Jpn, J. Cancer Res. 82, 219-226, February 1991
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The tissue distribution and in vivo antitumor activity of a novel monoclonal antibody-mitomycin
C conjugate (A7-MMCD) composed of anti-human MAb A7 and MMC-dextran conjugate were
investigated using tumor-bearing mice. A7-MMCD was prepared via an anionic dextran intermediate
for the purpose of keeping the non-specific uptake by the reticuloendothelial system to a minimum.
Myy.abeled A7-MMCD showed about a 5-times-greater accumulation in SW1116 (targeted tumor)
than in S180 (non-targeted tamor) 48 h after injection, and produced a tumor-to-blood ratio which was
3 times higher in SW1116-bearing mice than in S180-bearing mice 96 h after injection. Accumulations
in the liver, spleen, and kidney were also observed to some extent. Pharmacokinetic analysis revealed
that A7-MMCD had nearly the same properties in the body as MMCD,, (MMCD with an anionic
charge), i.e., those of a negatively charged macromolecule. Both A7-MMCD and MMCD,, had
relatively similar tissue uptake rate indices for the liver and spleen. The tumor uptake rate index for
SW1116 was about 2.5 times greater than that for S180, and the total amount of "In-A7-MMCD
accumulated in SW1116 was calculated to be approximately 5 times greater than the amount in S180.
These results indicated that A7-MMCD could achieve site-specific targeting in the body. Further-
more, in the therapeutic experiment using SW1116 implanted subcutaneously, A7-MMCD suppressed
tumor growth significantly, compared to free MMC and MMCD,,. These results suggest that in
designing an monoclonal antibody-drug conjugate via an intermediary, the physicochemical properties
of intermediate macromolecules must also be taken into consideration to obtain a high degree of

efficacy in vivo.
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In recent years, monoclonal antibodies (MAbs)* that
recognize tumor-associated cell surface antigens have
been widely utilized as tumor-specific carriers for
cytotoxic agents such as toxins, radioisotopes, and anti-
cancer drugs."® In the case of MAb-drug conjugates,
intermediate carriers such as polysaccharides, proteins,
and synthetic polymers are currently being used to bind a
sufficient amount of drug without impairing antibody
binding activities.”” However, although there have been
many reports on successful preparations and the superior
antitumor activities of such immunoconjugates, few
evaluations have been done on their biodistribution. In
fact, in these cases, intermediate macromolecules may
affect the in vivo behavior of the parent conjugates, so it

* Abbreviations: MAb, monoclonal antibody; MMC, mito-
mycin C; MMCD, MMC-dextran conjugate; MMCD,,
MMCD with an anionic charge; MMCD,,, MMCD with a
cationic charge; PBS, phosphate-buffered saline; DTPA,
diethylenetriaminepentaacetic acid; AUC, the area under the
plasma concentration-time curve; S180, sarcoma 180; SPDP,
N-succinimidyl 3-(2-pyridyldithio)propionate.

Monoclonal antibody A7 — Mitomycin C-dextran conjugate — Monoclonal antibody-

is important to determine whether such conjugates
achieve site-specific targeting in vivo as does the MAbD
alone before assessing their in vive antitumor activity.

We have developed a novel immunoconjugate (A7-
MMCD) composed of anti-human colon cancer MAb
A7 and the polymeric prodrug of mitomycin C (MMC),
mitomycin C-dextran conjugate with an anionic charge
(MMCD,,).® We designed this immunoconjugate for
greater tumor localization, since our previous work had
revealed that MMCD,, is suitable for conjugation with
MAD because of its long circulating life after intravenous
administration owing to its physicochemical properties.”

In this study, an investigation of the tissue distribution
of A7-MMCD was performed, including a pharmaco-
kinetic analysis. Ir vive antitumor activities were also
evaluated in the preliminary experiment.

MATERIALS AND METHODS

Chemicals MMC was kindly supplied by Kyowa Hakkao
Kogyo Co. (Tokyo). Dextran with an average molecular
weight of about 70,000 (T-70) was purchased from
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Fig. 1. Chemical structure of A7-MMCD.,

Pharmacia (Uppsala). Radicactive indium chloride
[""In]Cl; was supplied by Nihon Mediphysics, Takara-
zuka, Osaka. All other chemicals were reagent grade
products obtained commercially.

