Washington DC), 242: 423-426,
1988.

Colcher, D., Bird, R., Roselli, M., Hardman, K. D., Johnson, S., Pope, S.,
Dodd, S. W., Pantoliano, M. W., Milenic, D. E., and Schlom, J. In vivo
tumor targeting of a recombinant single-chain antigen-binding protein. J.
Natl. Cancer Inst., 82: 1191-1197, 1990.

Wels, W., Harwerth, 1. M., Zwickl, M., Hardman, N., Groner, B., and Hynes,
N. E. Construction, bacterial expression and characterization of a bifunc-
tional single-chain antibody-phosphatase fusion protein targeted to the hu-
man erbB-2 receptor. Biotechnology, 70: 1128-1132, 1992.

Hynes, N. E., Taverna, D., Harwerth, I-M., Ciardiello, F., Salomon, D. S.,
Yamamoto, T., and Groner, B. Epidermal growth factor receptor, but not
c-erbB-2, activation prevents lactogenic hormone induction of the S-casein
gene in mouse mammary epithelial cells. Mol. Cell. Biol., 10: 4027-4034,
1990.

Lory, S., Strom, M. S., and Johnson, K. Expression and secretion of the
cloned Pseudomonas aeruginosa exotoxin A by Escherichia coli. J. Bacteriol.,
170: 714-719, 1988.

Prickett, K. S., Amberg, D. C., and Hopp, T. P. A calcium-dependent anti-
body for identification and purification of recombinant proteins. Biotech-
niques, 7: 580-589, 1989.

Manoil, C., and Beckwith, J. TnphoA: a transposon probe for protein export
signals. Proc. Natl. Acad. Sci. USA, 82: 8129-8133, 1985.

Kornilova, E. S., Taverna, D., Hoeck, W., and Hynes, N. E. Surface expres-
sion of erbB-2 protein is post-transcriptionally regulated in mammary epi-
thelial cells by epidermal growth factor and by the culture density. Oncogene,
7: 511-519, 1992,

Hynes, N. E., Gerber, H. A., Saurer, S., and Groner, B. Overexpression of the
c-erbB-2 protein in human breast tumor cell lines. J. Cell. Biochem., 39:
167-173, 1989.

Legocki, A. B. Elongation factor EF-2 from wheat germ: purification and
properties. Methods Enzymol., 60: 703-719, 1979.

Mosmann, T. Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays. J. Inmunol. Methods,
65: 55-63, 1983.

Hansen, M. B., Nielsen, S. E., and Berg, K. Re-examination and further
development of a precise and rapid dye method for measuring cell growth/cell
killing. J. Immunol. Methods, /79: 203-210, 1989.

Meyer, T., Regenass, U., Fabro, D., Alteri, E., Roesel, J., Mueller, M.,
Caravatti, G., and Matter, A. A derivative of staurosporine (CGP41251)
shows selectivity for protein kinase C inhibition and in vitro anti-proliferative
as well as in vivo anti-tumor activity. Int. J. Cancer, 43: 851-856, 1989.
Brinkmann, U., Pai, L. H., FitzGerald, D. J., and Pastan, 1. Alteration of a
protease-sensitive region of Pseudomonas exotoxin prolongs its survival in
the circulation of mice. Proc. Natl. Acad. Sci. USA, 89: 3065-3069, 1992.
Siegall, C. B., Chaudhary, V. K., FitzGerald, D. J., and Pastan, 1. Functional
analysis of domains II, Ib and III of Pseudomonas exotoxin. J. Biol. Chem.,
264: 14256-14261, 1989.

Gray, G. L., Smith, D. H., Baldrige, J. S., Harkins, R. N., Vasil, M. L., Chen,

Downloaded from cancerres.aacrjournals.org on January 24, 2022. © 1992 American Association for Cancer

Research.


http://cancerres.aacrjournals.org/

37.

38.

39.

40.

41.

42.

43.

45.

46.

erbB-2-SPECIFIC IMMUNOTOXIN

E. Y., and Heyneker, H. L. Cloning, nucleotide sequence and expression in
Escherichia coli of the exotoxin A structural gene of Pseudomonas aerugi-
nosa. Proc. Natl. Acad. Sci. USA, 81: 2645-2649, 1984.

Masuko, T., Sugahara, K., Kozono, M., Otsuki, S., Akiyama, T., Yamamoto,
T., Toyoshima, K., and Hashimoto, Y. A murine monoclonal antibody that
recognizes an extracellular domain of the human c-erbB-2 protooncogene
product. Jpn. J. Cancer Res., 80: 10-14, 1989.

Early Breast Cancer Trialists’ Collaborative Group. Systemic treatment of
early breast cancer by hormonal, cytotoxic or immune therapy. Lancet, 339:
71-84, 1992,

Batra, J. K., Kasprzyk, P. G., Bird, R. E., Pastan, 1., and King, C. R. Re-
combinant anti-erbB2 immunotoxins containing Pseudomonas exotoxin.
Proc. Natl. Acad. Sci. USA, 89: 5867-5871, 1992.

