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ABSTRACT
The human squamous carcinoma-reactive murine monoclonal antibody
IM I/I) was used to derive a conjugate with the Vinca derivative 4desacetylvinblastine-3-carboxyhydrazide
(PFI/D-DAVLBHYD).
This
immunoconjugate was shown to be largely aggregate free and there was
no loss of immunoreactivity postconjugation. When tested in vivo in a 3ila\-established human squamous carcinoma nude mouse xenograft
model, the PFI/D-DAVLBHYD conjugate eliminated tumor growth with
three injections (days 3, 6, and 9) at 2 mg/kg Vinca content. Significant
tumor suppression was also observed with 0.5 mg/kg conjugate doses. In
contrast, free PF1/D antibody had minimal antitumor activity and no
activity was seen with identical doses of a control non-tumor-binding
IgG-DAVLBHYD conjugate. Together, these data demonstrate the spec
ificity of the PFI/D-DAVLBHYD antitumor effects.

INTRODUCTION
Approximately 144,000 new cases of lung cancer occur an
nually in the United States (1), of which up to 50% are classified
as squamous carcinomas (2). With only a 13% 5-year survival
rate (2), alternative therapeutic approaches are clearly needed.
The use of monoclonal antibodies to target therapeutic agents
to lung and other solid tumors has recently gained considerable
attention. This approach offers the promise of selective anti
body-directed increase in drug concentration at the tumor site,
with resultant increased efficacy. One strategy, reviewed by
Frankel et al. (3), is to conjugate monoclonal antibodies to
toxins or toxic polypeptides. An alternative is to use less toxic,
more conventional oncolytic drugs for conjugation [for reviews
see Reisfeld and Cherish (4), and Ghose et al. (5)]. Vinca
alkaloids and their derivatives fall into the latter category. The
Vinca derivative DAVLB2 has been shown by Rowland et al.
(6) to have therapeutic promise as an immunoconjugate when
coupled with the antibodies 96.5 (melanoma reactive), 79IT/
36 (osteosarcoma reactive) or 11.285.14 (carcinoembryonic an
tigen reactive) and tested in appropriate nude mouse xenograft
models. Bumol et al. (7) recently reported significant human
tumor nude mouse xenograft suppression with the adenocarcinoma-reactive antibody KSI/4 as a DAVLB conjugate.
Another candidate for drug conjugation is PF1/D, a human
squamous carcinoma-reactive murine monoclonal antibody re
cently reported by Fernsten et al. (8). This antibody has the
desirable characteristic of being tumor cell surface reactive,
while having limited normal tissue reactivity.
In the present report, we describe PF1/D antibody conjugates
with the Vinca derivative DAVLBHYD (9). The PF1/DDAVLBHYD conjugate was tested for efficacy in vivo by using
human squamous carcinoma nude mouse xenografts. Relative
to a non-target-binding IgG-DAVLBHYD conjugate, PF1/DReceived 12/5/86; revised 2/17/87. 3/20/87; accepted 3/24/87.
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2The abbreviations used are: DAVLB. 4-desacetylvinblastine-4-hemisuccinate;
DAVLBHYD, 4-desacetylvinblastine-3-carboxhydrazide;
PBS, 0.01 M sodium
phosphate, pH 7.4, plus 0.15 M NaCI; DMEM, Dulbecco's modified Eagle's

DAVLBHYD showed significant tumor growth inhibition at
conjugate doses lower than have previously been reported for
DAVLB conjugates (6, 7).
MATERIALS

