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ABSTRACT

INTRODUCTION
The human EGF1 receptor, a M, 170,000 transmembrane
glycoprotein, was identified as the product of the protooncogene
c-erbB(\-4).
The amplification and relative level of expression of the EGF
receptor gene were determined in surgically resected fresh tu
mors of various origins by DNA hybridization and EGF binding
studies. We found that the EGF receptor gene was amplified
and overexpressed in squamous cell carcinomas of esophagus
and lung (5, 6). Furthermore, the increase in expression level
of the EGF receptor gene was suggested to be associated with
the proliferation of these squamous cell carcinomas (7). More
over, the patients with a high EGF receptor level and EGF
receptor gene amplification died from recurrence of the cancer
within several months after radical surgery (8).
The ideal features of a target for the targeting therapy include
its absence in blood, high specificity to cancerous tissues, and
presence in cell membranes. Since EGF receptors in squamous
cell carcinomas fulfill these conditions, we have developed a
new strategy using an immunotoxin prepared by conjugating
gelonin with the monoclonal antibody B4G7 (9). B4G7 prefer
entially binds to human EGF receptors of the low-affinity class,
which are found on many receptor-hyperproducing cancerous
tissues (10). When B4G7 binds to an EGF receptor on the cell
surface, a significant amount of antibody-receptor complex is

MATERIALS

AND METHODS

Mice. Six-wk-old female BALB/c mice and BALB/c (nu/nu) mice
were obtained from Sankyo Laboservice Co. (Tokyo, Japan).
Tumor Cells. Squamous carcinoma A431 cells established from hu
man squamous cell carcinoma of the vulva were obtained from Dr. S.
Cohen. Human small cell lung cancer H69 cells were obtained from
Dr. Y. Shimosato. A431 and H69 cells were grown as described
previously (9).
Chemicals. /V-Succinimidyl-3-(2-pyridyldithio)propionate
was pur
chased from Pharmacia (Sweden). Gelonin was purchased from Pierce
Chemical Co. (Rockford, IL). I25I-EGF was prepared with lodobeads
(Pierce) as described previously (18).
Monoclonal Antibody (B4G7). The production and characterization
of B4G7, a murine monoclonal IgG2a antibody, have been described
(10). Ascitic fluid was produced by injection of pristine-primed BALB/
c mice i.p. with 10*hybridoma cells. Total IgG was isolated from ascites
by affinity chromatography on Protein A-Sepharose CL-4B (Pharma
cia).
Preparation of B4G7-Gelonin Conjugate. Gelonin was conjugated to
B4G7 by the procedure described previously (9, 16). Briefly, dithiopyridyl groups were incorporated into B4G7 by treatment with a 10-fold
molar excess of Ar-succinimidyl-3-(2-pyridyldithio)propionate. SulfhyReceived 4/4/89; revised 7/27/89; accepted 9/13/89.
The costs of publication of this article were defrayed in part by the payment
dryl groups were incorporated into gelonin by treatment with 2-imiof page charges. This article must therefore be hereby marked advertisement in
nothiolane. Modified B4G7 was mixed with an approximately equiaccordance with 18 I'.S.C. Section 1734 solely to indicate this fact.
1This work was supported by a Grant-in-Aid from the Ministry of Education.
molar amount of modified gelonin. The reaction was stopped by the
addition of iodoacetamide and dialyzed against 5 m\i sodium phosphate
Science, and Culture. Japan.
2 To whom requests for reprints should be addressed, at Molecular Biology.
buffer. pH 6.5, containing 35 ITIMNaCI. The solution was applied to a
Keio University School of Medicine. 35 .Shinanomachi. Shinjuku-ku. Tokyo 160.
column of CM-cellulose (CM-52; Whatman) equilibrated with the same
Japan.
3The abbreviations used are: EGF. epidermal growth factor; PBS. phosphatebuffer. The column was extensively washed with the solution used to
buffered saline.
equilibrate the column. Nonconjugated B4G7 was eluted from the
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An immunotoxin was made by conjugating a murine monoclonal anti
body (B4G7) that recognizes the human epidermal growth factor (EGF)
receptor with gelonin, a ribosome-inactivating protein. This B4G7-gelonin
conjugate was shown to be specifically cytotoxic for EGF receptorhyperproducing cells. The conjugate was tested in nude mice and shown
to be capable of suppressing the growth of an I <.I receptor-hyperproducing squamous carcinoma cell (A431) solid tumor. Nude mice bearing
an A431 cell tumor that were given injections i.p. for 5 consecutive days
with at least 10 ng of the conjugate showed significant suppression of
tumor growth for about 7 days. On the other hand, an unconjugated
mixture of B4G7 and gelonin showed no specific antitumor activity
against the A431 cell tumor. The growth of an 1 (.1 receptor-deficient
small cell lung cancer cell (1169) tumor was not suppressed by injection
of the conjugate. No toxic effects were observed in histolÃ³gica!exami
nation of nontumorous tissues of mice treated with at least 250 Â¿igof
conjugate per mouse. These results suggest that the conjugate may be
useful for targeting therapy to EGF receptor-hyperproducing squamous
carcinoma.