Monoclonal antibody The MAb A7 used in this study
was an IgG1, secreted from a hybridoma produced after
the fusion of mouse myeloma cells and spleen cells from
BALB/c mice immunized with a human colon cancer
cell line.”’ The MAb was purified from murine ascitic
fluid by affinity chromatography on immobilized Protein
A. Isolated MAb A7 was dialyzed against PBS and
stocked in a freezer (—70°C).

Preparation of MMCD,, and A7-MMCD MMCD,, and
A7-MMCD were synthesized using a dextran (T-70) as
reported previously.*® The chemical structure of A7-
MMCD is shown in Fig. 1. The antibody binding activity
and drug activity of A7-MMCD were almost completely
preserved after the conjugation procedure. The molar
binding ratio was estimated to be 1:1.2:40 (IgG:dextran:
MMC). In addition, A7-MMCD, as well as MMCD,,,
was found to be inert by itself but released active MMC
with a half-life of about 30 h under physiological condi-
tions (pH 7.4, 37°C).

Indium-111 labeling The A7-MMCD was labeled with
""In using a bifunctional chelating agent, DTPA anhy-
dride, according to the method of Hnatowich et al.'?
with several modifications. To the A7-MMCD solution
(5 mg/mi in 0.1 M NaHCOQO,) was added 1.5 mol of
DTPA anhydride (Dojindo Laboratories, Kumamoto)
dissolved in 10 gl of dry dimethyl sulfoxide (DMSO).
The mixture was stirred for 30 min at room temperature
and purified by gel filtration with Sephadex G-25
(Pharmacia) to separate the free DTPA. DTPA-coupled
AT-MMCD solution (960 ¢1) was added to a mixture of
480 121 of '"'InCl, solution (2 mCi/ml in 0.01 N HCI) and
480 pl of 1 M sodium acetate buffer (pH 6.0). After a 30
min incubation at room temperature, unbound ""'In was
removed by ultrafiltration and more than 60% of "In

220

was calculated to bind to A7-MMCD. The specific activ-
ity was 5-10 mCi/mg.

Tumors and animals Male ddY mice and BALB/c
(nu/nu) female athymic mice were obtained from the
Shizuoka Agricultural Co-operative Association for Lab-
oratory Animals, Shizuoka. Sarcoma 180 (S180), which
was used as the A7 reactive antigen-negative cell line,
was maintained in ddY mice by weekly intraperitoneal
(ip) transfer of 10° cells obtained from ascitic fluid. For
the tissue distribution study, one-tenth of one milliliter of
ascitic fluid was inoculated subcutaneously into ddY
mice. The colon cancer cell line, SW1116, serving as the
AT reactive antigen-positive cell line, was grown in a
monolayer culture in RPMI 1640 medium supplemented
with 10% heat-inactivated fetal calf serum. SW1116
xenografts initiated from the in vitro tumor cell line were
subsequently passed subcutaneously in nude mice and
used for the biodistribution and therapeutic studies.
Tissue distribution study procedure Ten to fourteen days

- after tumor inoculation, when the tumor became measur-

able (about 5-10 mm in diameter), nude mice bearing
SW1116 and ddY mice bearing S180 were injected with
"'In-labeled A7-MMCD into the tail vein at a dose of 50
ug of antibody in 0.2 ml of PBS. At 1, 24, 48, and 96 h
after injection, blood was collected from the vena cava
and the mice were killed. Organs, such as the heart, lung,
liver, spleen, kidney, intestines, muscle, lymph nodes and
tumor were excised, and weighed, and their radioactivities
were measured in a2 gamma scintillation counter.
Pharmacokinetic analysis The level of the macromole-
cule in the plasma was analyzed using a two-compart-
ment open pharmacokinetic model. The analysis was
performed using the non-linear least-squares program
MULTI.’" The plasma concentration was best described
by the biexponential equation.

Cp()=Ae *+Be ™™

where B=C, (the concentration at time 0)—A. This
analysis yielded the half-life of the macromolecule in the
a and 8 phases of clearance and the concentration con-
stants A and B. The AUC was calculated from the
cbtained parameters. The AUC at infinite time is given
by

AUC=A/a+B/S

On the other hand, the tissue distribution of the mac-
romolecule was evaluated using a tissue uptake rate index
calculated in terms of clearance, as reported previously.”
The change in the tissue concentration of a macromole-
cule with time can be described as follows:

dT(£)/dt=Cly, X C(£) — Ko X T() (1)

where T(f) is the amount of macromolecule in 1 g of
tissue, C(7} is the plasma concentration, Cl,, is the tissue



uptake rate index (clearance) from the plasma to the
tissue, and K, is the efflux rate constant from the tissue.
In the present study, efflux processes of the macromole-
cule, such as return to the plasma after breakdown in the
tissue, should be almost negligible, since the radioactivity
of the '""In would be retained for a long period in the
tissue. Therefore, Eq. (1) integrates to

