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Effects of a Combination of Cyclophosphamide and Human Recombinant Interleukin 2
on Pulmonary Metastasis after the Surgical Removal of a 3-Methylcholanthrene-
~ induced Primary Tumor in Autochthonous Mice
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We have investigated the therapeutic effects of a combination of cyclophosphamide (CY, 150
mg/kg, iv) and human recombinant interleukin 2 (IL-2, 5x10* JU/day, ip for 5 days) on
autochthonous tumors induced in mice by 3-methylcholanthrene. The initial treatment was carried
out when the tumor had reached 8 to 10 mm in diameter. Twenty-eight ont of 35 mice (80%) died
of local recurrence and pulmonary metastasis of tumor cells within 53 +40 days (mean survival
time, MST £ SD) after the surgical removal of the primary tumor. When these mice were treated
with both CY and IL-2 following the operation (Op), only 10 out of 20 mice (50%) died of
recurrence and metastasis. The survival rate, however, was not improved by CY chemotherapy
alone or IL-2 immunotherapy alone, although each provided a prolongation of the MST. Natural
killer cell and LAK precursor cell activities in the spleen cells from the treated mice were found
to be restored by IL-2 alone or CY+IL-2, whereas they were suppressed by CY alone, These
findings reveal that the restoration of the antitumor activity of spleen cells does not provide an
improved therapeutic effect by itself and that IL-2 immunotherapy requires the associated effect

of CY chemotherapy to achieve an improved therapeutic effect,
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We have previously observed that local re-
currence and pulmonary metastasis of 3LL
lung carcinoina after cyclophosphamide (CY)
chemotherapy are inhibited by its combina-
tien with interlenkin 2 (IL-2) immunother-
apy." The administration of IL-2 was found
to be insufficient by itself and the associated
effect of CY chemotherapy was required for a
satisfactory therapeutic effect on 3LL turmors.
We found evidence that LAK cells which
have been activated by IL-2 are able to accu-
mulate more densely in the tumor tissue of
mice which have previously been treated with
CY than in the tissue of untreated mice. The
ehnanced accumulation of LAK cells in CY-
treated tumors was able to bring about a
complete cure of 3LL-bearing mice. In the
case of the transplanted 3LL tumor, an
appropriately timed combination of CY and
IL-2 appeared to be effective. We have been
considering, however, whether the experimen-
tal immunotherapy should also be evaluated
on autochthonous tumors in order to find out
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if it will be relevant for the clinical treatment
of cancer.

Frequent local recurrence and pulmonary
metastasis were observed in autochthonous
mice treated by the surgical removal of a
primary tumor which had been induced by 3-
methylcholanthrene (MCA).2® This study
was carried out in order to attempt a preclin-
ical evaluation of the effectiveness of a com-
bination of CY chemotherapy and IL-2 im-
munotherapy on the locally recurrent and
metastatic tumors after surgical removal of
the primary tumor in autochthonous hosts.

MATERIALS AND METHODS

Mice Female C57BL/6 mice were purchased from
the Shizuoka Agricultural Cooperative Association
for Laboratory Animals {Hamamatsu).

Tumors Tumors were induced by the injection of 1
mg of 3-methylcholanthrene (MCA, Sigma Chem.
Co., St Louis, Mo.) in 0.1 ml of olive oil into the
distal muscle of the right hindlimb of the mice as
reported previously.* ™ All mice were examined to
determine the difference of thickness between the
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right and left limbs (the estimated tumor size)
every week from 8§ weeks after the MCA injection.
When the estimated tumor size had reached 8 to 10
mm, the initial treatment was carried out.
Surgical Removal of the Tumor The primary
tumor was removed by the amputation of the right
hindlimb at the hip joint under ethy! ether anesthe-
sta. The mice were divided into 4 groups as shown
in Table I. There was no significant difference
among these 4 groups of mice in the day of opera-
tion after the MCA injection or the mean weights
of tumors removed.