AND METHODS

Monoclonal Antibody. The hybridoma cell line PF1/D (8) was gen
erated with the P3X63Ag8 myeloma fusion partner and secretes an
active antibody of IgG3 isotype. The line was grown as ascites in
pristane-primed BALB/c mice, yielding 7 mg/ml immunoglobulin.
Following 5-jim filtration, antibody was affinity purified on a Protein
A Sepharose column (Pharmacia, Uppsala, Sweden). The wash buffer
was 0.01 M sodium phosphate, pH 8.0, and elution was carried out
with a step gradient with 0.1 M sodium phosphate buffer, pH 3.5.
Eluted fractions were immediately neutralized with l M Trizma, buffer
(Sigma Chemical Co., St. Louis, MO) pH 7.4, and dialyzed against
PBS. Antibody preparations were 0.2-jim sterile filtered and stored at
4Â°Cuntil used. A non-target cell-binding IgGl control monoclonal
antibody was kindly provided by Dr. A. L. Baker, Lilly Research
Laboratories, Indianapolis, IN.
Drug Conjugation. DAVLBHYD (9) was generously provided by G.
J. Cullinan (Lilly Research Laboratories). Antibodies were conjugated
to DAVLBHYD by using techniques detailed elsewhere.3 Briefly, anti
body was concentrated to approximately 10 mg/ml by vacuum dialysis
in PBS and subsequently dialyzed against 0. l M sodium acetate buffer,
pH 5.6. Treatment of this solution near 0Â°Cwith 160 mM sodium
metaperiodate resulted in oxidized antibody which was purified by
Sephadex-G25 chromatography in 0.1 M sodium acetate buffer, pH
5.6. This material was coupled with 4-desacetylvinblastine-3-carboxyhydrazide (5 mM, at 4Â°Cfor 24 h) and purified by Sephadex G-25
chromatography in PBS, pH 7.4.
Cell Lines. P3/UCLA (lung adenocarcinoma) (10) and M21 (mela
noma) (11) lines were kindly provided by Dr. T. Bumol (Lilly Research
Laboratories), and were maintained in DMEM supplemented with 10%
FCS plus 50 /ig/ml gentamicin. The American Type Culture Collection
(Rockville, MD) lines 5637 (squamous bladder carcinoma), FaDu
(squamous pharyngeal carcinoma), ME 180 (squamous cervical carci
noma), Du 145 (prostate carcinoma), HT29 (colon adenocarcinoma),
WiDr (colon adenocarcinoma), and PC3 (prostate adenocarcinoma)
lines were maintained as recommended by the American Type Culture
Collection. T222 (lung squamous carcinoma) (12) was maintained in
DMEM plus 10% FCS plus 50 Â¿ig/mlgentamicin and was adapted to
roller bottles for use in nude mouse xenograft studies.
Membrane Fluorescence. Target cells were suspended with trypsinEDTA (Gibco, Grand Island, NY) and incubated with antibody diluted
in DMEM plus 10% FCS on ice for 45 min. They were then washed
twice with medium and incubated for an additional 45 min with
fluorescein-labeled goat F(ab')2 anti-mouse IgG (Tago, Burlingame,
CA) at 20 Mg/ml medium. After additional washes, the cells were either
examined immediately by UV microscopy or fixed with 1% formalin
in PBS and examined with an EPICS/Coulter Mark IV cell analyzer.
Chromatography. Aggregate formation was evaluated using a Supe
rÃ³se12 HR10/30 gel filtration column (Pharmacia) and a Pharmacia
fast protein liquid chromatography system (13). Samples were applied
in 0.3 ml 0.1 M Trizma buffer, pH 8.0, plus 0.1 M NaCI and eluted in
the same buffer at 0.5 ml/min.
Nude Mouse Xenografts. Outbred nude mice, obtained from Charles
River Breeding Laboratories (Boston, MA), were maintained in sterile
laminar air flow facilities and were provided sterile water and sterile
3 B. C. Laguzza et al., manuscript in preparation.

medium; PCS, fetal calf serum.
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Fig. 3. PFI/D-DAVLBHYD suppression of T222 nude mouse xenografts. Tumor cells (1 x 10")were injected s.c. in (he flank on day 0 and the mice were treated
as indicated on days 3, 6, and 9. Tumor masses were estimated at 1, 2, and 3 weeks postimplantation. I. PFI/D-DAVLBHYD drug conjugate. Student's i test
analysis of the data indicated that the 2-mg/kg and 0.5-mg/kg dose groups were significantly smaller than the PBS diluent controls at all time points [2 mg/kg: (/' <
0.01 ); 0.5 mg/kg (/' < 0.05)]. Other groups did not show statistically significant differences. /(. non-tumor-binding Ig-DAVLBHYD conjugate control. The differences
in tumor mass relative to the control group were not statistically significant. C, free PF1/D monoclonal antibody. Doses of free antibody equivalent to the protein
content of the immunoconjugale doses depicted in I were administered. The high dose group (75 mg/kg) was significantly smaller than the saline controls at the 1week measurement only (/' â€¢0.05). Other groups and other time points did not show significant differences. D, PBS diluent control growth. Estimated tumor masses
of the control group are indicated.

