
Abstract. Despite attempts to use multiple drug combinations
that include gemcitabine (GEM), there is very little evidence
that these combination regimens are superior to the single use
of this agent. We therefore investigated the suppressive effect
of the combination of systemically administered GEM and
locally administered interleukin-2 (IL-2) on liver metastasis
in pancreatic cancer. Tumor-bearing mice were randomly
divided into four groups: a control group, an IL-2 intra-
splenic (is) administration group, a GEM intraperitoneal (ip)
administration group, and a GEM ip+IL-2 is group. Liver
weight, liver metastases, and tumor diameter (as assessed by
the Winn assay) were compared among groups. Liver weight
was significantly lower in the GEM+IL-2 group than in the
control and IL-2 groups. The number of liver metastases
was significantly reduced in the GEM+IL-2 group compared
with all other groups. Splenocyte production of interferon-γ
increased significantly in the GEM+IL-2 group after stimu-
lation with Concanavalin A. Furthermore, tumor diameter
was significantly reduced in the GEM+IL-2 group in the
Winn assay when compared to that of the control group.
These findings suggest that a combined regimen of GEM and
portally administrated IL-2 might prevent liver metastasis
in pancreatic cancer patients more effectively than current
approaches and could prove useful as a postsurgical adjuvant
therapeutic.

Introduction

Pancreatic cancer has a poor prognosis, even when resectable,
because of its high frequency of recurrence, including liver

metastasis after surgical resection. In recent years, the nucleo-
side analog gemcitabine (GEM) has attracted considerable
attention as a chemotherapeutic for non-resectable progressive
pancreatic cancer; however, the efficacy rate remains low at
5-18% (1-4). Despite attempts to use multiple drug therapies
that include GEM, there is little to support the premise that
GEM-containing combination regimens are superior to sole
use of this agent (1-8; Heinemann et al, Proc ASCO 22: abs.
1003, 2003). In addition, the effect of adjuvant chemo-
therapy with GEM after surgical resection has not been
established (9). As a result, there are few effective approaches
to the treatment of liver metastasis in pancreatic cancer, even
after surgery, and there is an urgent need for the development
of new therapeutic modalities. 

Barriers to the development of more effective agents
include decreased host immunological competence associated
with administration of anticancer agents. However, studies
that have evaluated the effect of multiple drug combination
therapy on liver metastases in hepatocellular and colorectal
carcinomas have found that the combined use of chemotherapy
and immunotherapy [e.g., fluorouracil (5-FU) and interferon-α
(IFN-α), 5-FU and interleukin-2 (IL-2), etc.] provides better
therapeutic outcomes than treatments with a single anticancer
agent (10,11). GEM, the first-line treatment for unresectable
pancreatic cancer, induces apoptosis and exerts anti-tumor
effects (12), and creates a beneficial situation wherein anti-
gen presentation potentiates anti-tumor immunity. In solid
carcinomas of the digestive tract, such as pancreatic cancer, it
is highly probable that cancer cells, which cannot be excluded
from the immune system, are selectively augmented. Since
such carcinomas are essentially considered to have low
immunogenicity, anti-tumor immunity can be further activated,
and the tumor eliminated, if a cytokine that strongly activates
the immune system is administered simultaneously with
GEM. 

IL-2 is a potential candidate for cytokine treatment due
to its activation of anti-tumor immunity in solid low-anti-
genicity carcinomas of the digestive organs. However, single-
agent IL-2 is predicted to have limitations (13). When IL-2 is
administered systemically, its concentrations at local tumor
sites possibly remain suboptimal, thereby limiting the anti-
tumor effect. Furthermore, systemic administration leads to
side-effects, i.e., influenza-like symptoms and capillary leak
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syndrome (14-17). Thus, local administration of a cytokine is
considered an efficient means of attaining adequate cytokine
concentrations at local tumor sites and of minimizing toxic
side-effects. The liver is an immunocompetent organ (18),
and it is highly probable that local administration of IL-2 for
the prevention or treatment of liver metastasis more efficiently
activates local immunocompetent cells and decreases systemic
side-effects. It is also highly probable that tumor antigens
are released from tumor cells in which apoptosis has been
induced by GEM administration, and that their incorporation
by antigen-presenting cells is increased, thereby enhancing
the differential derivation of cytotoxic T lymphocytes (CTL)
by locally administered IL-2. 