CL,=T(4)/C(#)dt=T(1)/AUC,_, (2)

According to Eq. (2), the tissue uptake rate index is
calculated using the amount of the macromolecule in the
tissue and the AUC. Values obtained 96 h after injection
were used for the calculation of the tissue uptake rate of
the macromolecule. Then, organ clearance (CL,,) can
be expressed as follows:

CLcrgZCIin XW (3)

where W is the total weight of the organ. In addition, the
total body clearance (CL) equals the sum of each
organ clearance, and the following equation should hold,

CL,u=Dose/AUC
= CLliver + CLkidncy +--+ CLlumor (4)

Furthermore, the total tumor accumulation at infinite
time was calculated to compare the levels of tumor
uptake for the various compounds used, according to the
following equation, which assumes the tumor weight to
bel g

Total tumor accumulation (% of dose)
= CLuumor X 1/CLgy X 100 5)

Therapeutic experiment The SW1116 xenograft initiated
from an in vitro tumor cell line was subsequently passed
subcutaneously in nude mice. Eleven days after tumor

In vivo Efficacy of A7-MMCD

inoculation, when the tumor became measurable, the
mice were divided into an appropriate number of groups
with each group consisting of four mice. The test com-
pound in 0.2 ml of PBS was intravenously injected into
the tumor-bearing mice (on day 11 and day 19). The
tumor size was teasured with a caliper at 2- or 3-day
intervals, and the volume was calculated by using the
equation V = (aX 8)/2, where a is the length (mm), & is
the width (mm), and V is the volume (mm®) of the
tumor. For a comparison among different groups, the
mean relative tumor volume (RV) for each group was
calculated from the formula RV =V,/V,, where V, is the
mean tumor volume at any given time and V, is the mean
initial tumor volume when the treatment began. Since
each tumor’s growth rate was variable, the ratio of RV of
the treated group to RV of the control group (T/C) was
calculated.

RESULTS

Tissue distribution Tables I and II show the tissue
distribution of radioactivity after iv injection of 'In-
labeled A7-MMCD in ddY mice bearing S180 (non-
target tumor) and nude mice bearing SW1116 (target
tumor), respectively. Radioactivity concentrations in the
heart, lung, intestines, and muscle were very low in both
cases. In 8180-bearing mice, marked accumulation of
radicactivity was observed in the liver, spleen, and
kidney, but the radioactivity concentration in the tumor
was very low. On the other hand, although significant
accumulations in the liver, spleen, and kidney were also
observed in SW1116-bearing mice, a marked accumula-
tion of radioactivity was noted in the tumor. In fact,
""In-A7-MMCD showed about a 5-times-greater accu-

Table I. Tissue Distribution of ""In-A7-MMCD after Intravenous Injection into Nude Mice Bearing

SW1116 (N=3)

% injected dose/g or ml at time postinjection

Organ

1h 24 h 4% h 96 h

Heart 1.891+0.11? 1.750.17 2.011+0.36 1.03+£0.25
Lung 2.74%0.26 3.11+0.48 3.1310.87 1.83£0.20
Liver 20.23+0.34 30.6713.26 25.461t4.41 15.89+1.47
Spleen 8.561£1.25 16.02x2.02 20.621+3.03 15.41£1.30
Kidney 17.47x£1.53 15.99+0.18 15.96£2.68 9.1111.06
Intestines 0.621+0.09 2,4910.12 2.00£0.63 1.04 +0.08
Muscle 0.61£0.11 0.52+0.11 0.861+0.18 0.641£0.17
Lymph nodes ND 12.97£20.07 53.79t48.48 11.92+4.70
Tumor 3.601+0.44 15.87£4.71 19.70+4.47 15.784.62
Plasma 34.9913.58 5.70*+0.51 3.45+0.32 1.11£0.18
Body weight (g) 27.7+2.70 29.0+1.74 28.410.30

a) Mean=£SD.
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Table II. Tissue Distribution of "In-A7-MMCD after Intravenous Injection into ddY Mice Bearing