internalized through the formation of an endocytic vesicle (11,
12). Gelonin, which is extracted from Gelonium multiflorum,
is a 60S ribosome-inactivating glycoprotein with a molecular
weight of 30,000 that inhibits protein synthesis (13-15). Ge
lonin has many advantages over the ricin, abrin, and diphtheria
toxin A chains. It is stable to biochemical and physical treat
ment and is as potent as ricin A chain in a cell-free rabbit
reticulocyte system (16). Gelonin conjugate is nontoxic up to 2
mg (total dose) per mouse (17).
We have previously examined the cytotoxic effect of the
B4G7-gelonin conjugate in cell culture (9). The conjugate killed
EGF receptor-hyperproducing
squamous carcinoma cells
(A431, N A, Ca9-22, TE5) and, to a lesser extent, human
fibroblasts (HFO). It did not kill EGF receptor-deficient small
cell lung cancer cells (H69) and mouse fibroblasts (Swiss/3T3).
An unconjugated mixture of B4G7 and gelonin did not have a
toxic effect. The number of EGF receptors on the cell surface
was correlated with the cytotoxic effect at 10 HM conjugate.
Nonspecific cell killing was not observed.
In this paper, we have investigated the antitumor effect of
the B4G7-gelonin conjugate injected i.p. into nude mice bearing
human squamous cell carcinoma, and we have predicted that a
new immunotherapy targeted to cells overexpressing a specific
oncogene will be useful.

IMMl NOTOXIN FOR KfiF R1X KI'TOR

column. The conjugate was clutcd with a linear concentration gradient
of NaCI (from 35 to 300 imi) and was sterilized by filtration through
a 0.22-^m membrane (Millex-GV; Millipore Co., Bedford. MA). The
conjugate was stored at 4Â°Cuntil use.
Transplantation of A431 and H69 Cells into Nude Mice. A431 or
H69 cells were harvested, washed to remove fetal calf serum, and
resuspended in Dulbecco's modified Eagle's medium at a cell concen
tration of 5 x 10* cells per ml. Cells (107/site) were injected into the
subcutaneous tissues of nude mice. After injection, nude mice developed
solid tumors in at least 5 days for A43I cells or 10 days for H69 cells.
Treatment of Tumor with Conjugate or Mixture. After the transplan
tation of A431 or H69 cells into the subcutaneous tissues of nude mice,
the conjugate or an unconjugatcd mixture of B4G7 and gelonin in PBS
was injected i.p. This treatment was repeated for 5 consecutive days.
Tumor Weight. During the time course of tumor growth, tumor
weight was determined by measuring the major and the minor axes of
the tumor which are perpendicular. Tumor weight was calculated by
the formula W'(mg) = 0.5 x LS2. where L is the major axis (mm), and

described previously (5). EGF binding was expressed as a percentage
of 12Ã•I-EGFbound on the tissues per mg of protein.
Protein Concentration. The determination of protein concentration
was performed by the method of Lowry et al. (19) using bovine serum
albumin as a standard.