The effect of combination therapy, primarily as an
adjuvant treatment strategy, on systemically administered
GEM and locally administered IL-2 on liver metastasis, was
investigated using a metastatic mouse model of pancreatic
cancer. A decrease in the development of liver metastasis in
this murine model of highly refractory pancreatic cancer was
used as a measure of the suppressive effect of the combined
chemotherapy and immunotherapy regimen. 

Materials and methods

Pancreatic cancer cell strain. The murine pancreatic cancer
tumor cell strain used was PAN02 (ductal adenocarcinoma,
pancreatic cancer derived from C57BL/6J mice), which was
provided by the National Cancer Institute-Frederick Cancer
Research and Development Center. Standard medium was
prepared by mixing 10% fetal calf serum with RPMI-1640
(Gibco, Gaithersburg, MD, USA) containing 100 IU/ml
penicillin G, 100 μg/ml streptomycin, and 0.25 μg/ml ampho-
tericin B. The cells were cultured at 37˚C in 5% CO2. The
sensitivity of GEM as an anticancer substance was evaluated
at 72 h by MTT assay. The MTT assay conformed to the
modification of the method (19-21) reported by Mosmann (22)
i.e., the 3-(4,5-dimethylthiazol-2 yl)-2,5-diphenyl-2H tetra-
zolium bromide (MTT) method. A suspension of 5x104 cells
per ml of standard medium was prepared, and 200 μl of the
suspension per well (104 cells/well) were dispersed on a
96-well microplate. The plate was pre-incubated for 24 h at
37˚C in an environment of 5% CO2. After pre-incubation,
the final concentration was set at that (10-100 ng/ml) for
GEM. After continuous contact for 72 h, the MTT assay was
performed; the MTT reagent was added after culture, and the
mixture was allowed to react for 4 h at 37˚C. The MTT reagent
was adjusted by mixing 3-(4,5-dimethylthiazol-2 yl)-2,5-
diphenyl-2H tetrazolium bromide (Sigma, St. Louis, MO,
USA) with 0.1 mol/l sodium succinate at a proportion of 1:1.
Dimethyl sulfoxide was also added, and the MTT formazan
salt, which was formed by shaking the microplate on the
mixer (Model 250, Sonifier, Branson, MO, USA) for several
min, was dissolved, thereby allowing emission. Absorbance
was determined at 570-630 nm with an EAR easy reader
(SLT-Lab Instruments, Salzburg, Austria). The wells without
MTT reagent or succinic acid were used as ‘blanks’, and the
rate of tumor growth suppression was obtained from the
formula: [1-(mean absorbance in the treatment group - mean
absorbance for blank)/(mean absorbance in the control group -
mean absorbance for blank)] x 100 (%). The mean rate for 4

wells was calculated. Curves were prepared from drug
concentrations and the rate of tumor growth suppression,
and a sample regression equation (y = a + bx) was introduced
to correlate the drug concentration (x) and the rate of growth
suppression (y). The concentration at which tumor growth
was suppressed in 50% of the growing cells (IC50) was obtained
from the formula: IC50 = (50 - a)/b.

The rate of tumor growth suppression for PAN02 was
5.0% with GEM (freeze-dried product supplied by Eli Lilly
and Co., Indianapolis, IN, USA) at 10 ng/ml. The rates were
38.6, 57.7, and 85.1% at 50, 80, and 100 ng/ml, respectively,
showing the anti-tumor effect of GEM to be dependent on
the concentration (Fig. 1).

Animals. All uses of experimental animals conformed to the
experimental guidelines established by the Keio University
School of Medicine. Six-week-old C57BL/6J female mice,
each weighing 20-22 g, were purchased from the Saitama
Experimental Animal Center, and used in the present study.
All the mice were housed in a room with an illumination
cycle of 8:00-20:00 and were allowed water ad libitum for
1 week before use at our Experimental Animal Center.