S180 (N=4)
% injected dose/g or ml at time postinjection

Organ

1h 24 h 48 h 9 h
Heart 1.71 £0.53% 0.97X0.18 1.34£0.20 0.60%0.13
Lung 1.46 +0.45 1.23+0.19 1.23%0.14 0.8410.25
Liver 13.9611.35 20.41£1.51 13.69=0.50 8.65T1.73
Spleen 503*+0.46 9311173 11.98+1.60 6.1212.55
Kidney 14.40+1.56 23.26+3.26 14.401£1.60 8.71L£1.29
Intestines 0.47L£1.45 2.70£0.31 0.96X0.10 0.39x0.08
Muscle 0.5910.11 0.41+0.15 0.67x0.12 0.45+0.13
Lymph nodes 8.281£8.96 15.67£9.22 20.54 1 16.41 10.21£7.70
Tumor 0.560.23 3.03+0.34 3.91+0.73 1.9310.41
Plasma 19.29+2.02 2.36+0.69 1.521£0.24 0.381£0.13
Urine (% of dose) 2.08+1.09
Body weight (g) 29.1£2.45 29.01+1.49 264+1.71

d) MeanXSD.

mulation in SW1116 than in S180, 48 h after injection
(19.70+4.47% dose/g in SW1116, 3.91£0.73% dose/g
in S180). As for the tissue-to-blocd ratio, A7-MMCD
produced a tumor-to-blood ratio which was 3 times
higher in SW1116-bearing mice than in S5180-bearing
mice, 96 h after injection (13.4 for SW1116, 4.8 for
5180). '

Pharmacokinetic analysis To evaluate quantitatively the
tissue distribution observed in this study, tissue uptake
rate indices were calculated in terms of clearance by
dividing the tissue level by AUC. Table III summarizes
the AUCS, total body clearances, tissue uptake indices
for some representative organs, and the calculated total
tumor accumulation of "'In-A7-MMCD at infinite time

Table III.
Bearing SW1116 or ddY Mice Bearing S180

after iv injection into SW1116-bearing nude mice and
$180-bearing ddY mice. After iv injection into 5180-
bearing mice the parameters for "“C-MMCD,, and "C-
MMCD,,, which both have a molecular weight of
70,000, were calculated from our previous data,” for
comparison. In S180-bearing mice, the tissue uptake rate
indices in both the liver and spleen and the total body
clearance of '''In-A7-MMCD were one or two orders of
magnitude lower than those of “C-MMCD,,, but only
slightly higher than those of “C-MMCD,,, suggesting
that A7-MMCD has nearly the same properties as
MMCD,,, which is a negatively charged macromolecule.
Pharmacokinetic analysis revealed that there was no
large difference in the tissue uptake rate indices for A7-

AUC, Clearance, and Tissue Uptake Rate for 'In-A7-MMCD, “*C-MMCD,,, and “*C-MMCD,,, in Nude Mice

Total tumor

AUC Clearance (ul/h} Tissue uptake rate (¢1/h/g) .
Compound (% dose h/ml) accumulation®
CLotal CLyrine Liver Spleen Kidney Muscle Tumor (% of dose)

Wy A7-MMCD,, 526 190 — 116 60.4 60.2 2.0 59.8 3.5

(SW 1116)
M1n-A7-MMCD,, 236 424 2.0 160 73.2 23.8 32 23.8 5.6

{8 180)
BC.MMCD,, 431 232 62.8 58.2 10.3 2.3 1.0 13.6 59

(S 180)
BC MMCD,,, 15.1 6623 1438 3557 1943 590 1.3 27.1 0.4

(8 180)

@) Calculated by assuming the tumor weight to be 1.0 g.
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Fig. 2. In vivo antitumor activity of A7-MMCD. Groups of
four mice were inoculated subcutaneously with SW1116 (day
0). Each group received an iv injection of either PBS (O), 0.5
mg/kg of free MMC (4), 2.5 mg MMC equivalent/kg of
MMCD,, ()}, or 2.5 mg MMC equivalent/kg of A7-MMCD
(®) onday 11 and day 19. Results are expressed as the relative
tumor volume for each group.

MMCD in the liver and spleen between SW1116- and
S180-bearing mice in spite of the differences in total body
clearance. On the other hand, the tumor uptake rate
index for SW1116 was about 2.5 times greater than that
for $180. Furthermore, the total amount of '"In-A7-
MMCD accumulated in SWI1116 was calculated to be
approximately 5 times greater than the amount in S180,
which was almost the same as the amount of “C-
MMCD,, in S180. These results indicate that the specific
carrier contributes to the accumulation of radioactivity
in the target tumor tissue.