DAVLBHYD conjugate given in an identical protocol showed
insignificant tumor suppression at all dose levels (Fig. 3B),
demonstrating the antigen-dependent nature of the PF1/DDAVLBHYD effect. Free PF1/D antibody given at a protein
dose equivalent to the protein in the conjugate-treated animals
showed significant tumor suppression in the 75-mg/kg dose at
the time of the first measurement (Fig. 3C). This effect was
reduced to insignificant levels by the time of the second and
third measurements, in clear contrast to the effects seen with
the conjugate. One group of animals (not plotted) received free
DAVLBHYD at 2 mg/kg which resulted in tumor suppression
insignificantly different from controls (â€”15%at 3 weeks postimplantation). Note that during the course of this experiment
the tumors in the diluent control groups ranged up to approx
imately l g (Fig. 3D).
DISCUSSION
These studies support the feasibility of using monoclonal
antibodies to target drugs to tumors. The squamous carcinoma-

reactive antibody PF1/D was successfully conjugated to the
Vinca derivative DAVLBHYD, with good yield. More impor
tantly, the PFI/D-DAVLBHYD
conjugate was able to elimi
nate 3-day-established human tumor xenografts by using a
three-dose protocol. It is noteworthy that the mice which were
tumor free at the 3-week time point remained tumor free for
an additional 5-week period, at which point the experiment was
terminated.
The PFI/D-DAVLBHYD
tumor-suppressive
effect was
clearly antigen mediated, since treatment with a non-tumorbinding IgG-DAVLBHYD control conjugate was ineffective at
suppressing tumor growth. The role of the drug moiety of the
conjugate was demonstrated by the lack of prolonged activity
of unconjugated PF1/D. In the experiments described here,
free DAVLBHYD at 2 mg/kg produced no significant tumor
suppression. In other experiments we have observed variable
effects with this dose of free drug, with tumor suppression
ranging up to 40%. Such effects are associated with toxicity,
which has not been observed with PF1/D-DAVLBHYD
con
jugates. Free DAVLBHYD at 1 or 0.5 mg/kg has no suppres-
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sive effect in this model,4 unlike PF1/D-DAVLBHYD

conju

gates at identical dose levels.
The IgG-DAVLBHYD control conjugate used in these stud
ies was of the IgG 1 isotype. Its primary purpose was to control
for effects of altered drug biodistribution as opposed to con
trolling for isotype-dependent effects such as complement fix
ation and antibody-dependent cellular cytotoxicity. Note that
free antibody had minimal antitumor activity and therefore
probably did not participate in such reactions. Nevertheless, it
could perhaps be argued that an lgG3 control conjugate would
have more closely matched the PF1/D antibody. Unfortunately,
this could not be accomplished. There are few non-tumorbinding IgG3 control antibodies available in the quantities
necessary to carry out studies such as these. Of those we have
evaluated to date, poor solubility has led to low yields with
significant levels of aggregation.4 This profile is in contrast to
what we observe with PF1 /D conjugates, and such a preparation
might be expected to have an altered biodistribution relative to
the active conjugate. In contrast, the IgGl used here conjugates
in much the same manner as PF1/D, resulting in similar
molecular profiles. Also, the tumor reactivity profiles of the
IgGl and an IgG3 myeloma protein are identical (Fig. 1).
Together this information leads us to be comfortable in using
the data generated with an IgGl-DAVLBHYD control to sup
port our conclusions.
The ineffectiveness of free antibody may seem to be in con
trast to the suggestion by Fernsten et al. (8) that PF l/D
mediates antibody-dependent cellular cytotoxicity. It should be
noted, however, that the present studies were carried out in
irradiated nude mice, which represent severely immunodepressed hosts. Antibody-dependent cell-mediated cytotoxicity
may not have been possible under these conditions. Participa
tion of the PF1/D-DAVLBHYD
conjugate in antibody-de
pendent cell-mediated cytotoxicity or other cytolytic mecha
nisms may be a welcome addition in a clinical setting where a
functional immune response remains. On the other hand, it is
conceivable that modification of antibody by drug conjugation
will mask sites important for interaction with effector mecha
nisms, thereby reducing their impact.
Identification of an antigen-positive human tumor which
grows well as a nude mouse xenograft was important to the
successful completion of these studies. Cell surface fluorescence
studies confirmed the preferential reactivity of PFI/D with
squamous carcinoma-derived cell lines (8). The only exception
noted was the cell line Du 145, which has been described as
"epithelial-like" (15) and may be of similar histolÃ³gica! origin.
The antigen-positive cell lines were tested for their ability to
grow as nude mouse xenografts. The most strongly reactive
line, 5637 (data not shown), failed to grow as a xenograft. The
lines which did grow well as xenografts (T222 and FaDu)
showed considerable heterogeneity in reactivity with the anti
body, resulting in broad cell analyzer peaks. This is suggestive
that the PFI/D antigen is expressed by individual cells in a
cyclic fashion. Nevertheless, xenografts of T222 were success
fully inhibited with short term PF1/D-DAVLBHYD conjugate
treatments. This leads us to two speculations. One is that the
PFI/D antigen may be expressed more consistently in vivo, or
may be cycled on and off the cell surface rapidly enough to
allow all cells to interact with antibody. Alternatively, active
Vinca moieties may be released within the tumor mass, affecting
neighboring cells with low antigen copy number on their sur
faces. The latter possibility seems especially encouraging, since