Preparation of liver metastasis of pancreatic cancer models.
Anesthesia was administered by intraperitoneal injection of
0.08 mg of pentobarbital (Dainippon Pharmaceutical Co.,
Ltd., Osaka, Japan) per gram of body weight. After intra-
peritoneal injection of pentobarbital, an incision of ~2 cm was
made aseptically on the right hypochondrium for laparotomy.
The portal vein was identified and exposed. PAN02 cells
suspended in PBS were injected in a volume of 50 μl into
the portal vein using a 250-μl syringe with a 30-G needle.
After confirmation of the absence of hemorrhage from the
injection site, the abdominal incision was closed with metallic
clips (Autoclip; Clay Adams, Parsippany, NJ, USA). The cell
count injected was determined in a preliminary experiment.
The survival rate 30 days after PAN02 cell transplantation was
100% with: Group A, 5x104 cells (n=5); Group B, 1x105 cells
(n=5); Group C, 2x105 cells (n=5); and Group D, 5x105 cells
(n=7). The rate with Group E, 1x106 cells (n=7), was 71.4%.
The rates 60 days after transplantation in Groups A, B, C, D
and E were 80, 60, 20, 0 and 0%, respectively (Fig. 2). When
5x105 cells of Group D were injected into the portal vein, the
liver metastasis showed diffuse proliferation with a strong
tendency toward fusion 2 weeks later, suggesting the metastatic
disease in this model to be stable, making it an appropriate
liver metastasis model for the present study. 

Preparation of murine models of IL-2 injection into the portal
vein. IL-2 was used with the aim of increasing the regional
tumor immunity of the liver, and it was injected repeatedly
into the portal vein. The IL-2 was a freeze-dried product
obtained from Shionogi & Co., Ltd., Osaka, Japan. The method
for repeated injection into the portal vein was essentially
modified from the previously reported method (23), i.e., a
small incision of ~1 cm was made on the left dorsal side, and
the spleen was raised outside the peritoneum. It was moved
to the space between the peritoneum and the skin, and fixed.
IL-2 dissolved in PBS was injected in a volume of 10 μl by
means of a 100-μl syringe with a 30-G needle into the spleen,
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which was punctured through the skin. IL-2 was dissolved in
PBS, divided, and stored at -80˚C until use. 

Experimental groups. Tumor-bearing mice were divided
randomly into 4 groups for the experiment (Fig. 3). 1) In the
control group (n=10), no treatment was administered after
tumor transplantation, and intraperitoneal administration of
0.1 ml of PBS was started 7 days after the transplantation.
The intraperitoneal administrations were performed every
2 days, 5 times in total. Ten days after the transplantation,
intra-splenic administration of 10 μl of PBS was started, and
was performed for 10 consecutive days. 2) In the IL-2 group
(n=10), 5,000 IU of IL-2 were diluted with PBS, and the dose
volume was set at 10 μl. Intra-splenic administration was
started 10 days after transplantation, and was performed
for 10 consecutive days. Seven days after transplantation,
intraperitoneal administration of 0.1 ml of PBS was started,
and was performed every 2 days, 5 times in total. 3) In the
GEM group (n=10), 80 mg/kg of GEM was diluted with
PBS, and the dose volume was set at 0.1 ml. Intraperitoneal
administration was started 7 days after transplantation, and
was performed every 2 days, 5 times in total. Ten days after
transplantation, intra-splenic administration of 10 μl of PBS
was started, and was performed for 10 consecutive days. 4)
In the GEM+IL-2 group (n=10), just as described above,
intraperitoneal administration of GEM was started 7 days
after transplantation, and was performed every 2 days, 5 times
in total. Intra-splenic administration of IL-2 was started 10 days
after transplantation, and was performed for 10 consecutive
days. All mice were sacrificed 28 days after transplantation of
PAN02 cells, and the number of metastases on the liver surface
and the weight of the liver were determined in each group. 