Administration of Agents Cyclophosphamide (CY;
Shionogi Pharm. Co., Osaka) was administered iv
at a dose of 150 mg/kg as chemotherapy. Im-
munotherapy was carried out by the administration
of interleukin 2 (JL-2). Human recombinant IL-2
was supplied by Shionogi Pharm. Co.* IL-2 was
given systemically by 5 serial ip injections at a dose
of 53X 10* Jurkat units (JU)/day; this unit is ap-
proximately 5 times larger than an international
unit. The IL-2 administration was started 5 days
after the surgical treatment or the CY chemother-
apy in accordance with the result of experiments in
which we have already demonstrated the effect of a
combination of CY and IL-2 on transplanted 3LL
lung carcinoma in C57BL/6 mice.”

Observation of Treated Mice All the mice were
kept under observation until they died of either the
primary tumor, a local recurrence of the tumor or
a pulmonary metastatic tumor. The survival time
in days for each mouse after the initial treatment
was recorded to obtain the mean survival time
(MST) and the survival curve of mice in each
treated group. When mice survived until 150 days
after the removal of the primary tumor without
local recurrence, they were recorded as survivors.
The mice which died were autopsied for an exami-
nation of recurrent and metastatic tumors.
Antitumor Activity of Spleen Cells The spleen cells
of mice in each group were examined to determine
their cytotoxicity against YAC-1 cells and, after a
3-day incubation with IL-2 (1000 JU/ml), against

Table L.
Operation of Each Treated Group

P815 cells by a 6 hr chromium release test. The
former was taken as natural killer (NK)} cell activ-
ity and the latter was taken as lymphokine-
activated killer (LAK) precursor cell activity. We
used 3 or 4 spleens for each experiment. Spleens
were removed aseptically and teased with loose-fit-
ting glass homogenizers. Single cell suspensions
were obtained by a passage through 4 layers of
gauze, Cell suspensions were washed twice with
cold RPMI 1640 (Nissui Pharm. Co. Ltd., Tokyo)
supplemented with 10% fetal calf serum (FCS).
The number of viable cells was determined by a
trypan blue exclusion test.
Chromium Release Test A chromium release test
was carried out for the detection of the cytotoxicity
of spleen cells by the method described previ-
ously.” Target cells: YAC-1 or P815 cells were
mixed with sodium chromate (*'Cr) at 100 uCi/10°
cells/ml. The mixture was incubated for 1 hr at 37°
in a CO, incubator. The *'Cr-labeled target cells
(1> 10*/well) were incubated with effector lympho-
cytes (5 10°/well) for 6 hr in a 96-well micro-
plate. The radioactivity of 0.1 ml of supernatant in
each well was counted, and the percentage of eytol-
ysis was assessed by means of the formula below, in
which a is the percentage of release cpm with
effector cells, b is the percentage of maximum
release cpm by 1¥ HCI and c is the percentage of
spontaneous cpm with medium alone.
Cytolysis (%) = —= 100

We expressed the level of antitumor activity of
tumor-bearing spleen cells as a percentage of the
activity of spleen cells obtained from normal
C37BI./6 mice, examined at the same time.
Statistical Analysis The incidences of local recur-
rence, of pulmonary metastasis and of dead mice
were compared by means of the y>-test between the
two treated groups. A significant difference in the
MST and survival curves of treated mice from
those of the control mice was established by using
Student’s r-test and the generalized Wilcoxon test,
respectively.

Condition of Primary Tumors in Autochthonous C57BL/6 Mice at the Time of

Group of No. of Operation Mear; ‘:eight (2)
treatment mice Day§ z}fteF MCA of tumors
injection removed
Op alone 35 127115 2.6410.67
Op+CY 27 126 =18 2.940.60
Op+IL-2 24 12711 2.46+0.60
Op+CY+IL-2 20 130£17 3.02£0.81
Total 106 12716 2.75£0.67
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REsULTS

Effects of Combination Treatment with CY
and IL-2 on MCA-induced Tumor in Autoch-
thonous C37BL/6 Mice withoat Surgery
Tumors developed between 80 to 100 days
after the MCA injection. A number of the
autochthonous tumor-bearing mice were
treated with CY or/and IL-2 when the tumor
had reached 8 to 10 mm in diameter without
the surgical removal of the primary tumor.
The MSTs of mice were found to be pro-
longed in the groups of mice given the CY
chemotherapy alone or CY plus IL-2, al-
though no mouse survived after the treatment

(Table II). We observed macroscopical pul-
monary metastases in 6 out of 20 unireated
mice (30%) after the mice had died. The
incidence of pulmonary metastasis was
decreased in mice treated with the combina-
tion of CY and IL-2, while the incidences did
not change in mice treated with either CY or
IL-2 alone.

