
Abstract. Background: Interleukin (IL)-12 is a
heterodimeric cytokine that exhibits potent antitumor and
antimetastatic activities. Very few studies have so far
investigated the local expression of IL-12 in tumor specimens
of gastric cancer. The purpose of this study was to investigate
the immunohistochemical expression of IL-12 in patients
with gastric cancer. Patients and Methods: IL-12 was
immunohistochemically stained using monoclonal anti-
human IL-12 antibody (1-1A4) in surgical specimens of 117
gastric cancer patients. The IL-12-positive cell density was
calculated. The relationships among the IL-12-positive cell
density, clinicopathological factors and 5-year survival rate
were evaluated. Results: Among the patients (n=117), the 5-
year survival rate after surgery was not statistically different
between the patients with high and low IL-12 positive cell-
density. However, in the patients with advanced gastric
cancer (n=85), those with a high IL-12-positive cell density
showed a significantly better prognosis in comparison with
those with a low IL-12-positive cell density (p=0.0104). A
multivariate analysis indicated that the IL-12-positive cell
density and TNM stage are significant prognostic factors.
Conclusion: IL-12-positive cell density may be a significant
independent prognostic factor in surgical specimens of
advanced gastric cancer.

Although the mortality rate of gastric cancer in Japan has
improved in the last decade (1, 2), it is still the second
highest cause of cancer-related deaths (3). Japan is one of

the countries with the highest mortality and incident rate of
gastric cancer in the world (4). Recently, many studies have
led to the conclusion that infection with Helicobacter pylori
is a major cause for the development of distal gastric cancer
(5-7). Some studies indicated a significant relationship
between cytotoxin-associated gene A (CagA) seropositivity,
which indicates an infection of CagA-positive H. pylori, and
gastric cancer (8-10). In Japan, the high mortality rate of the
distal gastric cancer might be attributed to the very high
rates of H. pylori infection, which include the high
prevalence of CagA-positive H. pylori infection (11).

IL-12 is a 70-75 kDa heterodimeric cytokine composed of
two N-glycosylated polypeptide chains of 40 kDa and 35
kDa linked by a single disulfide bond (12-14). The main
producers of IL-12 are monocytes, macrophages, dendritic
cells and B-cells, and its receptor is detected on activated T-
or NK-cells (15-17). IL-12 has demonstrated several anti-
tumor effects, primarily by inducing the Th-1 cellular
immune response (18). IL-12 induces NK-cells, T-cells, as
well as macrophages and dendritic cells to produce INF-Á,
enhances the lytic activity of NK-cells, alloreactive
lymphocyte responses, and specific cytotoxic T-cell
responses (19-22).

The systemic expression of IL-12 in cancer patients has
been measured and evaluated using several methods
including serum analysis using ELISA (23-25), peripheral
blood mononuclear cell (PBMC) analysis by ELISA in
response to lipopolysaccharide (LPS) stimulation (26-28),
and IL-12 mRNA level analysis by RT-PCR (29-30). The
serum IL-12 levels in patients with T4 disease or distant
metastasis were significantly lower than those in patients
with less severe lesions (31). The production of IL-12 in
PBMC stimulated with Staphylococcus aureus Cowan-1
decreased significantly with advancing disease and was
lowest in patients with distant metastasis and cachexia (26).
These studies indicated that the systemic expression of IL-
12 is reduced in patients with more advanced gastric cancer.
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On the other hand, few reports have so far investigated the
local expression of IL-12 in cancer specimens by
immunohistochemical staining (32, 33).

The significance of IL-12-expressing cells in the tumor
microenvironment has not been evaluated in detail.
Therefore, the present study investigated the relationship of
clinicopathological factors, prognosis and the density of IL-
12-positive cells at the tumor sites in patients diagnosed
with primary gastric carcinoma.