Collection of splenocytes and IFN-γ production by splenocyte-
derived (splenocytic) lymphocytes. Upon sacrifice, the spleen
of each animal was excised, sliced thinly in PBS with scissors
and ground with slide glass, and the splenocytes were isolated.
After centrifugation at 1,500 rpm (at 4˚C for 5 min), 1 ml of
lysis buffer (150 mM NH4Cl, 14 mM NaHCO3, and 0.1 mM
EDTA 1 Na) was added to initiate red cell lysis. After the
mixture had been suspended for 10 min, it was centrifuged
for 10 min at 3,000 rpm, and splenocytic lymphocytes were
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Figure 1. In vitro anti-tumor effects of GEM on a tumor cell strain of murine
pancreatic cancer (PAN02) (MTT assay). GEM exerted concentration-
dependent anti-tumor effects. The IC50 was 64.7 ng/ml.

Figure 2. The number of tumor cells administered and cumulative survival
period in models of liver metastasis using portal administration of PAN02.
The survival rate 30 days after transplantation in Group A, B, C, or D was
100%. The survival rate with Group E was 71.4%. The survival rates 60 days
after transplantation in Groups A, B, C, D and E were 80, 60, 20, 0 and 0%,
respectively. Group A, 5x104 cells (n=5); Group B, 1x105 cells (n=5); Group
C, 2x105 cells (n=5); Group D, 5x105 cells (n=7); Group E, 1x106 cells
(n=7).

Figure 3. Experimental schedules. Models of liver metastasis were prepared by portal injection of 5x105 PAN02 cells. Intraperitoneal administration of
gemcitabine (GEM; 80 mg/kg) was started 7 days after tumor transplantation. GEM was administered every 2 days, 5 times in total. Splenic administration of
IL-2 (5,000 IU/day) was started 10 days after tumor transplantation. IL-2 was administered for 10 consecutive days. The mice were sacrificed 28 days after
transplantation of PAN02 cells. 
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obtained. The concentration of splenocytic lymphocytes was
adjusted to 3x106 cells/ml in each group, and the cells were
dispersed on a 24-well plate. After addition of 2.5 μg/ml of
Concanavalin A (Con A) (Sigma) to the wells, the cells were
incubated at 37˚C for 48 h in an environment of 5% CO2.
The supernatant was collected and centrifuged at 9,000 rpm
(at 4˚C for 5 min), and the supernatant was then stored at -80˚C.
Subsequently, the concentration of IFN-γ was measured
with an enzyme-linked immunosorbent assay (ELISA) kit
(Quantikine, R & D Systems Inc., Minneapolis, MN, USA). 

Histopathological assessment. Lung and liver tissues were
excised, fixed in formalin, and embedded in paraffin for
preparation of slices. The slides were stained with hematoxylin-
eosin (HE) for the assessment of histopathology. 

Winn assay. The murine pancreatic cancer cell strain PAN02
was used for target cells. The effector cells included spleno-
cytes in the control group and the GEM+IL-2 group. The
concentration of splenocytic cells was adjusted to 1.0x109 cells/
ml and suspended in PBS. Immediately before inoculation
(transplantation) of the cells, 5x106 target (T) cells per 0.1 ml

and 1x108 effector (E) cells per 0.1 ml were mixed, and a
total of 0.2 ml of the mixed cells at an E/T ratio of 20 was
injected subcutaneously into the dorsum of each C57BL/6J
mouse. After this subcutaneous inoculation, tumor time-
course changes in size were determined from the maximum
diameter (long diameter) and the short diameter that crosses
at right angles to the long diameter (Winn assay) (24). The
tumor volume was calculated using the following formula
after measurement of the short and long diameters of the
tumor with micrometer calipers, according to the method by
Attia and Weiss (25): [(short diameter)2 x long diameter] x 0.4. 

Statistical analysis. The data are expressed as mean ± standard
error (SE). Analysis of variance (ANOVA) and Student's t-test
were used to test the significance of differences among the
treatment groups. Differences at a risk rate of <5% were
considered significant.