Effects of Combination Treatment with CY
and IL-2 on Local Recurrence and Pulmonary
Metastasis after Surgery Twenty-eight out
of 35 mice (80%) died of locally recurrent
tumor and/or pulmonary metastasis in the
group treated with surgery alone. The inci-
dence of dead mice decreased in the groups

Table II.  Effects of Combination Treatment with Cyclophosphamide (CY) and Human Re-
combinant Interleukin-2 (IL-2) on Methylcholanthrene-induced Primary Tumors in Autochtho-
nous C57BL/6 mice without Operation

5 Positive?
Treated” with Died/treated (%) M_STdi Sp® b
. 1n days metastasis (%)
None 20,20 (100) 19+9 6/20 (30)
CY alone? 10/10 (100) 30+10* 6/10 (60)
IL-2 alone? 10/10 {100) 258 5/10 (50)
CY+IL2? 12/12 (100) 34+10* 1/12** (8)

@) Methylcholanthrene in oil (1 mg/0.1 ml) was injected im into the right hindlimb of mice and the initial
treatment with either CY or IL-2 was carried out when tumor had reached 8 to 10 mm in diameter.

b) Mean survival time in days and standard deviation after the initial treatment.

¢) Macroscopic metastasis was evaluated by autopsy when the mice had died.

d} CY (150 mg/kg) was administered iv.

e) IL-2 (5X10* JU/day) was administered ip for 5 days.

f) IL-2 was initiated 5 days after CY.

*  Statistically significant difference as compared with the untreated group (P<0.05).

*: Statistically significant difference as compared with the group of mice treated with CY alone or IL-2
alone (P<C0.05).

Table III. Effects of the Combination Treatment with Cyclophosphamide (CY) and Human Re-
combinant Interleukin-2 (IL-2) on Local Recurrence and Pulmonary Metastasis after the Surgical
Removal (Op) of Methylcholanthrene-induced Tumors in Autochthonous C57BL/6 Mice

Treated” Recurrence/treated Metastasis/without Died/treated MST=+SD?
with (%) recurrence (%) (%) in days
Op alone 14/35 (40) 14/21 (67) 28/35 (80) 53+40
Op+CY? 13/27 (48) 9/14 (64} 22727 (82) 66139
Op+IL-2? 10/24 (42) 7/14 (50) 17724 (71) 58+24
Op+CY+IL-2 6/20 (30) 4/14 (29* 10/20 (50)** 65130

@} Methylcholanthrene in il (1 mg/0.1 ml) was injected im into the right hindlimb of mice and the primary tumor
was surgically removed when it had reached 8 to 10 mm in diameter.

&) Mean survival time and standard deviation of dead mice.

¢) CY (150 mg/kg) was administered iv 5 days after the operation.

d)y IL-2 (5X10' JU/day) was administered ip for 5 days from 10 days after the operation.

*, ok Statistically significant difference as compared with the operation alone group (¥ P<0.05, k% P<(.025),
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Fig. 1.

Survival curves of C37BL/6 mice treated with a combination of cyclophosphamide (CY)

and/or interleukin 2 (IL-2) after surgical removal (Op) of autochthonous tumors induced by
methylcholanthrene {MCA). MCA in olive oil (1 mg/0.1 ml) was injected im into the right hindlimb
of C57BL/6 mice and the primary tumor was surgically removed when it had reached 8 to 10 mm in
diameter. Then mice were treated with CY (150 mg/kg, iv) 5 days after the operation or/and with IL-
2 (5X10* JU/day, ip) for 5 days from 10 to 14 days after the operation. >, Statistically significant
difference from Op alone group by the generalized Wilcoxon test (P<<0.01).

