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ORIGINAL ARTICLE
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Antitumor and antimetastatic effects of interleukin 12

Abstract Interleukin 12 (IL-12) has a pivotal role inboth the lung and lymph nodes. Even in mice showing signs
controlling cell-mediated immunity through a number odf lymph node metastases or invasion of the abdominal wall
important biological activities, such as secretion of intebefore primary tumor resection, rIL-12 administration fol-
ferony (IFN-y). In this review, we report our recent resultdowing tumor resection prevented further invasion into the
regarding the antitumor and antimetastatic effects of IL-1@eritoneal cavity and metastatic tumor cell growth in the
Five intraperitoneal injections of recombinant IL-12 (rIL{ung. Our results demonstrate that administration of rlL-12
12) into mice bearing subcutaneous tumors (CSA1M fibrée tumor-bearing mice results in tumor regression through
sarcoma) induced complete tumor regression, irrespectimechanisms involving efficient IFN-production by anti-

of whether tumors were at early or late stages of growttumor T-cells at tumor sites in situ and the establishment of
Furthermore, IL-12-treated mice that had rejected tleetumor-specific protective immune response. The results
primary tumor exhibited complete resistance to rechallengkso indicate that IL-12 can induce a curative immune
with the same tumor but did not reject a second syngene@sponse in the face of an aggressive micrometastasizing
tumor. Immunohistochemical analyses following IL-12umor.

treatment revealed that CB4nd CD8 T-cells had infil-

trated the tumor. More importantly, IFMMMRNA expres- Key words Interleukin 12 (IL-12)- Interferony (IFN-y) -

sion was observed in fresh tumor masses from tumdkntitumor effect- Antimetastatic effect

bearing mice receiving IL-12 treatment. The importance

of IFN-y was further demonstrated by the observation that

systemic administration of anti-IFMmonoclonal antibody
prior to IL-12 treatment completely abrogated the antitumdntroduction

effect of IL-12. We next investigated the ability of rIL-12 to

modulate the outgrowth of metastatic tumor cells in af growing body of evidence indicates that interleukin 12
ovarian carcinoma (OV-HM) model. This aggressive tumdtL-12) [8, 14] has pleiotropic effects on T-cells and natural
showed rapid growth of the primary tumor mass, a hidtiller (NK) cells, including stimulation of lymphokine
incidence of metastases to the lung and lymph nodes, grdduction and promotion of cytolytic activity (reviewed
invasion from the primary subcutaneous site into tha[1, 16]). Based on its biological activities, IL-12 has been
peritoneal cavity. At approximately 1 month after tumoexamined for its capacity to induce an antitumor effect, and
implantation, primary tumors in animals without palpabléherapeutic activity has been observed in various murine
lymph nodes were surgically resected. When examinediugnor models [1, 2, 11, 12, 17]. The effects observed in
months later, most animals had developed lymph node ahése models included substantial growth inhibition and
lung metastases. In contrast, rlL-12 injections followingrolongation of survival [2, 11]. In addition, IL-12 was
tumor resection inhibited the development of metastasesoinserved to have an antimetastatic effect against experi-
mentally induced metastases; IL-12 treatment reduced the
incidence of pulmonary and hepatic metastases after in-
Work presented at the 11th Bristol-Myers Squibb Nagoya Internatiorf&avenous injection of tumor cells [2, 11]. However, IL-12
Cancer Treatment Symposium “Cytokines and New Anticancer Agemgas not examined for its ability to inhibit spontaneous
on the Horizon of Oncology”, 2425 November 1995, Nagoya, JappRetastasis. In contrast to metastases induced experimen-
H. Fujiwara (1) - T. Hamaoka tally in normal mice by i_ntrgvenous injection of tumor ce!ls,'
Biomedical Research Center, Osaka University Medical School, 2_£pon_taneous mEtaSta.SIS s thought to occur in aS.SOC|at|0n
Yamada-oka, Suita, Osaka 565, Japan with immunosuppression induced in the tumor-bearing state
Fax: +81 6 879-3989 [4, 9, 15, 18].
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In this review we present the results of our studies of thég. 1 Effect of in vivo IL-12 treatment on tumor growth in various
antitumor and antimetastatic effects of IL-12. The resulf¢mor mo"g('i-t:n'-e‘cl)ﬁsa; ?}-%%g’}’gstu?%erg g‘ttrtﬁgeirri]tgir;:?e”é’ :i%g‘sfcé o
show that complete tumor regression can be Induc,ed m_t\%&ay (‘i:]ntseurvals). Tumor grc?wth was expressed as the mean diameter
of three tumor models and that in a tumor model in which Sg of 5 mice/groupwhite circlesControl mice black circleslL-12-
spontaneous metastasis occurs, administration of IL-&&ated mice)
following resection of a primary tumor results in marked
inhibition of the outgrowth of metastasizing tumor cells.

