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Efficacy and Specificity of a Monoclonal Antibody-Drug Conjugate in

Chemotherapy by Intratumoral Injection
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The murine monoclonal antibody (Mab) A7 conjugated to neocarzinostatin (A7-NCS) was injected
intratumorally (IT) into tumor bearing nude mice. Its pharmacokinetics and tumoricidal effects were
compared in the high, moderate and low antigen expressing xenograft for SW1116, WiDr and KB
tumor-bearing nude mice, respectively. When injected IT into nude mice, ['"*I]A7-NCS was retained
‘in the tumors according to the degree of antigen expression; it was also disseminated into the blood
inverse proportion fo the antigen expression. Addition of an excess amount of Mab A7 reduced [**I]-
A7-NCS accumulation in SW1116 xenograft and elevated the ['*I]JA7-NCS concentration in the
circulation. Complete tumor reduction was found in all 5 mice with SW1116 tumor, and 2 of 5 mice
with WiDr tumor. However, only incomplete tumor suppression was observed in mice with the KB
tumor. The significant tumor reduction in SW1116 bearing nude mice was attenuated when excess of
Mab A7 was simultaneously administered with A7-NCS. These findings indicate that A7-NCS was
localized in the target tumors and exerted its tumoricidal effects depending on the degree of
antigen-antibody interaction when administered IT. Thus, A7-NCS can be used successfully in vivo

for local therapy, auguring new and promising applications for local cancer therapy.
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The use of antibodies as carriers of pharmacologic
agents has become more practical since the advent of
monoclonal antibody technology; several studies have
demonstrated the potential clinical use of immunocon-
jugates.” To date, the focus of in vivo studies has been
on IV? administration, because the bloodstream allows
access to almost all the organs of the body. However, this
route of administration is inefficient and delivers, at
most, only several percent of the injected dose per gram
of tumor.*'® This prompted us to try immunoconjugate
delivery by IT injection, which is thought to increase
vastly the amount of immunoconjugate localized in the
tumor. The present study was undertaken to examine
experimentally the effectiveness in vive of conjugates
administered IT.

MATERIALS AND METHODS

Preparation of A7-NCS The Mab A7 recognizes a 43 kD
glycoprotein on the cell surface’” and reacts strongly
with human colorectal adenocarcinomas,'” pancreatic
adenocarcinomas’ and breast carcinomas. Mab A7,

' To whom reprint requests should be addressed.

* Abbreviations used in this paper: IV, intravenous(ly);
IT, intratumeoral{ly); Mab A7, the murine monoclonal anti-
bady A7; NCS, neocarzinostatin; A7-NCS, the monoclonal anti-
body A7-neocarzinostatin conjugate; PBS, phosphate-buffered
saline.

- 121 without releasing the conjugated NCS molecules.
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which is an IgG, subtype,'” was conjugated to two

molecules of the anticancer polypeptide neocarzinostatin

by disulfide linkage, as described in a previous report.'

A7-NCS retains antigen-binding activity, and has potent
cytotoxicity in vitro and potent tumoricidal effects in

vivo."® The disulfide linkage between Mab A7 and NCS

was sufficiently stable to allow the conjugate to reach the

target organ in vivo, and the conjugate showed a similar

pharmacokinetic profile to Mab A7.'®

Radiolabeling A7-NCS was radiolabeled with I by

chloramine T,'” to a specific activity of 2.5 X 10° cpm/ug

of protein. A7-NCS is known to be radiolabeled wifg ,
['*I]A7-NCS binds well to the human colon cancer cell
line SW1116, which expresses a 45 kD glycoprotein on its
celi surface.

Antigen expression The human squamous cell carcinoma
cell line KB, and human colon cancer cell lines SW1116
and WiDr were used throughout these experiments.
["®1]JA7-NCS (5% 10* cpm) was incubated with 10° cells
from each cell line for 1 h at 37°C, with or without 10 ug
of Mab A7. Cells were washed with PBS three times and
centrifuged at 1500 rpm. After centrifugation, the super-
natant was discarded and the cell pellets were put into a
gamma tube. The radioactivity in the pelleis was mea-
sured by a gamma counter, and is expressed in cpm per
cell pellet.

Tumor localization in IV injection Cells (52X 10%) were
inoculated subcutaneously into the backs of nude mice
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(Balb/c, nu/nu). Two weeks later, the mice developed
palpable tumors weighing between 0.15 g and 0.25 g.
["*I]A7-NCS (10° cpm) was administered IV to five
mice with or without simultaneous injection of non-
labeled Mab A7 (1 mg per mouse). Twenty-four h after
[***I]A7-NCS injection, the mice were killed for tumor
resection. For comparison of conjugate accumulation in
each tumor, resected tumors were weighed and subjected
to gamma counting.