Table IV, Effects of the Combination Treatment with Cyclophosphamide (CY) and Human Re-
combinant Interleukin 2 (IL-2) on Local Recurrence and Pulmonary Metastasis after the Surgical

Removal (Op) of Methylcholanthrene-induced Tumors in Autochthonous BALB/c Mice

Treated” Recurrence/treated  Metastasis/without Died/treated MST £SD?
with (%) recurrence (%) (%) in days
Op alone 8/10 (80) 1/2 (50) 9/10 (90) 56+25
Op+CY 5/8 (60) 2/3 (67) 7/8 (88) 57L£21
Op+IL-2 6/9 (67) 2/3 (67) 8/9 (89) 5712
Op+CY+IL-2 3/9 31 0/6 (0) 3/9 (33)** 481L11

a) Methylcholanthrene in oil {1 mg/0.1 ml) was injected im into the right hindlimb of mice and the primary tumor
was surgically removed when it had reached 8 to 10 mm in diameter.

b) Mean survival time and standard deviation of dead mice.

¢) CY {150 mg/kg) was administered iv 5 days after the operation.

d) IL-2 (53X 10" JU/day) was administered ip for 5 days from 10 days after the operation.

%, %% Statistically significant difference as compared with the operation alone group (* P<0.05, *% P<0.02).

treated with the combination of CY and IL-2
{only 10 out of 20 mice (50%) died), while
the incidence did not decrease significantly in
the groups of mice treated with CY alene or
IL-2 alone (Table IIT). The improved thera-
peutic effects seem to be due to the decreased
incidence of pulmonary metastasis, since the
frequency of mice that died of metastasis was
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significantly suppressed as compared with that
in the group of mice treated with surgery
alone (29% vs. 67%). A single treatment with
either CY or IL-2, however, tended only to
prolong the survival time of mice which ulti-
mately died. The survival curves in Fig. 1
indicate that CY chemotherapy or IL-2 im-
munotherapy after the surgery inhibits the
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Table V. Extent of Pulmonary Metastasis in Dead C57BL/6 Mice
Treated® Total Died of recurrence Died of metastasis
l;:ﬁl? Positive met./ MNMY Positive met./ MNM? No, of MNM?*
died (%) (MWL)  with rec. (%) (MWL) mice (MWL)
Op alone 19/28 (68) 12.1E£16.6 5/14 (35) 4,7£13.2 14 19.6 £16.6
(4451+435) (257210 (634£522)
Op+CY? 14/22 (64) 7.8 1106 5/13 (39) 3.51+6.0 9 13.1x13.5
(309+135) (247104) (399+£129)
Op-+1L-2° 10/17 (59) 89+16.2 3710 (30) 0.6-1.1 7 20.7+20.5
(412+347) (223+90) (682:-407)
Op+CY?+1L-29 7/10 (70) 15.7%21.8 3/6 (50) 2.2%25 4 36.0£22.4
(535+459) (2801 163) (918£513)

a) Methylchalanthrene in oil (1 mg/0.1 ml) was injected im into the right hindlimb of mice and the primary
tumor was surgically removed when it had reached 8 to 10 mm in diameter,
5) Mean number of metastatic nodules in lung of dead mice. The value in parenthesis is the mean weight

(mg) of lung.

¢} CY (150 mg/kg) was administered iv 5 days after the operation.
d) IL-2 (5X10* JU/day) was administered ip for 5 days from 10 days after the operation.

early death of mice after surgery, although the
generalized Wilcoxon test established a sig-
nificant difference in the survival curve com-
pared with that of the control group only in
the group treated with the combination (P<
0.01). We have observed the same grade of
therapeutic effect of the combination of CY
and IL-2 in an experiment in which we used
BALB/c mice (Table IV), although the
number of mice was not large enough to
obtain a precise evaluation.