The results are discussed in the context of various factéhnerefore, it is unlikely that the efficacy of IL-12 treatment
determining the efficacy of IL-12. is due solely to the presence of tumor rejection antigens.

Tumor regression requires T-cell participation and is
associated with the establishment of tumor-specific
immunity

Induction of complete tumor regression or tumor growth
inhibition

Local or systemic delivery of IL-12 has potent antitumoFfo determine the involvement of T-cells in tumor regres-
efficacy in mice bearing a variety of malignancies [1, 2, 15jon, we examined the effect of T-cell subset depletion on
12, 17]. We examined the antitumor effect of IL-12 in thre-12-mediated tumor regression in the CSA1M model
tumor models: virus-induced CSA1M fibrosarcom§20]. Tumor regression was found to be inducible in either
(BALB/c origin) [20], radiation-induced OV-HM ovarian anti-CD4 or anti-CD8 monoclonal antibody (MAb)-treated
carcinoma [(C57BL/6< C3H/He)F1 origin] [10], and mice. However, simultaneous administration of these MAbs
chemical carcinogen-induced MCH-1-Al fibrosarcomg@epletion of both CD4 and CD8 subsets) resulted in
(C3H/He origin) [19]. Systemic IL-12 administrationcomplete abrogation of the IL-12-mediated antitumor ef-
(0.5 ug on 5 occasions) induced complete regression fefct, indicating that this effect can be mediated by either the
CSA1M and OV-HM tumors (Fig. 1A, B) [10, 20]. ThisCD4 or CD8 T-cell population.
regimen was effective and elicited complete regression We next determined whether the tumor-free state con-
even in CSA1M tumors growing for as long as 50 daytnued for 1 month after complete tumor regression in mice
after tumor implantation [20]. The OV-HM tumor exhibitecthat had received IL-12 therapy in the CSA1M and OV-HM
higher growth rates, generating tumor masses as largemasdels. CSA1M mice in which tumors had regressed were
16—-20 mm in diameter at approximately 1 month afteechallenged with the same CSA1M tumor cell line or with
tumor implantation. However, these OV-HM tumors alsanother BALB/c syngeneic Meth A tumor cell line. All
regressed completely with IL-12 treatment. mice initially bearing CSA1M tumors that were treated
In contrast, the same IL-12 treatment protocol failed with riL-12 rejected a second challenge with CSA1M
elicit regression of MCH-1-Al tumors (Fig. 1C) [19].tumor cells. However, the growth of Meth A tumors was
Significant suppression of tumor growth was observewt blocked in similarly treated mice [20]. The acquisition
only during treatment; once treatment ended, tumor growdh tumor-specific immunity was also found in mice in
resumed at growth rates similar to those of control tumomshich the regression of OV-HM tumors had been induced
The existence of tumor rejection antigens on MCH-1-AlL0]. These results indicate that IL-12 therapy induces
cells has been demonstrated in our earlier study [13mor regression and that this regression is associated
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administration of riL-12 Mo No of stes e @ No.of noades.
Primary OV-HM tumors were surgically resected in mice at  “™ . B o
approximately 1 month after tumor implantation. Although 3 4 10-4.9 31
no palpable lymph node was observed in these mice upon 4 4 08-37 26
tumor resection, all exhibited lymph node enlargement at : . e °
some or all of the four sites examined (bilateral axillary and 7 2 09, 28 0
inguinal) within 1 month of tumor resection [7]. Moreover, ™=} : 0. 21 .
a high incidence of nodule formation in the lungs was 3 o _ 0
observed at autopsy at 2 months after tumor resection [7]. 4 0 - 0
Thus metastasis to lymph nodes and the lungs occurs at . . i .
approximately 1 month after tumor implantation in this 7 0 - 0

tumor model.

We mvgs'ugated \,Nhether SYStem'C riL-12 adm_'ms,tr,atloﬂg. 2 Experimental protocol and inhibition of metastasis by post-
after surgical resection of a primary tumor could inhibit thgperative administration of riL-12. Metastasis was determined by
development of metastases. Mice bearing OV-HM tumopalpation of lymph nodes at 4 sites (bilateral axillary and inguinal).
of similar sizes without pa|pab|e |ymph nodes (|ymph nodéalpable_ lymph nod_es were removed and weighed individually. The
metastasis-free on physical examination) were prepar%@itef‘:gm”ggg'%? twrebeogxél‘er;ﬁnfrﬁiscg"%ﬁCfe”(;‘merated' Results are
and tumors were resected at 36 days after implantation.
Half of the mice were given rlL-12 intraperitoneally 12
times every other day; the remaining mice were not treated.