it would open the door to treatment of naturally occurring
tumors showing antigenic heterogeneity. Efforts to detail more
fully the fate of the PF1/D-DAVLBHYD conjugate within the
tumor mass are under way.
Successful therapy with immunoconjugates will require that
a number of critical criteria can be met. Among them is the
retention of antibody-binding capacity postconjugation. The
methods used here result in linkage of the vinblastine derivative
via the carbohydrate side chains of the antibody.3 It has been
our experience that this results in little or no reduction in
immunoreactivity and is therefore presumed to be contaminated
with little denatured protein. SuperÃ³se 12 chromatography
confirmed that the preparation was largely aggregate free. The
importance of the latter point may increase as we learn more
about the role of host anti-mouse immune responses in immunoconjugate recipients. Certainly it has been demonstrated in
animal models that the presence of denatured protein aggre
gates can greatly increase immunogenicity (16, 17) and presum
ably result in more rapid clearance. The ability to generate
immunoconjugate preparations with minimal aggregation may,
therefore, prove to be significant.
DAVLBHYD has been shown to have efficacy as a conjugate
of the antibody KS1/4.5 Similar results were obtained by using
the antibodies Ll/KS, L2/KS, and L4/KS, which also define
epitopes on the KS1/4 antigen.6 We are in agreement that with
appropriate antibody selection, this chemistry can result in
excellent retention of drug activity and antigen-binding capac
ity. The studies presented in this report demonstrate that the
immunoconjugate PF1/D-DAVLBHYD has good efficacy in a
relevant xenograft model. This, combined with the tumorselective nature of the PFI/D antibody (8), suggests that this
conjugate may warrant further investigation as a potential
therapeutic agent for the treatment of squamous cell carcinoma.
ACKNOWLEDGMENTS
The authors would like to acknowledge the excellent laboratory
assistance of Daniel V. Fix, Magda C. Gutowski, Philip Marder, and
Cynthia L. Nichols.