Results

Anti-tumor effects of the combined use of GEM and IL-2 in
models of liver metastasis of pancreatic cancer. The laparo-
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Figure 4. Findings of liver metastasis in each group. All mice were sacrificed 28 days after transplantation of PAN02 cells, and the liver was excised from
each mouse. A, Control group; B, GEM group; C, IL-2 group; D, GEM+IL-2 group.
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tomy findings observed 28 days after transplantation of
PAN02 cells showed liver metastasis in all of the mice of
each group (Fig. 4). No lung metastasis or peritoneal dis-
semination was recognized in any group. First, the weight of
the liver in murine models of liver metastasis of pancreatic
cancer was investigated. The weight of the liver was
1.69±0.08 g in the control group, 1.43±0.05 g in the IL-2
group, 1.20±0.04 g in the GEM group [significantly less than
in the control group (p<0.0001)], and 1.19±0.02 g in the
GEM+IL-2 group [showing the greatest decrease and signi-
ficantly less than in the control (p<0.0001) and IL-2 (p<0.001)
groups] (Fig. 5). The number of liver metastases was 84.4±5.0
in the control group, 35.4±3.9 in the IL-2 group, and 29.7±3.1
in the GEM group. Thus, the numbers in the IL-2 and GEM
groups were decreased significantly compared with those in
the control group. The number was 16.8±2.9 in the GEM+IL-2
group, a significant decrease as compared with those in the
control (p<0.0001), IL-2 (p<0.005) and GEM (p<0.01) groups
(Fig. 6). 

Comparison of the suppressive effects of intra-splenic
(portal) administration and systemic administration of IL-2
on liver metastasis. At different times, the suppressive effect
of systemic administration of IL-2 was compared with that of
portal administration of IL-2 in the GEM+IL-2 group. The
number of liver metastases was 3.3±0.8 in the animals in
which GEM had been administered and IL-2 had been
injected into the portal vein, while the number was 15±4.4 in
those receiving GEM and in which IL-2 had been administered
systemically. Thus, the number was significantly (p<0.05)
decreased in the former group of animals compared with that
in the latter group (Fig. 7). 

Assessment of suppressive effects according to IL-2 dose on
liver metastasis. A 5,000-IU dose of IL-2 was compared with

a dose of 10,000 IU in terms of the degree of the suppressive
effect on liver metastasis in the GEM+IL-2 group. When the
dose was 5,000 IU, the number of liver metastases decreased
to 20% of that in the control group, whereas the number
decreased to 5% of that in the control group when the dose
was raised to 10,000 IU (Fig. 8).

In vitro cytocidal effects of the combined use of GEM and IL-2
on PAN02 cells. The MTT assay was used to determine
whether the combined use of IL-2 and GEM exerts in vitro
additive or synergistic cytocidal effects on PAN02 cells. As
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Figure 5. Anti-tumor effects of the combined use of GEM and IL-2 in
models of liver metastasis of murine pancreatic cancer (PAN02) (weight of
the liver). The anti-tumor effect was expressed as the weight (g) of the liver
28 days after transplantation in each group. Liver weight was significantly
lower in the GEM+IL-2 group than in the control and IL-2 groups, but there
was no significant difference between the GEM+IL-2 group and the GEM
group. Data are expressed as mean ± SE, statistically significant (*p<0.001,
**p<0.0001) compared with GEM ip + IL-2 is group (n=10/group). ip, intra-
peritoneal administration; is, intra-splenic administration.

Figure 6. The anti-tumor effects of the combined use of GEM and IL-2 in
models of liver metastasis of murine pancreatic cancer (PAN02) (the
number of liver metastases). The anti-tumor effects were expressed as the
number of liver metastases measured 28 days after transplantation in each
group. The number was reduced significantly in the GEM+IL-2 group
compared with all other groups. Data are expressed as mean ± SE, statistically
significant (*p<0.01, **p<0.005, ***p<0.0001) compared with GEM+IL-2
group (n=10/group). ip, intraperitoneal administration; is, intra-splenic
administration.