Figure 2 compares the extent of metastases producedenlarged) lymph nodes, only the primary tumor mass was
the lymph nodes and lungs of control and IL-12-treategsected. Mice treated in these ways were divided into two
mice in a representative experiment. Metastases in lymgtoups, one of which was treated with rlL-12. Lung
nodes at more than two of four sites (bilateral axillary anuetastases and intraperitoneal invasion were examined
inguinal) were observed in all control mice but in only oneither upon tumor death or at a later postoperative time
of seven IL-12-treated mice. Lymph nodes in most contrpbint (Table 1). The results demonstrate that riL-12 admin-
mice were relatively large. In addition, multiple visibleistration is effective in inhibiting the development of lung
nodules were found in the lungs of most control mice; nomaetastases and further invasion from the abdominal wall
was found in IL-12-treated mice. These results indicate tHato the peritoneal cavity, even in mice not undergoing
high-level multiple metastases in the lymph nodes amddical resection of a primary tumor and/or removal of
lungs can be inhibited by IL-12 treatment followingmetastatic lymph nodes. Thus, these results indicate that
tumor resection. We also confirmed that most mice treatdd12 treatment of animals with a large tumor burden
with 1L-12 following tumor resection survived for ansignificantly inhibits tumor growth.
additional 4 months without showing signs of tumor me-
tastasis and/or recurrence.

To determine whether the potent antimetastatic effect
induced in this model was specific to IL-12, we compared
the prevention of metastases by treatment with the saGedlular and molecular mechanisms underlying the
dose of rlL-2 and rIL-12. We found that whereas IL-12ntitumor effect of IL-12
elicited potent antimetastatic effects, IL-2 administration
failed to prevent the development of metastases [10]. Th@gllular mechanisms of the antitumor effects mediated by
IL-12 is a specific cytokine that can potently inhibilL-12 have been investigated in a number of tumor models
spontaneous metastases in this tumor model. [2, 11, 12, 17, 20]. The majority of studies, including ours

During the course of these studies, we also found th20], have indicated that T-cell involvement is important.
some animals had a tumor mass invading the abdomi@ie of the biological properties critical for the antitumor
wall and/or enlarged lymph nodes, probably due to metasffects of IL-12 is the ability of this cytokine to induce
tasis at the time of surgery. We examined whether riL-literferony (IFN-y) production in T-cells and NK cells.
administration could protect such mice from the outgrowtHigh levels of IFNy have been detected in normal and
of metastatic tumors in the lungs and/or of tumors invadirtgmor-bearing mice following IL-12 administration [3]. We
the abdominal wall/peritoneal cavity (Table 1). In mice thdiave demonstrated that administration of IL-12 in vivo
bore tumors adhering to the abdominal wall, as much tumiaduces marked enhancement of the capacity of T-cells to
tissue as possible was resected. In mice with metastgifoduce IFNy [20]. This was shown by enhanced IRN-
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Table 1 Inhibition of lung metastasis/intraperitoneal invasion byumor masses; and (c) produces an effector cytokine,yFN-
postoperative [L-12 administration in mice that had undergone noggnstitutively at tumor sites in situ. This has been demon-
radical primary tumor resectien strated by the high levels of T-cell infiltration and consti-

Expt Mouse Lymph node Lung metastasis Intra- tutive IFN-y expression within tumor masses. Furthermore,
metastasis (mémlbef) of peritoneal  these events lead to in situ expression of several genes that
— nodules Invasion H H e . . . .
Number Weight are likely to inhibit tumor growth, including an inducible

type of nitric oxide synthase (iNOS) [19]. That intratumoral

ofstes © expression of IFN¢ is important is demonstrated by the
A Control 21 i’ 11;‘_33 2383 - finding that anti-IFNy MAbs inhibit in situ expression of
3 4 20-48 8 + iINOS without affecting cellular infiltration or IFN-mRNA
4 4 1.4-44 10 - expression. Ultimately, this antibody blocks IL-12-
Treated 1 4 01-12 0 - mediated tumor regression. It is also noteworthy, again,
é i 82:22 8 - that massive infiltration of T-cells was seen in both CSA1M
11 07 0 B and OV-HM tumor masses in IL-12-treated mice, whereas
only slight cellular infiltration was observed in MCH-1-Al
B Control 21 j f-f‘g’g g N tumor masses [19]. These observations indicate that tumor
3 4 09-43 4 _ rejection correlates with the capacity of T-cells to migrate
4 3 0.8-39 11 + to tumor sites, suggesting that this process is a critical
Treated 1 2 04-05 0 - factor. The overall antitumor efficacy of IL-12 would be
g é 8-4 8 N determined by the effective operation of each of the above-
20 0 0 _ mentioned processes.

@ Tumor resection was performed 36 days after tumor implantationcknowledgements The authors are grateful to Miss Yumi Yano and
Mice in experimentExp) A had enlarged (metastatic) lymph nodes ors. Kazuyo Kanazawa for their secretarial assistance.

resection of the primary tumor. Mice in Expt B had a primary tumor

invading the abdominal wall and, therefore, tumor resection was

incomplete. All mice were killed 48 days after tumor resection,

when metastasis and tumor resection were examined
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