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The Anti-tumor Effects of Intra-portal Injection of Fibroblasts Genetically Engineered
to Secrete IL-12 in Murine Liver Metastasis Models
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Abstract

Augmentation of the hepatic immune system with IL-12 administration can prevent and treat liver metastasis.
Fibroblasts genetically engineered to secrete IL-12 have been shown to possess anti-tumor activity in the subcutaneous
tumor models. In this study, the anti-tumor effect of intra-portal injection of fibroblasts genetically engineered to secrete
IL-12 was investigated in murine liver metastasis models. Transfected fibroblasts (3T3-IL-12, 3T3-neo) were obtained
from NIH-3T3 cells transfected with retroviral vectors. Intra-portal administration of 3T3-IL-12 cells on day O
suppressed the tumor establishment in MC-38 liver metastasis models. In cell tracking experiment, the red fluorescent
cells were mainly detected in the liver after intra-portal injection of PKH-26-labeled 3T3-IL-12 cells, but few in other
organs. And these cells remained in the liver even after 7 days. IL-12 and IFN-y levels in the serum and in the liver
extracts were up-regulated by the intra-portal injection of 3T3-IL-12 cells. Intra-portal administration of 3T3-IL-12 cells
suppressed the establishment of liver metastasis in a2 dose-dependent manner. Intra-portal administration of 3T3-IL-12
cells on day S suppressed the growth of established tumors in MC-38 liver metastasis model. The intra-portal injection
of 3T3-IL-12 cells induced lymphocytic infiltration in MC-38 tumors. After the treatment with 3T3-IL-12 cells, IFN~y
production by splenocytes re-stimulated with irradiated parental tumor cells in vitro was significantly increased.
Specific cytotoxicities of splenocytes against parental tumor cells in vitro also were induced by intra-portal injection of
3T3-IL-12 cells. These findings suggested that intra-portal injection of IL-12-producing fibroblasts would be an

effective strategy for the treatment of liver metastasis.
Key Words  IL-12, fibroblast, liver metastasis, gene therapy

Introduction

IL-12, a disulfide-linked heterodimer consisting of 40-kDa and 35-kDa subunits, is originally produced by
macrophages, dendritic cells and granulocytes. IL-12 presents marked therapeutic effects in a wide variety of tumor
models', involving NK cells, T cells, macrophages, dendritic cells and tumor cells. IL-12 stimulates NK cells to
produce IFN-y, induces Th1 development, enhances CTL to kill tumor cells, activates macrophages, modulates activity
of dendritic cells and inhibits angiogenesis®~’. However, systemic administration of IL-12 has caused dose-dependent
and schedule-related toxicity in clinical trails. In the first clinical trial, systemic therapy of IL-12 resulted in the death of
2 patients and led to severe toxic effects in other 15 patients®,

Tahara et al started a clinical trial for melanoma, head and neck cancer, and breast cancer by weekly injections of IL-
12-producing fibroblasts at the site of palpable tumors’. We thought that intro-portal administration of IL-12-transduced
fibroblasts should be effective to induce production and localization of IL-12 in the liver. Though there are several

10 1 to our knowledge, there are

reports about systemic administration of IL-12 for liver metastasis in murine models
few reports about intro-portal administration of IL-12-transduced cells for liver metastasis. In this study, we investigated

the anti-tumor effect of intro-portal administration of IL-12-producing fibroblasts to prevent and treat the liver
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metastasis in the murine models.

Material and methods

Cell lines and mice MC-38, a poorly immunogenic C57BL/6 murine colon adenocarcinoma cell line, was kindly
provided by Dr. Steven A. Rosenberg (Nation Cancer Institute, USA). Female 6- to 10-weeks-old C57BL/6 mice were
purchased from Clea Japan (Tokyo, Japan). Mice were fed in the Institute of Experimental Animal Sciences of Osaka
University Graduate School of Medical, and routinely screened and found to be specific pathogen free.

In vivo tumor experiments  Under the anesthesia of ketamine hydrochloride (Sankyo Co., Tokyo, Japan),
C57BL/6 mice underwent laparotomy. In the liver metastasis models, tumor cells were injected into the portal vein on
day 0. After the mice were sacrificed on day 21, the liver was weighed and cut to slices each 3 mm thick. The number of
metastatic nodules was counted using a dissecting microscope. In intracutaneous tumors, mice were shaved over the
right flank and were injected intracutaneously with a tumorigenic dose of tumor cells. The growth of the intracutaneous
tumors was monitored in the next 21 days, and the tumor sizes (square millimeters) were shown as the products of the
perpendicular diameters of each tumor.

In vivo cell tracking experiment PKH-26 (Sigma Chemical Co, USA) is a red fluorescent cell linker, which was
used in vitro and in vivo cell tracking application'?. 3T3-IL-12 cells were labeled with PKH-26 as described
previouslylz. PKH-26-labeled 3T3-IL-12 cells were injected into the portal vein. After 2hr, 1, 2, 3, 5, or 7 days, the mice
were sacrificed and harvested organs were embedded in OCT compound (Sakura Funetechnical Co., Ltd., Tokyo,
Japan), and stored at —80°C stored. PKH-26-labeled cells were observed through a fluorescent microscope.