Figure 7. Comparison of the suppressive effects of IL-2 administered locally
into the portal vein and IL-2 administered systemically on liver metastasis.
The numbers of liver metastases were 3.3±0.8 and 15±4.4 in the GEM+IL-2
(administered portally) and the GEM+IL-2 (administered systemically) groups,
respectively. The number was significantly reduced in the former compared
with the latter group. Data are given as mean ± SE, statistically significant
(*p<0.05, **p<0.0001) compared with GEM ip + IL-2 is group (n=10/group).
ip, intraperitoneal administration; is, intra-splenic administration.
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described in Materials and methods, evaluation by MTT assay
requires at most 72 h. The cytocidal effects of combined
use on PAN02 cells were quite similar to those seen with
single-agent GEM, suggesting that IL-2 per se has no cytocidal
effect on PAN02 cells and that IL-2 does not increase the
anti-tumor effect of GEM (Fig. 9). The IC50 of GEM for
PAN02 cells was 64.7 ng/ml, and the IC50 for the combined
use of GEM and IL-2 was 67.7 ng/ml. 

IFN-γ production from splenocytic lymphocytes. The level of
IFN-γ produced after stimulation of Con A in splenocytic
lymphocytes was 560.0±45.7 pg/ml in the GEM+IL-2 group,
showing a remarkable increase. This was a significant
(p<0.001) increase as compared to the levels of 230.7±26.8,
240.3±21.8, and 191.3±34.5 pg/ml in the control, GEM, and
IL-2 groups, respectively (Fig. 10).

Histological assessment. Each group showed metastatic foci
in the liver and poorly differentiated tubular adenocarcinoma,

while the GEM+IL-2 group showed more marked lymphocyte
infiltration into the tumor than the control group, despite the
presence of poorly differentiated tubular adenocarcinoma
(Fig. 11). To investigate side-effects, pulmonary complications
including pulmonary edema were assessed, but there were
no findings of distinct hyperpermeability of capillary blood
vessels, which would include intra-alveolar serous retention
(data not shown). 

Assessment of the anti-tumor activity of splenocytic lympho-
cytes by the Winn assay. To assess the presence of specific
effector cells that exert anti-tumor effects on PAN02 cells
with administration of GEM and IL-2, the anti-tumor effects
of the combined use of these agents on murine splenocytic
lymphocytes were investigated. The splenocytic lymphocytes
collected 28 days after transplantation of murine PAN02
cells from the control and GEM+IL-2 groups were mixed
with PAN02 cells, serving as target cells, at an E/T ratio of
20. The activity of the lymphocytes was then investigated
using the Winn assay. The transplanted PAN02 cells showed
incorporation into the host's tissues and growth in all cases.
There was a significant difference in tumor size between the
control group and the GEM+IL-2 group (p<0.005) (Fig. 12).

Discussion

We have herein established combined immuno-chemotherapy
with systemically administered gemcitabine and intra-portal
administration of IL-2, which effectively suppressed liver
metastases of pancreatic cancer in a murine model. Most
pancreatic cancers are unresectable and progressive when the
diagnosis is made, because of difficulty in early detection.
The prognosis of pancreatic cancer remains poor. Even in
cases that are resectable, the liver metastases that frequently
develop postoperatively have been regarded as one of the
factors adversely influencing prognosis (26). Undetected
preoperative foci of liver metastases or micro-carcinoma
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Figure 8. Assessment of suppressive effects according to IL-2 dose on liver
metastasis. When the number of liver metastases in the control group was
regarded as 100%, the number was decreased to 20% at 5,000 IU of IL-2, and
5% at the dose raised to 10,000 IU (n=10/group). 

Figure 9. In vitro cytocidal effects of GEM and IL-2 on tumor cell strain
PAN02 of murine pancreatic cancer (MTT assay). The cytocidal effects of
the combined use of GEM and IL-2 on PAN02 were essentially the same as
those of GEM alone. The IC50 with the combined use of IL-2 and GEM was
67.7 ng/ml. 

Figure 10. IFN-γ production by splenocytic lymphocytes. Splenocytic
lymphocytes in each group were incubated with Concanavalin A (Con A,
2.5 μg/ml, 48 h), and the supernatant IFN-γ level was measured. The level
was significantly increased in the GEM+IL-2 group compared with all other
groups. Data are given as mean ± SE, statistically significant (*p<0.0001)
compared with GEM ip + IL-2 is group. ip, intraperitoneal administration;
is, intra-splenic administration.
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cells dispersed mechanically by intraoperative procedures are
the source of apparent metastatic foci, as they spread by
taking advantage of the opportunity created by the decreased
immunological competence of the host. Adjuvant therapy
after surgical resection is absolutely required to reduce the
recurrence of liver metastasis and to improve the prognosis
of pancreatic cancer.