RESULTS
In Vitro Effect of Conjugate. The in vitro cytotoxicity of the
B4G7-gelonin conjugate to the EGF receptor-hyperproducing
A431 cells was tested by measuring cell survival as described
(9). The toxic effect of the conjugate was shown to be dose
dependent. The conjugate caused 50% cell death at 0.3 /ug/ml
and 90% cell death at 3 ng/ml. Gelonin alone at 50 ng/m\
caused no cytotoxicity to A431 cells. These results (data not
shown) were consistent with our previous observations (9).
In Vivo Effect of Conjugate. We examined suppression of
tumor by i.p. injection of various concentrations of conjugate
(Fig. 1). The logarithmic increase in tumor size began in PBStreated control mice about 7 days after injection of A431 cells.
However, this increase in tumor weight terminated on about
Day 25. When nude mice were given injections for 5 consecutive
days (Day 7 to Day 11) with 10 or 50 ÃŸgof conjugate per
injection, tumor growth was significantly suppressed for about
5.0-
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-

3.0-
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a week, followed by partial suppression. Injection with 1 /ug of
conjugate per injection caused only a slight tumor suppression.
The lower limit to effectively suppress tumor growth was about
50 ÃŸgof accumulative dose per mouse. The unconjugated
mixture of B4G7 (50 fig) and gelonin (50 ÃŸg)did not suppress
tumor growth.
Tumors of A431 cells were removed from nude mice 8 days
after the final i.p. injection of the conjugate or the unconjugated
mixture of B4G7 and gelonin. The actual value of tumor weight
was measured (Table 1). The conjugate at 1, 10, or 50 ÃŸgper
injection suppressed tumor growth by 17, 87, or 88%, respec
tively. However, the mixture of 50 ÃŸgof B4G7 and 50 jug of
gelonin did not suppress tumor growth. These results showed
a good correlation with the calculated values obtained in Fig.
1.
The suppression of A431 cell tumor growth depends on not
only the dose administered, but also the time of the initial
injection of the conjugate. This time dependence was investi
gated by injecting 10 ÃŸg
of conjugate i.p. for 5 consecutive days
into nude mice with various tumor sizes (data not shown).
When the initial injection was carried out in nude mice whose
tumors weigh up to 100 mg, tumor growth was significantly
suppressed. For tumors weighing from 100 to 300 mg, tumor
growth was significantly suppressed for about a week and then
partially suppressed. In the case of tumor weight exceeding 300
mg, the growth rate was suppressed but the tumor continued to
grow. The antitumor activity decreased with increased tumor
weight at the time of the initial injection. This may be due to
reduced access of the conjugate through blood vessels to a large
solid tumor mass.
The results described above indicated that the conjugate can
suppress the growth of A431 cell tumors. However, tumor
suppression may have selected fora mutation in the tumor cells
that decreased EGF binding. To test this possibility, the EGF
binding capacity of tumor was measured on 19 days after
injection of A431 cells. The EGF binding capacity of conjugatetreated tumors was not significantly different from that of PBStreated tumors (33 and 36% of input/mg of protein, respec
tively). This result indicates that EGF receptor-hyperproducing
cells maintain their high level of EGF binding despite suppres
sion of tumor growth.
Specific Antitumor Effect of Conjugate. The cytotoxic effect
of the conjugate was not observed in human EGF receptordeficient H69 cells that grow as a suspension culture (9). We
tested the antitumor effect of the conjugate in nude mice bearing
a solid tumor of H69 cells. A431 cell tumors and H69 cell
tumors were formed in subcutaneous tissues on the right flank
and left flank of nude mice, respectively. A431 cells are more
tumorigenic than H69 cells. Nude mice were injected i.p. for 5
consecutive days with 10 ng of conjugate (Fig. 2, right) or PBS
Table 1 Antitumor effect of the B4G7-f;elonin conjugate
(g)2.61
wt
TreatmentPBSC'onjugateConjugateC'onjugateMixtureDose/injection"1
Â±0.22*<l.00)c2.16
Mg10

7
t

t

4

10
4 4

15

20

fig50

(Days)

Fig. 1. Antitumor effect of the B4G7-gclonin conjugate or the nonconjugated
mixture of B4G7 and gelonin. Nude mice were given injections of IO7A431 cells
i.p. on Day 0 and on Days 7. 8. 9. 10. and 11 (indicated with arrows) with 200 fil
of PBS alone (O). with 1 fig (A). 10 fig (â€¢).and 50 fig (A) of conjugate in 200 /jl
of PBS. or with a mixture of 50 fig of B4G7 and 50 Mgof gelonin (D) in 200 fil
of PBS. The ordinate represents the calculated tumor weight by H (mg) = 0.5 x
LS2. Values of tumor weight are means from PBS-trcated mice (n = 5). I-fig
conjugate-treated mice (n = 4), 10-fig conjugate-treated mice (n = 8). 50-fig
conjugate-treated mice (n = 3). and mixture-treated mice (n = 4). Bars, SE.
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fig50
fig of B4G7 +
50 fig of geloninTumor

(0.83)0.35
Â±0.62
(0.13)''0.32
+ 0.2.1
(0.12)'2.62
Â±0.11
Â±0.73 ( 1.00)

" Injection was repeated for 5 consecutive days.
* Mean Â±SE of tumor weight excised 19 days after transplant.
' Numbers in parentheses,
J PBS versus 10 fig of conjugate. P < 0.01.
' PBS versus 50 fig of conjugate, P< 0.01.