IT injection of ["I]JA7-NCS for pharmacokinetics
[PI]A7-NCS (10° cpm) was injected IT into various
antigen-expressing xenografi-bearing nude mice. Mice
were killed at 1, 6, 12, 24, 48 and 72 h after ["*I]A7-NCS
injection. Tumors and blood were collected and weighed,
and their radicactivities were counted in a gamma
counter.

In a separate experiment, ['*I]A7-NCS (5% 10° cpm)

was administered IT to SW1116-bearing mice with or
without IT injection of Mab A7 (1 mg per mouse). Blood
samples in both groups were taken from the tail vein with
capillary tubes at various time points, and the radioactiv-
ity was measured in a gamma counter. Mice were killed
6 h after the IT injection of [*I]A7-NCS, and the tumor
was resected. Tumor and blood [I]A7-NCS content
was determined as the mean percentage of the injected
dose per gram of organs, and compared between the two
groups.
IT injection of A7-NCS for therapy Prior to this exper-
iment, the sensitivity of cell lines to NCS was examined
by *H-thymidine incorporation assay. Based on the
results, the therapeutic study was begun when the mice
developed palpable tumors ranging from 15 to 20 mm’.
A7-NCS equivalent to 10 units of NCS, 10 units of NCS,
and saline, each in a 10 ¢l volume, were injected IV or IT
into five mice of each group twice a week for two weeks.
Ten weeks after the initiation of treatment, the effects
of the preparations on tumor growth were evaluated.
Evaluation was based upon the ratio of complete tumor
reduction. Complete reduction was defined as tumor dis-
appearance and no recurrence.

In a separate experiment, I mg of Mab A7, which can
significantly inhibit the in vivo tumor accumulation of
['*I]1A7-NCS, was administered simultaneously with the
A7-NCS in SW1116-bearing nude mice. Tumor reduc-
tion in this group was compared with that in the group
not given an excess of Mab A7. :

RESULTS

Antigen expression The antigen expression of each cell
line was examined by radioimmunoassay using ['*I]-
AT-NCS. ["*I]A7-NCS bound well to SW1116 cells,
moderately well to WiDr cells and poorly to KB cells.
['"PIJA7-NCS in the presence of an excess amount of
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Mab A7 showed low binding to all cell lines. The result
is in accord with the observations in a previous report.'”
Thus, the A7-NCS immunoreactivity to each cell line can
be summarized as follows: SW1116>WiDr >KB (Fig.
1A). There was no significant difference of sensitivity of
these three cell lines to NCS (data not shown).
AT7-NCS accumulation to various xenografts by IV injec-
tion When administered IV, ['*1]A7-NCS accumulated
in the target tumor depending on the degree of antigen
expression (Fig. 1B). When administered with an excess
of Mab A7, ["I]A7-NCS accumulated in the target
tumor to a lesser degree than when administered without
Mab A7. There were no differences in ['“I]A7-NCS
localization between the three tumors when ['*I1A7-
NCS was injected simultaneously with an excess of Mab
AT

Tumor and blood clearance of IT injected A7-NCS
Tumor clearance of IT injected ['*I]A7-NCS was com-
pared between the SW1116, WiDr and KB xenografts.
The conjugate concentration was high in the SW1116
xenografts, moderate in the WiDr xenografts and low in
the KB xenografts (Fig. 2). The area under the concen-
tration curve (AUC) was calculated by a computerized
mathematical method.'® Tumor AUCs were 4180, 2478
and 1697 (% 1D/g of tumor) in SW1116, WiDr and KB
xenografts, respectively (Table I). Blood clearance of IT
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Fig. 1. Antigen expression and localization of ["I]A7-NCS
in cancer cell lines. (A) A7-NCS labeled with '*I (5 10* cpm)
was added to 10° cells from each cancer cell line, with (ZZ29) or
without (1) 10 ug of Mab A7. The cells were centrifuged
and washed with PBS. Radioactivity in the pellets was deter-
mined by a gamma counter. Data are expressed as cpm of
["*I]A7-NCS binding to the cells. Bars: £8E. (B) A7T-NCS
labeled with "1, with (ZZZ3) or without ((C__J) an excess of
Mab A7, was injected IV into tumor-bearing nude mice. The
mice were killed 24 h after injection, and the tumors were
resected for gamma counting. Data are expressed as the % TD
per gram of tumor. Bars: = SE.
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Fig. 2. Tumor clearance of ['"”I]A7-NCS after IT injection.
A7-NCS labeled with *T was injected IT into tumor-bearing
nude mice which were killed 1, 6, 12, 24, 48 and 72 h after the
injection. The tumors were resected for gamma counting. Data
are expressed as the % ID per gram of tumor. Bars: £ SE.