Some reports have suggested that in vivo progression of
carcinoma growth leads to activation of deleterious immune
responses, as manifested by immune complex formation,
activation of suppressor T cells and macrophages, and helper
T cell hypo-function, ultimately resulting in a collapse of the
vital immunological surveillance mechanism (27-29). It is
highly probable that, even though most of the tumor cells are
surgically resected under such circumstances, remaining
cancer cells will grow again in the tumor-bearing host itself,
in which immunological competence is decreased post-
operatively. Adoptive immunology therapy (AIT) using LAK
cells has been employed as an adjunctive method of boosting
host immune responses (30,31). One report showed liver
metastasis of sarcoma to be suppressed by AIT (32). Rosenberg
et al (13), who administered IL-2 to 409 cancer patients (182
with melanoma and 227 with renal cell cancer), reported
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Figure 11. Histopathological findings in foci of liver metastases in each group (low magnification). A, Control group; B, GEM group; C, IL-2 group; D,
GEM+IL-2 group. H&E staining, x200.

Figure 12. Anti-tumor effects of splenocytic lymphocytes by the Winn
assay. Lymphocytes collected 28 days after transplantation of PAN02 cells
in the control and GEM+IL-2 groups were regarded as effector (E) cells.
PAN02 cells (5x106), regarded as target (T) cells, were mixed with E cells at
an E/T ratio of 20, and the resulting mixture was inoculated subcutaneously
into the dorsal regions of C57BL/6J mice. Time-course changes in the
maximum diameter (long diameter) and that crossing at right angles to it
(short diameter) were determined after subcutaneous inoculation (by the
Winn assay). There was a significant difference in tumor size between the
control group and the GEM+IL-2 group (ANOVA, p<0.005).
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favorable therapeutic outcomes: complete response in 33 (12
and 21) and partial response in 37 (15 and 22). However,
some reports have noted a high incidence of influenza-like
symptoms with systemic administration, including pyrexia,
chills, arthralgia, and nausea, and some cases had severe
side-effects, i.e., capillary leak syndrome induced by intra-
vascular hyperpermeability of IL-2 can result in remarkable
systemic edema (due to retention of humoral fluid in the third
space), pulmonary edema, hypotension, oliguria, and dis-
turbance of consciousness, and may have a fatal course due
to rapidly worsening circulatory insufficiency or respiratory
failure (14-17). Furthermore, it is difficult for an adequate
local concentration of systemically administered IL-2 to be
maintained, which limits the anti-tumor effect. To solve these
problems, IL-2 was administered into the portal vein for
the purpose of increasing the local concentration, and the
possibility of administration being more effective without
inducing side-effects was considered (33,34).

One of the causes of poor therapeutic outcomes in pan-
creatic cancer is the presence of postoperative liver metastasis
in 62-92% of patients treated by radical operation (35-38).
Effective adjuvant therapy, especially for prevention of liver
metastasis, after the resection of pancreatic cancer has not
been established (39-42). Our group has long investigated
the effects of 5-FU administered via the portal vein; portal
catheterization was performed before gastrointestinal
reconstruction after the lesion of the pancreas had been
resected intraoperatively, and 5-FU was administered serially
through the portal catheter postoperatively (43). There was
no significant difference in the incidence of local recurrence,
but the incidence of liver metastasis of pancreatic cancer in
the group treated postoperatively through the portal catheter
was significantly lower than that in the group treated only
with surgery. Nevertheless, the postoperative survival period
in the group treated with the anticancer agent through the
portal catheter was still limited. Activation of strong anti-tumor
immunity by immunotherapy, in addition to the use of anti-
cancer substances, may provide more effective anti-tumor
therapy for postoperatively undetectable foci of liver metastasis
of pancreatic cancer or micro-carcinoma cells dispersed
mechanically by intraoperative procedures.

