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Introduction

Several serum markers have been used in the detection 
of progression of gastric cancer (GC). Recently, several 
studies have demonstrated that high preoperative serum 
levels of carcinoembryonic antigen (CEA), carbohy-
drate antigen (CA) 19-9, or of CA72-4 were correlated 
with lymph node metastasis, liver metastasis, or perito-
neal metastasis in patients in the advanced stages of GC 
[1, 2]. However, these markers are not useful for the 
detection of early-stage GC. Also, it is well known that 
many patients with advanced GC show normal serum 
levels of these markers. Thus, new biological serum 
markers are needed for the detection of GC.

Interleukin-6 (IL-6), a multifunctional cytokine pro-
duced by both hematopoietic cells and epithelial cells, 
plays a central role in host defense mechanisms [3]. 
Recently, Leu et al. [4] demonstrated that many esopha-
geal carcinoma tissues expressed IL-6 mRNA and that 
IL-6 protein protected an esophageal carcinoma cell 
line from apoptosis induced by staurosporine. IL-6 is 
also reported to be produced by other epithelial tumors 
[5]. Increased serum IL-6 levels have been found in 
patients with multiple myeloma [6], renal cell carcinoma 
[7], bladder carcinoma [8], head and neck cancer [9], 
ovarian cancer [10], and cholangiocarcinoma [11].

Interleukin-10 (IL-10), on the other hand, is a pleio-
tropic cytokine produced by macrophages, T-helper 2 
cells, and B lymphocytes (CD5 subset) and can both 
stimulate and suppress the immune response [12]. IL-10 
has been shown to inhibit various immune functions, 
such as antigen presentation, cytokine production, mac-
rophage activation, and antigen-specifi c T-cell prolifer-
ation. By interfering with antigen-presenting cells, IL-10 
reduces antigen-specifi c T-cell proliferation. Moreover, 
IL-10 has been proposed to play a key role in the onco-
genetic and metastatic ability of neoplasms [13, 14]. 
Increased levels of serum IL-10 have been found in 
patients with solid and hematopoietic tumors [15–17].
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The present study was designed to investigate the 
clinical usefulness of serum levels of IL-6 and IL-10 as 
new tumor markers for patients with GC, in comparison 
with serum CEA and CA19-9 levels.

Patients and methods

Samples

Preoperative serum samples from 90 patients (mean 
age, 65.8 years; range, 36–88 years; male, 65; female, 
25) with GC who were treated at Tottori University 
Hospital between 2001 and 2004 were assayed. No 
patient had received preoperative chemotherapy. 
Eighty-fi ve patients underwent gastrectomy; however, 
in the remaining 5 patients, gastrectomy was not per-
formed, because metastases were widely detected in 
the peritoneal cavity. The patients were staged accord-
ing to the Japanese classifi cation of gastric carcinoma 
[18]. The number of patients at each tumor stage was 
as follows: stage I, n = 43, stage II, n = 10; stage III, 
n = 21; and stage IV, n = 16. All patients were followed 
until April 2007. The mean follow up was 37 months 
(range, 3–76 months). The causes of death were deter-
mined from clinical fi ndings. Serum samples were 
also obtained from nine normal healthy blood donors 
(mean age, 59.8 years; range, 44–77 years; male, 8, 
female, 1) as controls. The normal volunteers had no 
history of gastrointestinal complaints. Informed consent 
was obtained from all patients and all normal healthy 
donors for the use of their samples to detect serum 
levels of IL-6 and IL-10. The present study conformed 
to the ethical standards of the World Medical Associa-
tion Declaration of Helsinki and was approved by 
the Ethics Committee of Tottori University Faculty of 
Medicine (no 448).

Analysis of serum levels of IL-6 and IL-10

Serum samples were kept at −80 °C until use and thawed 
immediately before the determination of the cytokine 
levels. Serum IL-6 and IL-10 levels were determined 
using enzyme-linked immunosorbent assay (ELISA) 
kits (Quantikine; R&D Systems, Minneapolis, MN, 
USA) according to the manufacturer’s instructions. All 
samples were measured in duplicate.

Detection of serum tumor markers and C-reactive 
protein (CRP)

Preoperative serum tumor markers (CEA and CA19-9) 
and CRP were routinely measured in patients with GC 
at our hospital. Serum CEA levels less than 5 ng/ml, 

serum CA19-9 levels less than 35 U/ml, and serum CRP 
levels less than 0.2 mg/dl were taken as the normal 
ranges [19, 20].

Statistical analysis

Spearman’s rank correlation coeffi cient was used to 
assess correlations between the levels of cytokines and 
the levels of tumor markers or CRP in GC patients. The 
comparison of IL-6 and IL-10 in relation to the tumor 
stage and histological variables was assessed by the 
Kruskal-Wallis test and Mann-Whitney U-test. Survival 
rates were calculated by the Kaplan-Meier method. 
Survival curves were compared using the log-rank test. 
Univariate and multivariate analyses of prognosis for 
GC patients were performed using the Cox propor-
tional hazards model. Statistically signifi cant difference 
was defi ned as P < 0.05.