Patients and Methods

Patients. Between 1980 and 1984, 117 patients with primary gastric
cancer who underwent surgery at the Department of Surgery 1,
University Hospital of Occupational and Environmental Health,
Japan, were recruited to this study. The clinical data of these patients
is summarized in Table I. Informed consent was obtained from all
patients prior to the study. No patients had received chemotherapy
or radiotherapy before surgery. The clinicopathological findings were
determined according to UICC tumor-node-metastasis (TNM)
classifications (34).

Antibody. Regarding the immunohistochemical staining of IL-12,
anti-human IL-12p40 monoclonal antibody (1-1A4, SEROTEC,
UK) was used. This antibody recognizes the p40 subunit of human
IL-12 and binds to both the free subunit and the p35/p40
heterodimer.

Immunohistochemical staining of IL-12. Immunohistochemical
staining (IHC) of endogenous IL-12 was performed on formalin-
fixed 2-Ìm sections of tissues embedded in paraffin. The 2-Ìm
sections were deparaffinized with xylene and rehydrated in a series
of ethanol. IL-12 staining was carried out using the Ventana DAB
Universal Kit and an automated stainer (NexES IHC, Ventana
Medical Systems, Yokohama, Japan) according to the
manufacturer’s instructions, using a mouse monoclonal anti-human
IL-12 antibody at a 1:100 dilution.

Staining evaluation. Each section was usually scanned at low
magnification (x100) to identify the area of the tumor with the
highest density of IL-12-positive cells ‘hot spot’ at the invasive
front of the tumor. IL-12-positive cells were then counted at
x400 magnification using an ocular grid by a researcher without
knowledge of the clinical outcome or prognosis. The mean
counts of three hot spots/specimen were calculated and used
in this study.

Clinicopathological assessment. The tumors were staged by two
pathologists, who had no prior knowledge of the results of the
assays, according to UICC TNM classifications (34).
Clinicopathological factors such as age, gender, tumor size, nodal
involvement, depth of invasion, vessel invasion, histopathological
type, peritoneal dissemination, hepatic metastasis and staging were
analyzed for association with IL-12-positive cell density.

Statistical analysis. The data shown represent the mean±SD and
were statistically analyzed using Student’s t-test and the regression
theory, as appropriate. For the survival analysis, the Kaplan-Meier
method was applied and differences were tested using the Log-rank

test. Univariate and multivariate analyses of survival were
conducted using the Cox proportional hazards model. Statistical
significance was established at the p<0.05 level.

Results

Table I shows the profiles of the 117 patients diagnosed
with primary gastric carcinoma recruited in the present
study. Among these patients, 85 patients had advanced
gastric cancer in which the depth of invasion was beyond the
muscle propria.

Immunohistochemical staining of endogenous IL-12 was
performed on 117 gastric cancer specimens. IL-12-positive
cells were mainly observed in the tumor stroma at the
peritumoral area of the gastric cancer.

The mean density of IL-12-positive cells was 5.37±3.65
(1.0-33.7) cells/grid in all patients (n=117), and was
5.75±3.89 (1.0-33.7) cells/grid in the patients with
advanced gastric cancer (n=85). The IL-12-positive cell
density based on the staging (Figure 1A) and depth of
invasion (Figure 1B) was evaluated. The mean IL-12-
positive cell density of stage IA was lowest and
significantly lower than that of stage II or stage IIIA
(p=0.0361, 0.0244, respectively, Figure 1A). The mean IL-
12-positive cell density of T1 was lowest and significantly
lower than that of T2a (p=0.0167, Figure 1B).

The relationship between the IL-12-positive cell density
and clinicopathological factors in all patients diagnosed with
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Table I. Characteristics of all patients.