Table I. AUC Values in Blood and Tumors
SW1116 WiDr KB
Blood 225 411 1016
Tumor 4180 2478 1697

["*1|A7-NCS (10° cpm) was injected IT into SW 1116, WiDr
and KB xenograft-bearing nude mice. At various times after
injection, blood and tumors were taken and the clearances of
['®T]A7-NCS in the blood and tumors were measured by a
gamma counter. AUCs were calculated by computerized
mathematical analysis.'® Data were expressed as % ID Xh/g.

injected ["*I]A7-NCS was also compared between the
three groups. The conjugate concentration in the blood
was high, moderate and low in the KB, WiDr and
SWI1116 xenograft-bearing mice, respectively (Fig. 3).
Blood AUC was calculated in the same manner as for the
tumor. Blood AUCs were 225, 411 and 1016 (% ID/g of
blood) in SW1116, WiDr and KB xenograft-bearing
mice, respectively {Table I).

When [*I]JA7-NCS was administered IT to SW1116-
bearing mice with an excess of Mab A7, the ['***I]A7-
NCS concentration was lower in the tumor and higher in
the blood than when it was administered without Mab
A7 (Fig. 4).

Therapeutic effects of IT injected A7-NCS To determine
whether A7-NCS could be used for IT treatment, each
xenografted mouse was treated by A7-NCS IT injection.

Time after administration (h)

Fig. 3. Blood clearance of ['*I]A7-NCS injected IT. A7-NCS
labeled with '*’I was injected IT into tumor-bearing nude mice,
which were killed 1, 6, 12, 24, 48 and 72 h after injection.
Bound "**1 was measured in blood samples by gamma counting.
Data are expressed as the 9 ID per gram of blood. Bars: = SE.

In the case of the SW1116 xenograft, A7-NCS and NCS
IT injection and A7-NCS IV injection all inhibited tumor
growth to some degree, whereas the tumor proliferated
progressively with a control saline IT injection. A7-NCS
IT injection resulted in complete remission in all of the 5
mice with the SW1116 tumor. Neither NCS IT injection
nor A7-NCS IV injection (data not shown) achieved
this result (Table II). IT injection with either A7-NCS
or NCS reduced WiDr xenografts in mice, whereas the
tumor proliferated after being injected with saline. A7-
NCS IT injection achieved complete remission in 2 of the
5 mice with the WiDr xenografts, while NCS IT injection
did not achieve the same effect. IT injection of either
AT7-NCS or NCS inhibited KB tumor growth to some
degree, whereas the tumor proliferated with a control
saline injection. Complete tumor remission in KB-
bearing mice was not seen after A7-NCS IT injection.
When A7-NCS was administered simultaneously with an
excess of Mab A7, complete tumor remission was not
observed in SW1116-bearing mice (data not shown).

DISCUSSION

The advantages of the use of immunoconjugates in
cancer chemotherapy are selective delivery, low normal
organ toxicity and high localization of the anti-cancer
agent in the target tumor. One important factor in defin-
ing the in vivo chemotherapeutic efficacy of the conjugate
is the amount of conjugate reaching the target tumor. We
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Fig. 4. Effect of excess Mab A7 on tumor and blood localiza-
tion of ["PIJA7-NCS. A7-NCS labeled with "I (5 10° cpm)
was administered IT to SW1116 xenograft-bearing nude mice
with (BZZ7) or without ({___T) an excess of Mab A7 (1 mg per
mouse). Six h later the mice were killed and tumor and blood
samples were taken. Radioactivity levels in the tumor (A) and
blood (B) were compared between the two groups. Data were
expressed as % ID per gram of tumor or blood. Bars: £SE,

Table II. Tumor Regression Following IT Treatment with
AT-NCS
Complete cure
Group Tumor Treatment rate
1 SwWllle AT-NCS 5/5
2 SwWl1ll16 NCS 0/5
3 SWI1116 Saline 0/5
4 WiDr AT-NCS 2/5
5 WiDr NCS 0/5
6 WiDr Saline /5
7 KB AT-NCS 0/5
8 KB NCS 0/5
9 KB Saline 0/5

Tumor-bearing Balb/c nude mice received four IT injections
of 10 units of NCS alone or A7-NCS or saline.
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developed the immunoconjugate, A7-NCS, which is
highly tumoricidal against antigen-positive tumors both
in vitro and in vivo. A7-NCS is capable of delivering NCS
to the target tumor in several times the quantity delivered
by NCS injection alone.'® In clinical applications, the
conjugate has exhibited some effect,' but the response
was not satisfactory,” presumably because a sufficient
amount of the conjugate did not reach the tumor. This
can be attributed to various barriers encountered before
the conjugate reaches the tumor, such as the blood
supply, transcapillary blockade, hydrosiatic pressure of
the interstitial tissues, etc.'”® To avoid such barriers in
this study, A7-NCS was locally injected into the tumor.