We examined pulmonary metastasis after
the mice had died (Table V). There is no
difference in the frequency of metastasis
among the groups of dead mice. The extent of
metastasis was estimated in terms of the mean
number of nodules on the surface of the lung
and the mean lung weight of dead mice. We
observed that the extent of metastasis was
smaller in mice which died of local recurrence
of tumors than in mice wihtout local recur-
rence of the tumor. The extent was greater,
however, in mice treated with the combina-
tion of CY and IL-2 than in mice of other
treated proups when the dead mice were com-
pared. This finding indicates that there are
heterogeneous populations of metastatic
tumor cells, a number of which are sensitive
to the combination treatment of CY and IL-2,
while others are strongly resistant to the treat-
ment.
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Chronological Changes of Antitumor Cyto-
toxicity of Spleen Cells Obtained from
Treated Mice The cytotoxicity of fresh spleen
cells obtained from the treated mice was ex-
amined against YAC-1 cells by means of a
chromium release test. The estimated NK ac-
tivity was inhibited in untreated tumor-
bearing mice to about half the level in normal
mice. The activity of spleen cells from mice
treated by surgery alone did not change. The
NK activity of spleen cells was suppressed
further by CY chemotherapy following surgi-
cal treatment (Fig. 2). The suppression of NK
cell activity following surgery and the CY
chemotherapy was apparently restored by the
administration of IL-2, The LAK precursor
cells were also restored by the administration
of IL-2 in mice which had been treated by
surgery alone or by surgery plus CY (Fig. 3).
The level of the LAK precursor activity in
the spleens obtained from untreated tumor-
bearing mice was lower than in that from
normal mice. The activity was suppressed 3
days after the surgical removal of the tumor,
although it tended to recover thereafter with-
out any further treatment. The LAK pre-
cursor activity was strongly suppressed, how-
ever, in mice treated with CY 5 days after
the operation. It was noteworthy that the
suppressed activity of LAK precursor was
already restored one day after the administra-
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Fig. 2. Chronological changes of cytotoxic activ-
ity against YAC-1 cells of fresh spleen cells ob-
tained from mice treated by various regimens. The
cytotoxicity was examined by a *'Cr-release test.
The activity is expressed as a percentage, based on
the activity of normal spleen cells as 1009%. ©, Op
+IL-2; ®, Op+CY FIL-2; &, Op+CY; 4, Op
alone; —, without Op. Each point is the mean of 3
or 4 values and bars indicate the standard devia-
tion.

tion of IL-2 in the groups of Op+IL-2 and
Op+CY+IL-2 as compared with that in
the groups of Op alone and Op+CY, respec-
tively. The activation of NK cells and LAK
precursor cells in spleen cells is, therefore,
not sufficient in itself for the inhibition of
growth of metastatic tumor cells, although a
combination of CY and IL-2 brought about
the activation of antitumor killer cells as well
as showing therapeutic efficacy.

DiscussioN

The results observed in this study reveal
that a combination of CY chemotherapy and
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Fig. 3. Chronological changes of cytotoxic activ-

ity against P815 cells of IL-2 activated spleen cells
obtained from mice treated by various regimens.
Spleen cells were cultured for 3 days with RPMI
1640 supplemented with 109 FCS and IL-2 (1000
JU/ml) prior cytotoxicity was examined by a *Cr-
release test. The activity is expressed as a percent-
age based on the activity of normal spleen cells as
160%. C, Op+IL-2; ®, Op+CY+IL-2; &, Op
+CY; &, Op alone; —, without Op. Each point is
the mean of 3 or 4 values and bars indicate the
standard deviation.

IL-2 immunotherapy is effective on autoch-
thonous mice in which tumors have been
induced by methylcholanthrene (MCA). The
mice died of a high incidence of local recur-
rence and pulmonary metastasis of tumor cells
following the surgical removal of the primary
tumors. This tumor recurrence and the metas-
tasis model were initially reported by Wexler
and Rosenberg.”” We have previously ob-
served effects of immunotherapy with an im-
munostimulatory protein-bound polysaccha-
ride (PSKY} on local recurrent and metastatic
tumors in the autochthonous hosts.>* Only a
prolongation of the survival time but no im-
provement of survival rate among the mice
was obtained by the PSK immunotherapy,
The combination of CY and IL-2, however,
did improve the survival rate of mice as well
as prolonging the survival time through the
inhibition of pulmonary metastasis following
the operation. The inhibition of pulmonary
metastasis by the combination of CY and IL-
2 was also observed in mice whose primary
tumors were not removed (Table II). As we