In the present study, the portal route was adopted based
on the hypotheses that local immunocompetent cells in the
liver would be activated and that their actions would be
promoted by a high concentration of IL-2 administered directly
via the portal system. In addition, this strategy was designed
to reduce the side-effects of systemically administered IL-2,
as described earlier. In our murine models of liver metastasis
of pancreatic cancer, both the weight of the liver and the
number of liver metastases were decreased significantly by
systemic administration of GEM and intra-splenic (portal)
administration of IL-2, as compared to those in the control
group. The suppressive effect of this combination on liver
metastasis was also significantly more favorable than that
obtained with the use of either IL-2 or GEM alone. In
addition, histopathological examination of the lungs in each
group did not show any pulmonary edema, suggesting no
systemic toxicity of IL-2. Thus, our results indicated that
the simultaneous administration of an anticancer substance
and an immune-activating cytokine could be an effective

prophylactic countermeasure against liver metastasis of
pancreatic cancer, with minimal side-effects. 

GEM and IL-2 exerted no additive or synergistic effect in
terms of in vitro cytocidal effects, raising the possibility that
the in vivo effects are exerted via immunological functions of
the murine host. This assumption is reasonable, given the
fact that the infiltration of chronic inflammatory cells and
lymphocytes in the liver metastatic foci was greater in the
GEM+IL-2 group than in the control group. 

The advent of GEM for the treatment of unresectable
pancreatic cancer, a disease for which there have been few or
no effective therapeutic methods, has been revolutionary (1).
Like cytarabine (Ara-C), which has a structure similar to that of
GEM, GEM is reportedly metabolized by a triphosphorylating
substance (dFdCTP) after incorporation by cells, and is then
incorporated into the DNA chain as a result of competition
with deoxycytidine triphosphate (dCTP) to inhibit DNA
and ultimately to induce apoptosis (12). Decreased host
immunological competence is generally recognized as an
adverse effect of administration of anticancer agents. The
decreases in humoral immunity and cellular immunological
competence enable opportunistic infection and have a major
influence on the host's prognosis. Since the tumor-bearing
host per se is in a hypo-immunocompetent state, it may be
necessary to discontinue treatment because of further
deterioration of immunological competence due to adminis-
tration of anticancer agents (44). Therefore, innovations in the
maintenance of host immunological competence appear to be
needed. It has been reported that B-lymphocytes are selectively
reduced by GEM administration, and IgG production in
response to tumor antigens is significantly suppressed in the
body (45). However, some reports have raised the possibility
that GEM administration may increase the anti-tumor effects
of tumor-specific CD4-positive T cells and CD8-positive T
cells (45-47). In addition, this possibility was stated based
on augmentation of cross-presentation of tumor antigens by
antigen-presenting cells including dendritic cells. Tumor
antigens are released by tumor cells in which apoptosis has
been induced by GEM, leading to increased incorporation by
antigen-presenting cells and activation of CD8-positive T
cells that recognize the tumor antigen manifesting on MHC
Class I. The cytotoxic activity of T cells was considered to be
augmented and induction of differentiation of CTL to be
promoted by IL-2 administered locally. Whether memory
T cells that attained reactivity with splenocytic lymphocytes
could be induced was assessed by the Winn assay. The tumor
diameter was decreased significantly with splenocytic lympho-
cytes in the GEM+IL-2 group compared with the diameter
in the control group. Furthermore, IFN-γ production by
splenocytic lymphocytes after stimulation of Con A was
increased markedly in the GEM+IL-2 group as compared to
other groups. These observations suggested that the cellular
immunity would be improved as a result of the increase in
IFN-γ production and that memory T cells were induced, in
part, with systemic GEM administration and portal IL-2
administration in models of liver metastasis of pancreatic
cancer.

In conclusion, these findings suggested that, if combined
with portal administration of IL-2, GEM may prevent liver
metastasis of pancreatic cancer more effectively by increasing
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tumor antigen cross-presentation as well as by creating an
environment in which T cells manifest their effects easily,
while side-effects are minimized. Combined immuno-
chemotherapy with GEM and IL-2 could be an effective
clinical treatment for adjuvant therapy of pancreatic carcinoma
after surgery.
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