No. of patients 117
Gender (M/F) 79/38
Age (years) (mean±S.D.) 60.0±12.4
Lymph node metastasis (_/+) 50/67
Hepatic metastasis (_/+) 109/8
Peritoneal dissemination (_/+) 102/15
Depth of invasion

T1 32
T2a 13
T2b 42
T3 27
T4 3

Tumor size (cm)(mean±S.D.) 5.4±3.0
Lymphatic invasion (_/+) 26/91
Venous invasion (_/+) 50/67
Histopathological type

Differntiated 59
Undifferentiated 58

TNM stage
IA 30
IB 21
II 13
IIIA 22
IIIB 5
IV 26



gastric cancer is shown in Table II. No significant
association was identified among these factors. Although
not statistically significant, the IL-12-positive cell density
tended to be higher in patients with gastric cancer who were
node-positive (p=0.0906), had depth of invasion more than
the muscle propria (p=0.0701) and lymphatic invasion
(p=0.0511). The relationship between the IL-12-positive cell
density and clinicopathological factors in patients with
advanced gastric cancer are shown in Table III. No
significant association was identified between these factors.

The prognostic significance of IL-12-positive cell density
was analyzed using the Kaplan-Meier method and assessed
with a cut-off value set at the mean value. The patients were
divided into two groups, an IL-12 high-density group or an
IL-12 low-density group. Among all of the patients (n=117)
assessed with the mean value of 5.37 cells/grid as the cut-off
value, the 5-year survival rate after surgery was not
statistically different between patients with a high IL-12-
positive cell density and these with a low IL-12-positive cell
density (p=0.2700, data not shown). However, in the
patients with advanced gastric cancer (n=85) assessed with
the mean value of 5.75 cells/grid as the cut-off value, the
patients with a high IL-12-positive cell density showed a
significantly better prognosis in comparison to those with a
low IL-12-positive cell density (p=0.0104, Figure 2).

In advanced gastric cancer, a univariate analysis indicated
that TNM staging of IB and II, a high IL-12-positive cell
density, negative lymph node involvement and an absence
of distant metastasis were significantly favorable prognostic
factors (Table IV). Moreover, an old age (≥60 years),
tumor invasion of T2a and T2b, and a differentiated type of

histological type also tended to indicate a good prognosis
(Table IV). A multivariate analysis indicated that TNM
staging and IL-12-positive cell density were significant
prognostic factors (Table V).

Discussion

Several studies concerning the immunohistochemical
expression of IL-12 have been reported. The in situ
expression of IL-12 was examined in murine lungs with
slowly progressive primary tuberculosis (35), in nasal polyp
tissues from patients with chronic upper airway
inflammation (36) and in synovial tissue from patients with
rheumatoid arthritis and osteoarthritis (37, 38). After the
infection with Leishmania donovani in BALA/c mice, IL-12
immunohistochemistry was performed on the resected
spleen (39). These reports all observed local IL-12
expression in the inflammatory or infected state. On the
other hand, there are few reports which have so far
examined the local IL-12 expression in cancer tissues (32,
33, 40, 41).

In RNA in situ hybridization (RISH), IL-12p40 showed
moderate expression in cervical carcinoma cells and a strong
expression in some of the cells in the tumor stroma (40).
Preliminary small studies have been reported which
evaluated the immunohistochemical IL-12 expression of
gastric cancer specimens (n=27) (32) or colorectal cancer
specimens (n=23) (33). These reports indicate that IL-12-
positive cells mainly existe in the tumor stroma at the
peritumoral area of the gastric or colorectal cancer.
However, tumor cells of gastric or colorectal cancer were

Nagashima et al: Prognostic Significance of IL-12 in Gastric Cancer

1279

Figure 1. IL-12-positive cell density based on the staging (Figure 1A) or depth of invasion (Figure 1B) was evaluated. The mean IL-12-positive cell
density of stage IA was lowest and significantly lower than that of stage II or stage IIIA (p=0.0361, 0.0244, respectively: Figure 1A). The mean IL-12-
positive cell density of T1 was lowest and significantly lower than that of T2a (p=0.0167: Figure 1B). *p<0.05.



not stained by IL-12 monoclonal antibodies. The present
study reconfirmed the existence and location of IL-12-
positive cells in 117 tissues of gastric cancer.

