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1) mice and in athymic nude mice (Fig. 1). Injections of CSA
(80 mg/kg of body weight per day) on days 1-5 or 2-8 after

FiG. 2. (A) Photographic enlargement (x14) of a typical human
tumor (MX-1) xenograft on day 6 after implantation into the SRC.
Scale shows artist’s representation of ocular micrometer scale
viewed through a stereomicroscope, allowing precise measurement
of tumor size. (B) Photographic enlargement (x3) of human tumor
xenografts in the SRC assay on day 10 after implantation. Kidney on
the left shows tumor with hemorrhagic necrosis due to immunologic
rejection in a normal mouse. Kidney on the right shows healthy,
discrete tumor mass in a CSA-treated mouse.
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tumor implantation allowed tumor growth for 10-12 days af-
ter implantation. Without CSA, average tumor diameters af-
ter 6 days were ~17 omu, an increase of ~30% compared to
the original tumor sizes (12.5 omu). In contrast, the tumors
on day 10 in CSA-treated mice were =30 omu, an increase of
=~130%. The growth rate of tumors during days 6-10 was
greater than during days 0-6, especially because tumors
grew more rapidly in depth after day 6. Gross inspection of
kidneys from CSA-treated mice after 10 days revealed
healthy, discrete tumor grafts. In contrast, control tumors
were difficult to measure because of hemorrhage and necro-
sis (Fig. 2).

Growth of Murine Tumor Allografts. MBT-2 tumors grew
in allogeneic CD-1 mice during the first 6 days after implan-
tation (Fig. 3), and no statistical difference in tumor size was
observed on day 6 in allogeneic vs. syngeneic (C3H) mice.
CSA treatment of CD-1 mice allowed tumor growth for 12
days that was not statistically different from tumor growth in
syngeneic C3H mice. These results are similar to results with
MX-1 human tumor xenografts in CSA-treated normal mice
vs. nude mice. In these experiments MBT-2 tumor growth
also was more rapid during days 6-12 than during days 0-6.

CSA treatments given to C3H mice implanted with synge-
neic MBT-2 tumors had no detectable antitumor effect; in
fact, a slight increase in tumor size was noted on day 12 in
syngeneic mice (P < 0.05 for treated vs. controls). Similar
results were obtained in two other experimental groups.

Histologic and Immunohistologic Studies. Although tumors
increased in total size on day 6 in control mice, histological
analysis revealed areas of inflammatory infiltrates and hem-
orrhagic necrosis (Fig. 4A). In contrast, fragments from the
same tumors in CSA-treated mice showed much less inflam-
mation and necrosis even on days 6-12 (Fig. 4B). The differ-
ences were similar for both mouse (MBT-2) and human (MX-
1) tumors.

Tumors in CSA-treated mice also showed prominent neo-
vascularization and invasion of the kidney on days 6-12 after
implantation, and some mice with allogeneic tumors had liv-
er metastases. Although minor neovascular changes were
observed on day 6 in control mice with allogeneic tumor
grafts, only CSA-treated mice exhibited metastases or prom-
inent tumor invasion into the kidney.

Immunoperoxidase staining with monoclonal antibodies
revealed that a prominent portion of the cellular infiltrate
consisted of host (murine) T cells (Fig. 4C). Both helper and

80 } C3H+CSA
70r C3H
=
§ 60 { CD1+CSA
G ’
S50+
g a0}
3
=
301
CD1
20+
10}

Days after implantation

F1G. 3. Growth of MBT-2 murine tumors in allogeneic (CD-1) or
syngeneic (C3H/He) mice. There is no statistical difference be-
tween tumor sizes on day 6 or day 12 in CSA-treated allogeneic mice
and in syngeneic mice. CSA (80 mg/kg per day) was given subcuta-
neously on days 2-8 after tumor implantation.
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suppressor T-cell subsets were observed on day 6 after tu-
mor implantation into control mice, using anti-L3T3, anti-
Lytl and anti-Lyt2 antibodies. Both T-cell subsets were dra-
matically reduced in CSA-treated mice.

Antitumor Activity of cis-Pt. The capacity of the SRC as-
say to delineate antitumor activity of cis-Pt against growing
MX-1 tumors was significantly improved when the drug was
tested in CSA-treated mice (Fig. 5). A single injection of cis-
Pt (8 mg/kg) on day 1 in untreated mice produced a slight
difference in tumor size observed on day 6 compared to con-
trols (Fig. 5A), but the difference was not statistically signifi-
cant (P > 0.2). However, the same cis-Pt treatment given on
day 6 to CSA-treated mice produced a much greater differ-
ence in tumor size by day 10 (P < 0.001 for treated vs. con-
trols). Although an increase in control tumor size was ob-
served on day 6 in CSA-treated mice (Fig. 5B), this differ-
ence was not statistically significant compared to mice
without CSA (Fig. SA). Similar results with cis-Pt were ob-
tained in two additional experimental groups when CSA (80
mg/kg per day) was injected on days 1-5 after tumor implan-
tation or when cis-Pt was given on day 1 before CSA (days
2-8).