Statistical analysis  Statistical analysis of experiments was performed using Student’s t-test and ANOVA test
when involved growth of intracutaneous tumors. Data are presented as mean=®SD. P values less than 0.05 were

considered as statistically significant.

Results

IL-12 production by genetically engineered fibroblasts in vifro.  To determine IL-12 production by 3T3-IL-12
cells, 1x10° transfected fibroblasts were cultured in a 75-cm? culture dishes for 48 hr, then supernatants were collected.
IL-12 production by 3T3-IL-12 cells was 45.5+6.8 ng/106 cells/24 hr. IL-12 production by 3T3-neo cells or non-
transfected MC-38 cells was not detected, <0.05 ng/1 00 cells/24 hr.

Intra-portal administration of 3T3-IL-12 cells on day 0 suppressed the tumor establishment in MC-38 liver
metastasis models.  After intra-portal injection of MC-38 cells, 1x10° of 3T3-IL-12 cells were injected intra-portally
or intraperitoneally on day O, and the same amount of 3T3-neo cells or HBSS were injected into the portal vein as
controls at same time. The livers were removed on day 21, and the liver weight and the number of metastatic nodules
were examined. The liver weight of the mice treated with 3T3-IL-12 intraperitoneally significantly less than those of
mice treated with 3T3-neo cells (P=0.0441), and the liver weight of the mice treated with 3T3-IL-12 intra-portally also
significantly less than those of mice treated with 3T3-neo cells (P=0.0006). The numbers of metastatic nodules in the
3T3-IL-12 intraperitoneal treatment group or in the 3T3-IL-12 intra-portal treatment group were significantly less than
that in the 3T3-neo group (P<0.05).

Intra-portally injected 3T3-IL-12 cells remained in the liver, and up-regulated IL-12 and IFN-y levels in the
sera and the liver extracts. To trace intra-portally injected 3T3-IL-12 cells, 1x10° of PKH-26-labeled 3T3-IL-12
cells were injected into the portal vein, while unlabeled 3T3-IL-12 cells were used as controls. The red fluorescent cells
were observed in the liver 2hr after the injection, but few in the Iung, the brain, the kidney, the spleen and the muscle.
Further, these cells were continually observed in the liver in the next 7 days, but not in the other organs at all.

Sera and liver extracts were collected after the intra-portal injection of 3T3-IL-12 cells from day 1 to day 14. The
IL-12 levels in the serum or in the liver extracts peaked 5 days after intra-portal injection of 3T3-IL-12 cells and
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gradually decreased until 14 days. The peak of IFN-y levels in the serum or in the liver extracts occurred 7 days after the
injection, delayed a few days compared with those of IL-12. Elevations of IL-12 or IFN+y levels were not observed in
the mice injected with 3T3-neo cells into the portal vein.

Intra-portal administration of 3T3-IL-12 cells suppressed the establishment of MC-38 liver metastasis in a
dose-dependent manner.  After intra-portal injection of MC-38 cells, 3x10°, 1x10* 3x10" or 1x10° of 3-IL-12 cells
were injected into the portal vein on day 0. The significant decrease was observed at the dose of 1x10* 3T3-IL-12
cells/mouse, compared with those of the 3T3-neo group (P<0.05). The strongest anti-tumor effect was obtained in the
groups using 1x10° 3T3-IL-12 cells/mouse. Intra-portal injection of 3T3-IL-12 cells suppressed the establishment of
liver metastasis in a dose-dependent manner.

Intra-portal administration of 3T3-IL-12 cells on day 5 suppressed the growth of established tumors in MC-38
liver metastasis models. The established liver metastasis of MC-38 was treated with 3T3-IL-12 cells. After 5 days
of intra-portal inoculation of MC-38 cells, 1x10° of 3T3-IL-12 cells were injected into the portal vein. After 21 days, the
liver weight and the number of metastatic nodules examined. The liver weight and the number of metastatic nodules in
the 3T3-IL-12-treatment group significantly less than those in the 3T3-neo group (P<0.05). Intra-portal injection of
3T3-IL-12 cells on day 5 suppressed the growth of established tumors in MC-38 liver metastasis models.

Histological expression of liver with MC-38 metastasis showed that lymphocytes slightly infiltrated in the MC-38
tumors of the HBSS group or the 3T3-neo group. There were, however, lymphocytes markedly infiltrated in the MC-38
tumor of the 3T3-IL-12-treatment group. The intra-portal injection of 3T3-IL-12 cells induced lymphocytic infiltration
in MC-38 tumors.