AT-NCS labeled with "1 accumulated well, moder-
ately well and poorly in SW1116, WiDr and KB xeno-
graft-bearing mice, respectively, when given by I'V admin-
istration. Addition of an excess amount of non-labeled
Mab A7 significantly inhibited ['*I]A7-NCS tumor lo-
calization. These findings indicate that the tumor local-
ization of A7-NCS was proportional to the degree of
antigen expression, and was not correlated with histolog-
ical structure or other pathological barriers when IV
injection was used in this tumor series. In the case of IT
injection, ["“I]A7-NCS accumulated well, moderately
well and poorly in SW1116, WiDr and KB xenograft-
bearing mice, respectively. In addition, when simultane-
ously injected with an excess of Mab A7, ['"PI]A7-NCS
accurnuiated in the SW1116 xenograft to a lesser degree.
The blood concentration of A7-NCS was high in mice
with KB xenografts, moderate in mice with WiDr
xenografts, and low in mice with SW1116 xenografts,
When ['*I]A7-NCS was administered with an excess of
Mab A7, its blood concentration was higher than in mice
without the excess amount of Mab A7. These findings
suggest that A7-NCS, when IT injected, is retained in the
tumor in proportion to the degree of antigen expression,
and consequently is dispersed into the blood-stream in
inverse proportion to anfigen expression. The tumor
clearance analysis also indicates that IT injected A7-NCS
is retained in the target tumor by an antigen-antibody
mnteraction, and not simply by non-specific local reten-
tion.

To define conclusively the pharmacokinetics of an IT
injected immunoconjugate, some quantification of the
drug localized in the target tumor is often required. In
this study, we examined the in vivo pharmacokinetics
of IT injected A7-NCS by following the radioactivity of
injected ["T]A7-NCS instead of quantifying the NCS
concentration. One problem in the use of “I-labeled A7-
NCS for such analysis will be radiolabeling efficiency,
since the majority of the '*I is attached to the antibody
molecule and not to the NCS molecules. However, as
elucidated in a previous report,'™ ["IJA7-NCS is so
stable that it does not release the NCS molecules before



reaching the target tumor. Thus, ['”I]A7-NCS tracer
analysis can be substituted for in vivo pharmacokinetical
analysis of this conjugate.

A significant tumoricidal effect was observed with IT
injection of A7-NCS on SW1116 and WiDr xenografts,
but not on KB xenografts. It can be concluded that the
effect was in proportion to the degree of antigen expres-
sion in the xenograft, since the in vitro sensitivity of the
three cell lines to NCS showed a similar profile. The
significant tumoricidal effects of IT injected A7-NCS can
be attributed to the increased amount of conjugate which
is retained in the target tumor. NCS alone showed some
response via IT administration, but the effects were tran-
sient for all xenograft types in our tumor series. The
difference in therapeutic effect between NCS and A7-
NCS can be attributed to the attached monoclonal anti-
body. In other words, the conjugation of Mab A7 en-
hances the therapeutic effect of NCS via IT injection,
presumably due to the high concentration of NCS
localized in the tumor. Antigen specificity of A7-NCS IT
injection was further examined by treating tumor-
bearing mice with an excess of Mab A7. The results
showed a reduced therapeutic effect in mice treated with
an excess of Mab A7 (data not shown). These findings
indicate that A7-NCS IT injection can regress an estab-
lished tumor more effectively than systemic injection,
with a high degree of antigen specificity. Qur unpublished
data showed that the IT injection of A7-NCS had a
highly inhibitory effect on the tumor growth as compared
with injection via the intravenous route. It is clear that
this greater effect of IT injection is due to a significantly
enhanced accumulation of the conjugate in the tumor, in
comparison with systemic injection.

Some other studies have reported that the IT injection
of immunotoxins results in significant tumoricidal effects
in various experimental systems.””*" In those reports, the
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In summary, A7-NCS was administered IT in tumor-
bearing nude mice, and the tumor localization properties
and tumoricidal effects were examined. The results
showed that A7-NCS was markedly localized in the
target tumor, and exhibited a significantly greater
tumoricidal effect than NCS alone. The tumoricidal effect
was in proportion to the degree of antigen expression in
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the local control of cancer, and augurs a new application
for cancer chemotherapy.
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