DISCUSSION
We report that CSA allowed extended growth of human and
rodent tumors in the SRC assay. The most rapid growth of
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FiG. 4. Histology of MBT-2 murine tumors in the SRC assay. A
and B show staining with hematoxylin/eosin. C shows immunoper-
oxidase stain of frozen section. (A) Control tumor (T) on day 6 with
necrosis (N) and prominent inflammation (I) at border with kidney
(K). (B) The same tumor on day 12 in CSA-treated mice shows ho-
mogeneous malignant cells, less necrosis, and very little inflamma-
tion at border with kidney. (C) Using anti-L3T4 monoclonal anti-
body on frozen sections from control mice, immunoperoxidase
staining (darker cells) shows murine (helper) T cells at border be-
tween tumor and kidney (compare with A). CSA-treated mice
showed dramatic reduction of both total inflammation and T-cell re-
sponse 6-12 days after tumor implantation (Xx36).
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FI1G. 5. Antitumor activity of cis-Pt against MX-1 human tumor
xenografts in the SRC assay. Shown are mean values of treatment
groups (5-7 mice per group) + SEM. CSA (80 mg/kg per day) was
given subcutaneously on days 2-8 after implantation. cis-Pt (8
mg/kg) was given subcutaneously on days indicated by arrows. (A)
Mice not treated with CSA. Difference between cis-Pt-treated and
control tumors on day 6 was not significant (P > 0.2). (B) CSA-
treated mice. Difference between cis-Pt-treated and control tumors
on day 10 was significant (P < 0.001).
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implanted tumors in the SRC assay occurred after day 6,
both in mice with syngeneic rodent tumors and in CSA-treat-
ed mice with human tumors. These results suggested that
statistical discrimination of experimental treatments would
be much improved 6-12 days after tumor implantation, since
the difference between treated vs. control groups (or be-
tween various treatment groups) should be much greater
during this later period. Our results with cis-Pt are consistent
with this hypothesis, since significant differences between
control and cis-Pt-treated tumors were observed on day 10,
compared to insignificant differences on day 6.

Other factors producing this greater activity of cis-Pt at
later times after implantation may include (i) increased drug
delivery due to improved neovascularization in the older
growing tumors, and (i) increased cytotoxicity due to the
higher percentage of replicating cells in tumors at the later
time of treatment. CSA-treated mice should therefore be ad-
vantageous hosts for investigationg of cancer therapies that
depend on cell proliferation or devejoped blood supply in the
tumor mass. Extended growth of tumors after CSA treat-
ment suggests that antineoplastic drugs could be tested after
(or before) CSA administration, thereby obviating direct
drug-drug interactions.

Slowly growing primary human tumor specimens from
clinical biopsies may require longer growth periods (>10
days) for optimal discrimination of antitumor-drug activity,
and the SRC assay in CSA-treated mice may make such
studies feasible.

In contrast to other immunosuppressants, which have
antineoplastic as well as antilymphocytic properties, CSA is
highly selective against T cells, at doses that have no effect
on tumor growth or bone marrow (9, 12, 13). The rapid end
point of the SRC assay allows brief CSA treatments, which
have minimal toxicity to other vital host tissues. Using
immunoperoxidase stains of tumors in the SRC assay, we
observed that murine T cells were a prominent early compo-
nent of the inflammatory response on days 6-10 after im-
plantation. CSA effectively prevented T-cell infiltration,
thereby improving reliability of tumor size (average diame-
ters) for rapid quantification of total tumor cell growth. Our
observations are consistent with previous studies of CSA in
organ-transplant models, which showed selective immuno-
suppressive activity against T-cell function (9) and graft sur-
vival for extended periods after cessation of CSA treatment
(12, 13).

Using a transplanted rodent tumor in syngeneic mice, we
found that CSA can be utilized in simple, daily regimens that
have no antitumor effect per se, as previously shown with
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other syngeneic rodent tumors grown subcutaneously in
CSA-treated animals (13). Slightly increased growth of
MBT-2 tumors in CSA-treated syngeneic mice also suggests
that CSA could be used to improve growth of human tumors
even in nude mice. CSA has been reported to inhibit natural-
killer-cell activity (14), which may be important for growth
or rejection of some xenografted tumors in athymic nude
mice.
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