Downloaded from http://aacrjournals.org/cancerres/article-pdf/2437594/cr04924p17106.pdf by guest on 04 December 2022

S is the minor axis (mm).
EGK Binding Assay. A431 cell tumors were removed from nude mice
and frozen at -80Â°C until use. The EOF binding assay has been
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Table 2 Effect of the B4G7-gelonin conjugate on tissue weight
Nude mice treated for 5 consecutive days with 10 ng of conjugate or PBS were
sacrificed 19 days after injection with A431 cells. The weight of the tissues was
determined.
TissueHeart

treatment
(10days)0.22
ng for 5
Â±0.02Â°
Kidney
0.51 Â±0.04
Liver
2.1 Â±0.2
Lung
0.33 Â±0.03
Both spleens
0.29 Â±0.08
0.35 Â±0.23PBS
0.73"A431 cell tumorWt(g)Conjugate
Mean Â±SE from 4 mice.

Fig. 2. Effect of the conjugate on A431 and H69 cell tumor growth. Mice
were given s.c. injections of IO7 H69 cells on the left flank on Day 0. After 5
days, mice were given s.c. injections of IO' A431 cells on the right flank. Mice
were treated on Days 16. 17. 18. 19. and 20 i.p. with 10 jjg of conjugate in 200
. I of PBS (right) or 200 ; I of PBS alone (left). The photograph was taken on
Day 29.

(Fig. 2, left). The photograph shows that tumor growth of A431
cells is significantly suppressed by conjugate, while H69 cell
tumor growth does not respond.
In order to determine the antitumor activity of the conjugate
on H69 cell tumors quantitatively, we examined the weight of
the A431 cell and H69 cell tumors over time. In PBS-treated
control mice (n = 3), A431 cell tumors grew rapidly, and H69
cell tumors grew at a nearly linear rate, starting at about 10
days after injection (Fig. 3). On the other hand, in 10-^g
conjugate-treated mice (n = 3), A431 tumor growth was com
pletely suppressed for several days (Fig. 3/4), while H69 cell
tumors grew at the same rate as in untreated control mice (Fig.
3fi). H69 cell tumors weighed 0.74 Â±0.39 g (mean Â±SE) in
control mice and 0.66 Â±0.35 g (mean Â±SE) in conjugatetreated mice 8 days after the final injection. Ten ng of conjugate
significantly suppressed A431 cell tumor growth, as seen in
Fig. 2. However, H69 cell tumors had the same growth rate
and weight regardless of treatment. Thus, the conjugate was
specifically toxic to tumors that overexpress the EGF receptor,
but was nontoxic to tumors that are EGF receptor deficient.
The possibility that cells may have been exchanged between
A431 cell tumors and H69 cell tumors in the conjugate-treated
or untreated mouse was ruled out by measuring their EGF
binding capacity (data not shown).
Histology. In order to examine the effect of the conjugate on
the various tissues, hearts, kidneys, livers, lungs, and spleens