Jpn. J. Cancer Res. (Gann)
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have discussed in our previous paper,” the
effects of the combination treatment of CY
and IL-2 are thought to be brought about both
by the direct cytotoxic action on tumor cells
of CY and by its enhancing action on LAK
cell accumulation in tumor tissue, The IL-2
immunotherapy alone showed only a slight
therapeutic effect on the tumors in autochtho-
nous mice, although the kinetics of antitumor
effector activities indicate that NK and LAK
precursor activities are strongly enhanced by
the administration of IL-2 alone. The CY
chemotherapy seems, therefore, to prepare
conditions in which the IL-2 immunotherapy
has a significant effect on pulmonary metas-
tasis in autochthonous hosts. The benefit of
CY chemotherapy in combination with IL-2
immunotherapy has also been reported by
others.*” Recently, Mitchell et al have
reported similar attempts to use a combina-
tion of CY and TL-2 on patients with mela-
noma.” With regard to the timing of the IL-2
administration, it needs to be initiated 5 days
after CY chemotherapy, by which time the
LAK precursor activity suppressed by CY has
been restored.

The combination of CY and IL-2 brought
about a cure in only 50% of the autoch-
thonous mice whose primary tumor had been
surgically removed, while it brought about
complete cure in almost all mice which had
been implanted with 3LL tumors, as we have
reported previously.” The therapeutic effects
of the combination of CY and IL-2 are, there-
fore, still not sufficient in themselves to deal
with autochthonous tumors as compared with
their effect on transplanted tumors. We can
consider the difference of the therapeutic
effects on tumors, difference between autoch-
thonous and transplanted tumors as follows.

First, we must take account of the tumor-
host relationship in experimental tumor
models.> ¥ The tumor-host relationship in au-
tochthonous tumors is established during a
long period of tumor development in the host,
so that the tumor-host relationship is thought
to be “natural.” On the other hand, this rela-
tionship is artificially established in trans-
planted tumors by an abrupt transplantation
of a large number of tumor cells. It is likely
that hosts are able to respond to such abruptly
transplanted tumor cells more strongly than
to tumor cells which have been growing for a
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long period in the autochthonous hosts.

Next, we have to consider the heterogeneity
of tumor cells.” ") We speculate that a primary
tumor in the autochthonous host consists of
a heterogeneous population of tumor cells,
while a transplantable tumor consists of rela-
tively homogeneous tumor cells. For instance,
3LL tumors show a similar response to CY
chemotherapy and to IL-2 immunotherapy in
individual mice, whereas the autochthonous
tumors studied in this work showed a wide
range of response among the individuals. We
believe that there is no single treatment which
is effective against all lines of transplantabie
tumors. One may fortuitously select a tumor
line which happens to be sensitive to a certain
therapeutic regimen. It does not necessarily
follow, therefore, that a result of experimental
therapy obtained by using such a selected tu-
mor line can be used to predict the result of cli-
nical treatment of cancer. Further, since au-
tochthonous tumors consist of heterogenous
populations of tumor cells, tumor cells insen-
sitive to the therapy eventually kill the hosts
after the treatment, although the treatment
can prolong the survival time of the hosts.

In view of these aspects of experimental
therapy, it is recommended to use transplant-
able tumor lines for the initial screening of a
therapeutic regimen for cancer treatment.
Several reports of experimental treatments of
autochthonous tumors in mice®* 31" and
rats'® ' have been published. It has been
believed that the treatment of an autoch-
thonous tumor is more difficult than that of
transplanted tumors in syngeneic hosts. Re-
evaluation of the therapeutics of autochtho-
nous tumors seems to be desirable before
any clinical application of an experimental
treatment is made. As we have already men-
tioned, there is a difference in efficacy between
the treatment of transplanted and autochtho-
nous tumors. The difference may provide
valuable information aboui possible thera-
peutic efficacy in clinical trials.
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