Therapeutic experiment The ir vivo antitumor activity of
AT-MMCD against the human colon cancer SW1116
transplanted into nude mice was examined. Fig. 2
shows the experimental data obtained, each curve
representing the mean tumor volumes of a different
group. Since the LDy, of MMCD,, was about 5 times
higher than that of free MMC, due to the slow release of
MMC,” the in vivo antitumor activities of MMCD,, and
AT-MMCD and that of free MMC were compared at

In vive Efficacy of A7T-MMCD

equitoxic dose levels. In the control group, remarkable
tumor growth was observed, and the relative tumor
volume 28 days after tumor inoculation was 9.9611.05
(meanSE). MMCD,, had a moderate inhibitory effect
on the growth of SW1116 (T/C, 65113%), whereas
free MMC had almost no inhibitory effect on the tumor
growth in this concentration range (T/C*SE, 97%
18%). The tumor growth of the A7-MMCD-treated
group was found to have been significantly suppressed
on day 28 (T/C, 26 £4%) when compared with that of
MMCD,,-treated mice (P<0.05 by Student’s ¢ test) or
other groups. No significant weight loss was observed in
any group of mice (data not shown).

DISCUSSION

In preparing an MAb-drug conjugate using a
macromolecular intermediate between the MAb and the
drug, it must be taken into consideration that the
physicochemical properties of the intermediate macro-
molecule, such as dextran, serum albumin, or synthetic
polymers, may alter the in vivo behavior of the parent
immunoconjugate. There have been numerous evalua-
tions of the in vivo distribution of MAb alone'>™ and
more recently several reports have described the distribu-
tion of MAb-drug conjugates synthesized by a direct
linkage method." ' However, little information is avail-
able concerning the in vivo distribution characteristics of
MADb-drug conjugates synthesized using a macromole-
cule as an intermediary. In the case of MAb conjugated
with plant toxins, such as ricin'>*” and gelonin,?"” and
liposomes containing anticancer agents,” the level of
accumulation in the tumor tissue after systemic adminis-
tration markedly decreased compared with unconjugated
MAD alone due to increased entrapment by the reticulo-
endotheliai system. Therefore, the in vivo antitumor
effects were less successful than would be expected on the
basis of the in vitro cytotoxic activities. Similarly, the
altered disposition characteristics may have lowered the
in vivo efficacy of the MAb-drug conjugate via an inter-
mediate macromolecule,

In our scries of investigations, we have developed a
polymeric prodrug of MMC, MMCD,, ., *?” and
MMCD,,” for passive targeting chemotherapy. The dis-
position and pharmacokinetics of MMCD were investi-
gated systematically in normal rats after iv*>?® and intra-
muscular injection’®?” and in tumor-bearing mice after
iv injection.”

Kinetic analysis revealed that MMCD acts as a reser-
voir of MMC, supplying active MMC to the body.” % A
pharmacokinetic study clarified that the physicochemicai
properties of macromolecules, such as electric charge and
molecular weight, mainly determine their biodistribution.
For example, MMCD,,, with a large molecular weight,
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such as 500,000, is suitable for local injection because it
shows sustained retention at the injection site and en-
hanced lymphatic delivery, owing to its pelycationic
nature.”” On the contrary, after iv injection, MMCD,,, is
rapidly cleared by the reticuloendothelial system and fails
to supply a sufficient amount of the drug to the tumor
tissue. Finally, MMCD,, with a molecular weight of
70,000 is advantageous for tumor targeting since it has a
long circulating life with less cellular interaction with the
reticuloendothelial system of the liver and spleen, which
are the most important organs in determining the in vivo
systemic disposition of such polymeric prodrugs.” There-
fore, we applied these considerations in designing an
MAb-drug conjugate and developed a novel immuno-
conjugate composed of anti-human MAb A7 and
MMCD,, (A7-MMCD) in order to deliver a sufficient
amount of MMC efficiently to the targeted tumor tissue
with minimal elimination by the reticuloendothelial
system. Successful preparations and in vitro antitumor
activities of A7-MMCD have been reported previously.”

In the present distribution study, '''In-labeled A7-
MMCD showed marked accumulation in the targeted
tumor (SW1116), compared to the non-targeted tumor
(S180). Radioactivity was also detected in the liver,
spleen, and kidney, but the levels of accumulation in
these organs were much less than those observed in the
case of immunotoxins and immunoliposomes. These
results indicated that A7-MMCD, thus synthesized, did
achieve site-specific targeting in vivo.