IFN~y production by splenocytes re-stimulated with irradiated parental tumor cells was increased after the
treatment with 3T3-IL-12 cells.  Splenocytes harvested from mice with liver metastasis of MC-38 in each treatment
group were re-stimulated in vitro for 48 hr with 20 Gy irradiated parental tumor cells or YAC-1 cells to evaluate their
ability to produce IFN-y and IL-4. IFN-y production by splenocytes from mice with liver metastasis of MC-38 was
significantly increased in the 3T3-IL-12-treatment group as compared with in the 3T3-neo group (P<0.05). After these
splenocytes were re-stimulated with irradiated YAC-1 cells that were used as non-specific controls, IFN+ production by
these splenocytes was not significantly increased. No significant difference of IL-4 production was observed among
these treatment groups. These results suggest that the treatment of 3T3-IL-12 cells induced a Th]l immune response
specific to the parental tumor cells.

Specific cytotoxicities against parental tumor cells were induced by intra-portal injection of 3T3-IL-12 cells.
Splenocytes were harvested from mice with liver metastasis on 14 days after implantation of tumor cells in each
treatment group. Splenocytes from mice with liver metastasis of MC-38 presented a trend of increased cytotoxicities
against parental cells after the treatment of 3T3-IL-12 cells, and a significant difference was observed between 3T3-IL-
12 cells and 3T3-neo cells treatment groups (P<0.05). Cytotoxicities against MC-38 cells were higher than that against
YAC-1 cells that were used as non-specific controls. There was a significant difference between cytotoxicities against
MC-38 cells and against YAC-1 cells. Similar results were obtained using liver mononuclear cells derived from mice
with liver metastasis. These results suggest that the treatment of 3T3-IL-12 cells induced specific cytotoxicities to the

parental tumor cells.

Discussion

According to the previous observations in animal models, it is suggest that IL-12 is a promising candidate reagent
using in the tumor immunotherapy® " '*'°_ In our study, micro-foci of liver metastases were detected histologically and
grossly on day 3 after intra-portal injection of MC-38 cells. We injected rIL-12 from day 3 to confirm that
intraperitoneal or intrasplenic injection of rIL-12 was efficient on suppress MC-38 tumor growth of liver metastasis.

Moreover, intraperitoneal or intra-portal administration of 3T3-IL-12 cells on day O also caused an anti-tumor effect to
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suppress liver metastasis of MC-38. Though there was not a significant difference between the anti-tumor effects of
intraperitoneal administration and intra-portal administration of 3T3-IL-12 cells, intra-portal administration of 3T3-IL-
12 cells seemed to be better.

After intra-portal injection of 3T3-IL-12 cells, 3T3-IL-12 cells were observed in the liver, but few in other organs.
These cells remained in the liver in the next 7 days. Further, intra-portal injection of 3T3-IL-12 cells maintained the
higher levels of IL-12 and IFN-y in the serum and the liver extract at least during two weeks. These results suggested
intra-portal injection of 3T3-IL-12 cells induced a selective localization of 3T3-IL-12 cells and these cells produced IL-
12 in the liver.

The anti-tumor effect of intra-portal injection of 3T3-IL-12 cells was confirmed in several liver metastasis models.
At first, intra-portal injection of 3T3-IL-12 cells on day O suppressed the establishment of MC-38 liver metastasis. In
B16-BL6 (murine melanoma) or Panc-02 (murine pancreas adenocarcinoma) liver metastasis models, intra-portal
injection of 3T3-IL-12 cells on day O also suppressed the tumor establishment (data not shown). Then we showed that
intra-portal administration of 3T3-IL-12 cells suppressed the establishment of MC-38 liver metastasis in a dose-
dependent manner. It was suggested that the amounts of IL-12 produced in the liver was important for this anti-tumor
effect. Moreover, after 5 days of intra-portal injection of tumor cells, when the micro-foci of liver metastases had
formed, intra-portal administration of 3T3-IL-12 cells was also effective in the established liver metastasis of MC-38.
Intra-portal administration of 3T3-IL-12 not only suppressed the establishment of liver metastasis, but also suppressed
the growth of established micro-foci of liver metastases.

Localization of IL-12 production at the tumor site could have an advantage over systemic treatments by inducing
an immune response against regressing tumor without the need for circulating high levels of IL-12'S. Regional
application of IL-12 has been examined in subcutaneous tumor models using the peritumoral injection of fibroblasts
engineered to secrete IL-12 to activate a local anti-tumor immune response which also promoted systemic immune

17, 18 4nd the amount of

protection specific to the tumor cells'® ', It was reported that IL-12 directly effect on tumor cells
IL-12 made available at the tumor site is critical for tumor regression'’, so this strategy appears to have greater
advantage over systemic administration for liver metastasis. Systemic administration of IL-12 has caused dose-
dependent and schedule-related toxicity in the clinical trails® °. The local administration of IL-12 producing cells at
tumor site is believed to be effective in minimizing side effects, because there is with lower systemic concentration of
IL-12!% 2", Recently, a phase I clinical trial showed that peritumoral injection of IL-12-transduced fibroblasts was
feasible in patients with advanced breast cancer’>. Clinically significant toxicities were not encountered, and transient
but clear reductions of tumor sizes were observed in four of nine cases?. ]

As a summary, intra-portal injection of IL-12-producing fibroblasts into liver may be an effective strategy for the

treatment of liver metastasis.
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