It is unclear whether the local antitumor immunity is
sufficiently activated during the early stage of gastric cancer,
and specifically, whether the immunocytes in the tumor
microenvironment produce and secrete IL-12 in the early
stage of gastric cancer. Previous reports regarding the
immunocyte expression in gastric cancer indicated that the
frequency of S100-positive dendritic cell infiltration in
gastric cancer did not differ in proportion between T1 and
T2-T4 (42). However, the intracellular IL-12 of PBMC in
patients with early-stage gastric cancer was significantly
lower in comparison to that in patients with advanced
gastric cancer (43). The present study indicated that the
mean IL-12-positive cell density of stage IA or T1 is lowest
among each category, respectively (Figure 1A, 1B). This
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Table II. Association between IL-12-positive cell density and
clinicopathological factors of all patients with gastric cancer.

No. of IL-12-positive p-value
patients cell density

Mean±SD (cells/grid)

Age (years)
<60 52 5.23±2.66
≥60 65 5.52±4.48 0.6667

Gender
Male 79 5.30±4.17
Female 38 5.54±2.24 0.7372

Depth of invasion
≤submucosa 32 4.38±2.75
≥muscle proprie 85 5.75±3.89 0.0701

Lymph node metastasis
(_) 50 4.74±2.93
(+) 67 5.89±4.09 0.0906

Peritoneal dissemination
(_) 102 5.44±3.84
(+) 15 4.91±1.95 0.6043

Hepatic metastasis
(_) 109 5.47±3.75
(+) 8 4.08±1.48 0.3031

TNM stage
IA, IB, II 64 5.02±2.67
IIIA IIIB, IV 53 5.82±4.58 0.2410

Histopathological type
Differentiated 59 5.30±2.50
Undifferentiated 58 5.44±4.55 0.8333

Lymphatic invasion
(_) 26 4.14±3.11
(+) 91 5.72±3.73 0.0511

Venous invasion
(_) 50 5.34±2.94
(+) 67 5.39±4.12 0.9378

SD: standard deviation.

Table III. Association between IL-12-positive cell density and
clinicopathological factors of patients with advanced gastric cancer.

No. of IL-12-positive p-value
patients cell density

Mean±SD (cells/grid)

Age (years)
<60 44 5.36±2.48
≥60 41 6.15±4.98 0.3519

Gender
Male 63 5.74±4.36
Female 22 5.76±2.09 0.9874

Depth of invasion
T2a, T2b 55 5.75±2.41
T3, T4 30 5.73±5.74 0.9842

Lymph node metastasis
(_) 20 5.43±2.98
(+) 65 5.84±4.14 0.6839

Peritoneal dissemination
(_) 70 5.92±4.17
(+) 15 4.91±1.95 0.3631

Hepatic metastasis
(_) 77 5.92±4.02
(+) 8 4.08±1.48 0.2053

TNM stage
IB, II 33 5.64±2.47
IIIA, IIIB, IV 52 5.82±4.58 0.8381

Histopathological type
Differentiated 44 5.60±2.33
Undifferentiated 41 5.90±5.08 0.7210

Lymphatic invasion
(_) 3 6.67±5.21
(+) 82 5.71±3.87 0.6784

Venous invasion
(_) 20 6.65±2.71
(+) 65 5.47±4.16 0.2362

SD: standard deviation.

Table IV. Univariate analysis for clinicopathological factors and IL-12-
positive cell density in patients with advanced gastric cancer.