REFERENCES
1. 1985 Cancer Facts and Figures. New York: American Cancer Society, 1985.
2. Robbins, S. L., Cotran, R. S., and Kumar, V. Pathologic Basis of Disease,
Ed. 3, p. 751. Philadelphia: W. B. Saunders Co., 1984.
3. Franke!, A. E., Houston, L. L., Issell. B. F.. and Fathman, G. Prospects for
immunotoxin therapy in cancer. Annu. Rev. Med., 37: 125-142. 1986.
4. Reisfeld, R. A., and Cherish, D. A. Human tumor associated antigens for
monoclonal antibody mediated cancer therapy. Cancer Surv. 4: 271-290,
1985.
5. Ghose, T., Blair, A. II.. Vaughan. K., and Kulkarni, P. Antibody directed
drug targeting in cancer therapy. In: E. P. Goldberg (ed.). Targeted Drugs,
pp. 1-22. New York: J. Wiley & Sons, 1983.
6. Rowland, G. F., Axton, C. A.. Baldwin. R. W., Brown, J. P., Corvalan, J. R.
F., Embleton, M. J., Gore, V. A., Hellstrom, I., Hellstrom, K. E., Jacobs,
E., Marsden C. H., Pimm, M. V., Simmonds, R. G., and Smith W. Antitumor
properties of vindesine-monoclonal antibody conjugates. Cancer Immunol.
Immunother., 19: 1-7. 1985.
7. Bumol, T. F., Simmonds. R. G., Boder, G. B., Cullinan, G., Marder. P., and
Apelgren, L. Immunotherapy of human solid tumor xenografts with Vinca
alkaloid-monoclonal conjugates. J. Cell. Biochem. (Supp.)9/f: 54, 1985.
8. Fernsten, P. D., Pekny, K. W., Reisfeld, R. A., and Walker, L. E. Antigens
associated with human squamous cell lung carcinoma defined by murine
monoclonal antibodies. Cancer Res., 46: 2970-2977, 1986.
9. Conrad, R. A., Cullinan, G. J., Gerzon, K., and Poore, G. A. Structureactivity relationships of dimeric Catharanthus alkaloids. 2. Experimental
antitumor activities of A'-substituted deacetylvinblastine amide (vindesine)
sulfates. J. Med. Chem., 22: 391-400, 1979.
10. Varki, H. M., Reisfeld, R. A., and Walker, L. E. Antigens associated with a
*T. Bumol et al., manuscript in preparation.
6 J. Starling et al., manuscript in preparation.

' Unpublished observations.

3121

Downloaded from cancerres.aacrjournals.org on December 13, 2018. © 1987 American Association for Cancer
Research.

ANTITUMOR

ACTIVITY WITH VÃŒNCA
IMMUNOCONJUGATES

human lung adenocarcinoma defined by monoclonal antibodies. Cancer Res.,
44:681-687. 1984.
11. Morton, D. L., Malmgren, R. A., Holmes, E. C, and Ketcham, A. S.
Demonstration of antibodies against human melanoma by immunofluoresSureerv 64' 233-240 1968
.'.
'. ,. .,
'
TO',
i rv Â»t;ir D o . r~
IM
i
12. Masui, H Kawamono T., Sato. J. D.. Wolf. B Sato, G., and Mendelsohn
J. Growth inhibition of human tumor cells in athymic mice by antiepidermal
growth factor receptor antibodies. Cancer Res., 44: 1002-1007, 1984.
13. Ackers, G. K. Analytical gel chromatography of proteins. Adv. Protein
Chem., 24: 343-446, 1970.
14. Geran, R. I., Greenberg, N. H., MacDonald, M. M., Schumacher, A. M. and

Abbot, B. J. Protocols for screening chemical agents and natural products
against animal tumors and other biological systems. Cancer Chemother.
Rep., J. 1-103, 1972.
IS- Mickey, D. D.. Stone, K. R.. Wunderli. H., Mickey, G. H.. Vollmer, R. T.,
and Paulson, D. F. Heterotransplantation of a human prestane adenocarcinoma cell line in nude mice. Cancer Res., 3 7:4049-4058, 1977.
w
and Habjc
immunological
â€žnresponsivenesson different cell populations. Transplant. Rev., 8: 3-25,
1972.
17. Habicht, G. S., Chiller, J. M., and Weigle, W. O. Termination of acquired
and natural immunological tolerance with specific complexes. J. Exp. Med.,
142: 312-320, 1975.

3122

Downloaded from cancerres.aacrjournals.org on December 13, 2018. © 1987 American Association for Cancer
Research.

Antitumor Xenograft Activity with a Conjugate of a Vinca
Derivative and the Squamous Carcinoma-reactive Monoclonal
Antibody PF1/D
David A. Johnson and Bennett C. Laguzza
Cancer Res 1987;47:3118-3122.

Updated version

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/47/12/3118

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/47/12/3118.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on December 13, 2018. © 1987 American Association for Cancer
Research.