treatment0.20
0.49
2.0
0.30
0.25
2.6

Â±0.02
Â±0.04
Â±0.1
Â±0.04
Â±0.02
Â±

were removed, weighed, and stained with hematoxylin-eosin.
No difference in tissue weight between control mice and 50-ng
conjugate-treated mice was observed (Table 2). Moreover, in a
histological experiment, no toxic influence was found in any of
the tissues from the 50-^g conjugate-treated mice (data not
shown). These results indicated that the conjugate is specifically
toxic to A431 cell tumors but not to normal tissue.
DISCUSSION
We have demonstrated that a conjugate formed by covalently
linking gelonin to a monoclonal anti-EGF receptor antibody
(B4G7) has a significant antitumor activity against EGF receptor-hyperproducing A431 cell tumors but no antitumor activity
against EGF receptor-deficient H69 cell tumors in nude mice.
An unconjugated mixture of B4G7 and gelonin had no effect
on A431 cell tumor growth. This selectivity is due to the high
affinity of B4G7 for the EGF receptor (10) and the lack of
toxicity of gelonin to intact cells. The conjugate demonstrated
a high antitumor activity and selectivity as predicted in the in
vitro system (9).
A remarkable inhibitory activity against A431 cell solid tu
mors in nude mice was observed during the period of treatment
with the conjugate via vessels. This fact is very important when
considering a possible application to clinical cases. However,
after cessation of treatment, the inhibitory effect became grad
ually reduced. This may reflect a reduction in concentration of
the conjugate at A431 cell tumor sites. The B4G7 antibody
accumulated at A431 cell tumor sites, but not in other tissues,
such as liver, lung, and spleen as determined from localization
of injected '-1-B4G7 into a nude mouse.4 Thus, the conjugate
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Fig. 3. Effect of the conjugate on A43I cell tumors or H69 cell tumors. In A.
the weight of A43I cell tumors was examined Â¡nPBS-treated mice (n = 3) (O)
and 10-(<gconjugate-treated mice (n = 3) (â€¢).In B. the weight of H69 cell tumors
was examined Â¡nPBS-treated mice (n = 3) (O) and 10-ng conjugate-treated mice
(n = 3) (â€¢).fioÂ«. SE.
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using human cancer cells as target antigens. In some of these
reports, immunotoxins showed unsatisfactory antitumor activ
ity. The poor potency is probably due to the low efficiency of
targeting cancer tissues in an animal. An immunotoxin made
from a monoclonal antibody to the transferrin receptor on a
human ovarian cancer cell surface was accumulated in not only
cancer tissues, but a number of normal tissues (20).
In this study, we used an antibody against overexpressed
oncogene products to target the toxin to cancer cells. The
carcinogenesis of squamous cells in esophagus or lung was
correlated with the amplification and overexpression of the cerbE protooncogene (5). This finding indicated that the c-erbB
protein, the EGF receptor, could serve as a target antigen to
detect cancer cells for immunotherapy. We investigated this
possibility in nude mice bearing A431 cell tumors which overexpress c-erbB protooncogene or H69 cell tumors which do not
express c-erbB by using a conjugate composed of an anti-EGF
receptor antibody (B4G7) and gelonin. The B4G7 antibodybinds only to the human EGF receptor and not to the mouse
receptor, but EGF receptors widely distribute in normal human
tissues. Thus, the therapeutic usefulness of this reagent in
humans might be limited. However, B4G7 antibody preferen
tially binds to the EGF receptor of low-affinity type (10), which
is abundant in the EGF receptor-hyperproducing cancer tissues.
The receptor of high-affinity type was found mainly on normal
tissues. This fact suggests that the accumulation of the conju
gate in normal human tissues may be insignificant. We are now
in the process of making temperature-sensitive liposomes which
contain the conjugate. This liposomal conjugate coupled with
hyperthermia will facilitate the accumulation of the conjugates
in tumors and aid in reducing side effects. Taking these into

consideration,
cally useful.

the conjugate can be expected to be therapeuti-
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probably also accumulates at A431 cell tumor sites. It has been
reported that other antibody-gelonin conjugates accumulate in
the liver and other tissues of the mouse through a nonspecific
mechanism (20). The difference of tumor-specific accumulation
must be dependent on the target. As EGF receptor localizes
only in the cell plasma membrane but not in blood, the B4G7gelonin conjugate would not make immune complex and hence
would not accumulate in liver, spleen, and lung. Therefore, the
reduction of antitumor action is most likely due to the con
sumption of conjugate that occurred by killing tumor cells.
There is now a large body of data indicating that the disulfide
bond in immunoconjugates is unstable in vivo. However, what
ever the breakdown of the conjugate may have occurred is
unimportant compared with the amount of intact conjugate
localizing in the tumor.
After tumor-bearing nude mice were treated 5 times with the
conjugate (50 Â¿<g)
during 5 days, we examined the weight and
the histology of various tissues including heart, kidney, liver,
lung, and spleen by staining with hematoxylin-eosin. No differ
ences were observed between conjugate-treated mice and PBStreated control mice. Thus, the dose administered had no un
desirable effects on mice. However, the tolerance dose has not
yet been determined.
There are only a few reports about the antitumor effect on
solid tumors of immunotoxins containing toxins such as gelonin (21) and Pseudomonas exotoxin (20) in animal models.
Monoclonal antibodies conjugated to toxins were prepared by-
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