Previously, we examined the biodistribution of MAb
A7 labeled with ‘I, and 4 days after intraperitoneal
injection, a maximal tumor-to-blood ratio of 2.03 and
concentration in the tumor tissue of 8.18% dose/g were
obtained without significant accumulations in other
organs.™ In the present study, instead of '*’I, we labeled
the conjugate with "'In. Radioiodination is the most
popular method for protein labeling, but radioactivity
returns to the blood circulation if the labeled protein is
degraded in the organ. On the other hand, by "'In
labeling, the net tissue uptake can be estimated since the
radioactivity in the macromolecule is retained for a long
period in the tissue owing to uptake into an iron-binding
protein’” after intracellular degradation. Accordingly, a
higher tissue-to-blood ratio can be obtained, but hepatic
uptake is also increased by '''In labeling compared to '**I
labeling. In the present study, significant amounts of
radioactivity were also detected in the liver, spleen, and
kidney as well as in the tumor tissues of both mice. It is
true that this conjugate did accumulate in these organs,
but the fact that 'In was used for the radiolabeling of
the conjugate may account for these results.

Pharmacokinetic analysis was performed to assess
quantitatively the organ distribution observed in this
study. The increased rate of tumor uptake in the targeted
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tumor demonstrated that A7-MMCD retains its im-
munoreactivity in vivo and accumulates in the targeted
tumor specifically. This high rate of tumor uptake to-
gether with the large AUC obtained for the SWI1116-
bearing nude mice may lead to the high value of total
tumor accumaulation. Tissue uptake rate indices in the
liver and spleen for A7-MMCD in S180-bearing mice
were similar to those for MMCD,, rather than those for
MMCD,,, which showed that A7-MMCD behaves in
almost the same manner as a negatively charged macro-
molecule in vive against the reticuloendothelial system.
These results indicated that our goal of forming an MMC
immunoconjugate via an anionic dextran intermediate
for specific tumor targeting was close to being achieved,
although the actual net electric charge of A7-MMCD
was neutral. The slight elevation of the tissue uptake
rates in the liver and spleen compared with the rates
found using MMCD,, was probably due to the decreased
anionic charge and the increased molecular size of A7-
MMCD. A greater anionic charge can be given to
MMCD,, by leaving more unreacted carboxyl groups on
the spacer arms of the dextran, at the cost of a reduction
in the amount of MMC attached to the dextran. On the
other hand, F(ab’), fragments of MAb A7 could be
successfully obtained by digesting MAb A7 with pepsin
as reported previously.’ Therefore, A7-MMCD syn-
thesized using an MMCD,, with a greater anionic charge
and a F(ab’), fragment instead of whole A7 may exhibit
improved tumor localization with lower rates of tissue
uptake in the liver and spleen.

Since the lysyl residues of the antibody molecule were
labeled with '""In through DTPA, the radioactivity
detected might not necessarily represent the in vivo be-
havior of the conjugate. The disulfide bond between the
antibody and the dextran might be broken in the body as
observed in the case of ricin conjugated with antibody
employing SPDP.* But, it has recently been revealed
that the stability of the disulfide bond depends on the
degree of folding and subsequent protection of the disul-
fide linkages between macromolecules.”” In the case of
AT-MMCD, since a greater in vive antitumor activity
was observed in the therapeutic experiment, it was
thought that the disulfide bond in A7-MMCD is fairly
stable in the circulation and that the radioactivity repre-
sents the tissue distribution of MMCD in the conjugated
form. An in vivo stability test and a biodistribution study
which will label the dextran component of A7-MMCD
will be the next step in our study.

In the preliminary therapeutic experiment, A7-
MMCD significantly suppressed tumor growth in com-
parison with free MMC and MMCD,,. The remarkable
ability of A7-MMCD to accumulate in the tumor ob-
served in the distribution study may contribute to the
observed growth-inhibitory effect on human colen cancer



implanted subcutaneously. Since A7-MMCD, a prodrug
of MMC, liberates active MMC with a half-life of about
30 h in the body, not enzymatically but by chemical
hydrolysis,”™ the in vivo antitumor activity of A7-
MMCD was presumably brought about mainly by free
MMC dissociated from the conjugate bound on the cell
surface. Therefore, endocytic internalization, which is an
essential process for some immunoconjugates that exhibit
their selective cytotoxicity through degradation by
lysosomal enzymes,”” may be disadvantageous for A7-
MMCD and may greatly affect the cytotoxicity of A7-
MMCD. In this way, besides internalization, various
factors, such as mode of action, MMC release rate, and
tumor size, may play important roles in determining the
efficacy of A7-MMCD. Optimization of the treatment
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