Results

Serum IL-6 and IL-10 levels

The mean serum IL-6 level of the 90 patients with GC 
(5.8 pg/ml; range, 0–277.5 pg/ml) was signifi cantly higher 
than that of the 9 healthy volunteers (0.1 pg/ml; range, 
0–1.0 pg/ml; P < 0.001). However, even though the mean 
serum IL-10 level of the 90 patients with GC (12.5 pg/
ml, range, 0–309.3 pg/ml) was higher than that of the 
9 healthy volunteers (4.0 pg/ml; range, 0.6–19.8 pg/ml), 
the difference was not signifi cant (P = 0.061). No cor-
relation was observed between IL-6 levels and IL-10 
levels in 99 samples (90 from GC patients and 9 from 
the healthy volunteers; ρ = 0.148, P = 0.163).

Correlation between serum cytokine levels and tumor 
markers or CRP in GC patients

In the GC patients, the mean CEA level was 6.6 ng/ml 
(range, 0.1–92.6 ng/ml), the mean CA19-9 level was 
27.3 U/ml (range, 0.1–336 U/ml), and the mean CRP 
level was 0.25 mg/dl (range, 0.03–2.55 mg/dl). A signifi -
cant positive correlation was found between CEA and 
CA19-9 levels (ρ = 0.264, P = 0.017). However, the 
levels of CEA and CA19-9 did not correlate with CRP 
levels in the GC patients (ρ = 0.129, P = 0.478 and ρ = 
0.059, P = 0.75). Serum IL-6 levels were strongly corre-
lated with CRP levels (ρ = 0.487, P < 0.001), but they 
did not correlate with CEA (ρ = 0.096, P = 0.381) or 
CA19-9 (ρ = 0.05, P = 0.651). On the other hand, serum 
IL-10 levels did not correlate with CEA (ρ = 0.13,
P = 0.235), CA19-9 (ρ = 0.002, P = 0.983), or CRP 
(ρ = 0.19, P = 0.297).
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Correlation between serum cytokine levels and 
clinicopathological features of the patients

Tumor sizes were measured in the 85 resected speci-
mens. In the fi ve patients in whom gastrectomy was not 
performed because of advanced tumors, tumor size was 
measured by X-ray fi lms. The mean tumor size in the 
90 GC patients was 6.4 cm (range, 1–25 cm). The cor-
relation between tumor size and the levels of tumor 
markers and cytokines is indicated in Table 1. We found 
a strong positive correlation between tumor size and 
serum IL-6 levels.

The cutoff values of CEA, CA19-9, and CRP were 
established at 5 ng/ml, 35 U/ml, and 0.2 mg/dl, respec-
tively, according the manufacturer’s protocol in our 
hospital. The cutoff values of IL-6 and IL-10 were deter-
mined according to the values in healthy volunteers 
(mean + 2 × SD; IL-6, 0.8 pg/ml; IL-10, 14 pg/ml) as 
described previously [21, 22]. High CEA levels were 
found in 17 of the 90 GC patients (18.9%), high CA19-9 
levels were found in 13 (14.4%), high CRP levels were 
found in 14 (15.5%), high IL-6 levels were found in 53 
(58.9%), and high IL-10 levels were found in 11 (12.2%). 
We show the correlations between the levels of tumor 
markers and cytokines and clinicopathological features 

of the 90 patients in Table 2. We found that a high 
serum CEA level was clearly correlated with the depth 
of tumor invasion and lymph node metastasis. Also, 
high serum IL-6 levels were found in 13/32 (40.6%) of 
the patients with T1 depth of tumor invasion, 17/28 
(60.7%) of those with T2, 16/22 (72.7%) of those with 
T3, and 7/8 (87.5%) of those with T4. Thus, the serum 
IL-6 level correlated with GC invasion. But it did not 
correlate with lymph node metastasis. Serum CA19-9, 
CRP, and IL-10 did not correlate with GC progression 
(Table 2).

Prognostic signifi cance of IL-6 and IL-10 in 
GC patients

The patients were divided into two subgroups according 
to the cutoff values of CEA, CA19-9, CRP, IL-6, and 
IL-10. Survival curves were compared between the two 
subgroups. The overall 5-year survival rate of the 90 
patients was 57.2%. Table 3 lists the prognostic factors 
of the patients and shows the results of the univariate 
survival analysis. Serum CEA, IL-6, and IL-10 levels 
were found to be strong prognostic factors, like tumor 
stage, for patients with GC. Figure 1 shows the survival 
curves of patients with high and low levels of serum IL-6 
and IL-10. In multivariate survival analyses of four 
parameters (tumor stage, CEA, IL-6, and IL-10), serum 
IL-10 level was recognized as a poor prognostic marker 
independent of tumor stage (Table 3).