Factor p-value of
univariate analysis

TNM stage (IB, II vs. IIIA, IIIB, IV) 0.0004
IL-12 (High vs. low) 0.0376
T (T2a, T2b vs. T3, T4) 0.1258
N (_ vs. +) 0.0041
M (_ vs. +) <0.0001
Histopathological type (Diff. vs. Undiff.) 0.1439
Age (old vs. young) 0.1508
Gender (M vs. F) 0.4812
Vessel invasion (_ vs. +) 0.4365
Lymphatic invasion (_ vs. +) 0.4571

The patients were divided into low and high groups of IL-12-positive
cell density assessed with the mean values of 5.75 cells/grid as the cut-
off value. The patients were divided into old and young groups of age
assessed with the mean values of 60 years as the cut-off value.



suggests that the antitumor immunity against early-stage
gastric cancer might be insufficiently completed or mature
in the local microenvironment.

In the present study, no significant association was
observed between the IL-12-positive cell density and the
clinicopathological factors, neither in all patients recruited
in this study (Table II) nor in the patients with advanced

gastric cancer (Table III). However, in advanced gastric
cancer, the patients with a high IL-12-positive cell density
had good prognosis in comparison to those with low IL-12-
positive cell density (Figure 2). In addition, the univariate
and multivariate analysis indicated that the IL-12-positive
cell density is a prognostic factor in advanced gastric cancer
(Table IV, Table V). These data supported the previous
report that high IL-12p40 expression is associated with a
favorable cumulative overall survival in cervical cancer
patients (41).

According to an immunohistochemical analysis, IL-12-
producing cells were localized mainly in the sublining layer
of rheumatoid arthritis synovium and also frequently
expressed the CD68 antigen (37). IL-12 is also
immunohistochemically expressed by infiltrating
macrophages and synovial lining cells in rheumatoid
arthritis and osteoarthritis (38). On the other hand,
immunostaining indicated that dendritic cells are the critical
source of early IL-12 production following Leishmania
infection (39). These reports indicate that macrophages or
dendritic cells mainly produce IL-12 in the inflammatory or
infectious diseases. Previous data indicated that IL-12 was
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Figure 2. The prognostic significance of IL-12-positive cell density was analyzed using the Kaplan-Meier method in the patients with advanced gastric
cancer (n=85). The patients were divided into low and high groups assessed with the mean values of 5.75 cells/grid as the cut-off value. The patients with
a high IL-12-positive cell density showed a significantly better prognosis in comparison to those with a low IL-12-positive cell density (p=0.0104).

Table V. Multivariate analysis for clinicopathological factors and IL-12-
positive cell density in patients with advanced gastric cancer.

Factor p-value Hazard 95% CI
ratio

TNM stage (IB, II vs. IIIA, IIIB, IV) 0.0004 4.433 1.959-10.033
IL-12 (High vs. Low) 0.0088 0.426 0.224-0.807
Age (old vs. young) 0.2785 1.404 0.760-2.592
Histological type (Diff. vs. Undiff.) 0.9033 1.040 0.551-1.962

The patients were divided into low and high groups of IL-12-positive
cell density assessed with the mean values of 5.75 cells/grid as the cut-
off value. The patients were divided into old and young groups of age
assessed with the mean values of 60 years as the cut-off value.



produced by mature dendritic cells and macrophages in the
tumor stroma at the peritumoral area of colorectal cancer
based on representative photomicrographs of double
staining of CD83/IL-12 and CD68/IL-12 (33). In the present
study, although IL-12-positive cells that existed in the tumor
stroma were identified in the peritumoral area of the gastric
carcinoma, the identity of these IL-12-positive cells has not
yet been confirmed in gastric cancer specimens. Therefore,
double staining using specific antibodies will be needed to
identify the IL-12-positive cells in gastric cancer specimens.

Additional studies will be necessary to conclusively
determine the significance of immunohistochemical staining
of IL-12 in patients with gastric carcinoma. The results of
the present study suggest that the IL-12-positive cell density
may be a significant independent prognostic factor in
surgical specimens of advanced gastric cancer. Therefore,
patients with a low IL-12-positive cell density in advanced
gastric cancer may require additional immunochemotherapy
after surgery.
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