Chaudhary, V. K., Queen, C., Junghans, R. P., Waldmann, T. A, FitzGerald,
D. J., and Pastan, 1. A recombinant immunotoxin consisting of two antibody
variable domains fused to Pseudomonas exotoxin. Nature (Lond.), 339: 394-
397, 1989.

Glockshuber, R., Malia, M., Pfitzinger, 1., and Plickthun, A. A comparison
of strategies to stabilize immunoglobulin Fv- fragments. Biochemistry, 29:
1362-1367, 1990.

Orlandi, R., Guessow, D. H., Jones, P. T., and Winter, G. Cloning immu-
noglobulin variable domains for expression by the polymerase chain reaction.
Proc. Natl. Acad. Sci. USA, 86: 3833-3837, 1989.

Stern, D. F., Kamps, M. P., and Cao, H. Oncogenic activation of p185 neu
stimulates tyrosine phosphorylation in vivo. Mol. Cell. Biol., 8: 3969-3973,
1988.

. Langton, B. C., Crenshaw, M. C., Chao, L. A, Stuart, S. G., Akita, R. W,

and Jackson, J. E. An antigen immunologically related to the external do-
main of gp185 is shed from nude mouse tumors overexpressing the c-erbB-2
(HER-2/neu) oncogene. Cancer Res., 51: 2593-2598, 1991.

Zabrecky, J. R., Lam, T., McKenzie, S. J., and Carney, W. The extracellular
domain of p185/neu is released from the surface of human breast carcinoma
cells. J. Biol. Chem., 266: 1716-1720, 1991.

Lupuy, R., Colomer, R., Zugmaier, G., Sarap, J., Shepard, M., Slamon, D.,

47.

48.

49,

50.
S1.

52

53.

54.

6317

and Lippman, M. E. Direct interaction of a ligand for the erbB-2 oncogene
product with EGF receptor and p185 erbB-2. Science (Washington DC), 249:
1552-1555, 1990.

Holmes, W. E., Sliwkowski, M. X., Akita, R. W., Henzel, W. J., Lee, J.,
Park, J. W,, Yansura, D., Abadi, N., Raab, H., Lewis, G. D., Shepard, H. M.,
Kuang, W-J., Wood, W. L., Goeddel, D. V., and Vandlen, R. L. Identification
of heregulin, a specific activator of p185°78B2, Science (Washington DC), 256:
1205-1210, 1992.

Kreitman, R. J., Chaudhary, V. K., Waldmann, T., Willingham, M. C.,
FitzGerald, D. J., and Pastan, 1. The recombinant immunotoxin anti-Tac-
(Fv)-Pseudomonas exotoxin 40 is cytotoxic toward peripheral blood malig-
nant cells from patients with adult T-cell leukemia. Proc. Natl. Acad. Sci.
USA, 87: 8291-8295, 1990.

Brinkmann, U., Pai, L. H., FitzGerald, D. J., Willingham, M., and Pastan, I.
B3(Fv)-PE38KDEL, a single-chain immunotoxin that causes complete re-
gression of a human carcinoma in mice. Proc. Natl. Acad. Sci. USA, 88:
8616-8620, 1991.

Winter, G., and Milstein, C. Man-made antibodies. Nature (Lond.), 349:
293-299, 1991.

LoBuglio, A. F., Wheeler, R. H., Trang, J., Haynes, A., Rogers, K., Harvey,
E. B., Sun, L., Ghrayeb, J., and Khazaeli, M. B. Mouse/human chimeric
monoclonal antibody in man: kinetics and immune response. Proc. Natl.
Acad. Sci. USA, 86: 4220-4224, 1989.

Mori, S., Akiyama, T., Yamada, Y., Morishita, Y., Sugawara, 1., Toyoshima,
K., and Yamamoto, T. c-erbB-2 gene product, a membrane protein com-
monly expressed on human fetal epithelial cells. Lab. Invest., 61: 93-97,
1989.

DePotter, C. R., Daele, S. V., VanDeVijver, M. J., Pauwels, C., Maertens,
G., DeBoever, J., VandeKerckhove, D., and Roels, H. The expression of the
neu oncogene product in breast lesions and in normal fetal and adult human
tissues. Histopathology, 75: 351-362, 1989.

Press, M. F., Cordon-Cardo, C., and Slamon, D. J. Expression of the HER-
2/neu proto-oncogene in normal human adult and fetal tissue. Oncogene, 5:
953-962, 1990.

Downloaded from cancerres.aacrjournals.org on January 24, 2022. © 1992 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

AAC American Association
for Cancer Research

Cancer Research

The Journal of Cancer Research (1916-1930) | The American Journal of Cancer (1931-1940)

Selective Inhibition of Tumor Cell Growth by a Recombinant
Single-Chain Antibody-Toxin Specific for the erbB-2 Receptor

Winfried Wels, Ina-Maria Harwerth, Marcel Mueller, et al.

Cancer Res 1992;52:6310-6317.

Updated version  Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/52/22/6310

E-mail alerts  Sign up to receive free email-alerts related to this article or journal.

Reprints and  To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Subscriptions Department at pubs@aacr.org.

Permissions  To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/52/22/6310.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on January 24, 2022. © 1992 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/content/52/22/6310
http://cancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cancerres.aacrjournals.org/content/52/22/6310
http://cancerres.aacrjournals.org/