Discussion

In the present study, serum IL-6 levels in gastric cancer 
(GC) patients were signifi cantly higher than those in 
healthy subjects. We found that serum IL-6 levels were 

Table 1. Correlation between tumor size and serum levels of 
CEA, CA19-9, CRP, IL-6, and IL-10 detected by Spearman’s 
rank correlation coeffi cient

ρ P

CEA 0.146 0.185
CA19-9 0.159 0.153
CRP 0.152 0.413
IL-6 0.286 0.008
IL-10 0.084 0.436

Table 2. Correlation between clinicopathological characteristics and tumor markers, CRP, and serum cytokine levels (%)

n
High levels 

of CEA
High levels 
of CA19-9

High levels 
of CRP

High levels 
of IL-6

High levels 
of IL-10

Histological type
 Differentiated
 Undifferentiated
 P

41
49

7 (17.1)
10 (20.4)

0.687

7 (17.1)
6 (12.2)

0.516

8 (19.5)
6 (12.2)

0.469

23 (56.1)
30 (61.2)

0.623

6 (14.6)
5 (10.2)

0.523
Depth of tumor invasion
 T1 and T2
 T3 and T4
 P

60
30

6 (10)
11 (36.7)

0.002

6 (10)
7 (23.3)

0.089

5 (8.3)
9 (30)

0.072

30 (50)
23 (76.7)

0.015

7 (11.7)
4 (13.3)

0.82
Lymph node metastasis
 Absent
 Present
 P

50
40

5 (10)
12 (30)

0.016

5 (10)
8 (20)

0.179 

8 (16)
6 (15)

0.955

26 (52)
27 (67.5)

0.138

6 (12)
5 (12.5)

0.943
Tumor stages
 I and II
 III and IV
 P

53
37

6 (11.3)
11 (29.7)

0.028

5 (9.4)
8 (21.6)

0.106

8 (15.1)
6 (16.2)

0.798

26 (49.1)
27 (73)

0.023

7 (13.2)
4 (10.8)

0.733
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Table 3. Univariate and multivariate survival analyses of possible prognostic factors

n

Univariate Multivariate

5-Year survival rate (%) P Risk ratio P

Tumor stages
 I and II
 III and IV

53
37

82.2
21.6

<0.001 8.333 <0.001

CEA
 Low (<5 ng/ml)
 High (≥5 ng/ml)

73
17

62.4
35.3

0.016 1.055 0.889

CA19-9
 Low (<35 U/ml)
 High (≥35 U/ml)

77
13

60.6
36.9

0.161 — —

CRP
 Low (<0.2 mg/dl)
 High (≥0.2 mg/dl)

62
28

66.7
42.9

0.104 — —

IL-6
 Low (<0.8 pg/ml)
 High (≥0.8 pg/ml)

37
53

70.2
47.8

0.013 1.264 0.532

IL-10
 Low (<14 pg/ml)
 High (≥14 pg/ml)

79
11

61.6%
27.3%

0.045 2.761 0.047

Survival time after treatment (months)
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Fig. 1. Overall survival curves of the patients. Left, the survival curve of patients with low levels of serum interleukin-6 (IL-6; 
n = 37, solid line) was signifi cantly better than that of patients with high levels of serum IL-6 (n = 53, dotted line; P = 0.013). 
Right, the survival curve of patients with low levels of serum IL-10 (n = 79, solid line) was signifi cantly better than that of patients 
with high levels of serum IL-10 (n = 11, dotted line; P = 0.045)

positively correlated with serum CRP levels and the size 
of tumors in patients with GC. We found a signifi cant 
positive correlation between serum IL-6 level and depth 
of tumor invasion. But we found no signifi cant correla-
tion between serum IL-6 level and lymph node metas-
tasis in GC patients. These fi ndings indicate that serum 

IL-6 in patients with GC may reveal the degree of 
damage of the gastric wall caused by ulcerative reaction 
of the tumor. Serum IL-6 is known to be produced by 
both hematopoietic cells and epithelial cells. Serum IL-
6 is regarded as the major mediator of CRP synthesis in 
hepatocytes [23].
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Thus, IL-6 is a potent proinfl ammatory cytokine 
that plays a central role in the systemic infl ammatory 
response. Also, IL-6 is reported to stimulate B-cell and 
hematopoietic stem cell growth and is reported to cor-
relate with megakaryocyte maturation and macrophage 
differentiation [22]. Ito et al. [24] reported that three of 
eight GC cell lines secreted IL-6 into the culture media 
and GC cell growth was stimulated by the secreted IL-6; 
they concluded that IL-6 was an autocrine growth 
stimulator for GC. Leu et al. [4] have reported that IL-6 
binds to IL-6 receptors and homodimerizes with gp130. 
This homodimer activates Janus kinase (JAK) and 
also activates signal transducers, such as transcription 
3 (STAT3). The JAK/STAT3 pathway may play a role 
in mediating cell growth. Also, Ashizawa et al. [22] 
found a strong positive correlation between serum IL-6 
levels and GC tissue IL-6 protein expression levels 
detected by immunostaining. Thus, IL-6 may contribute 
to the progression of GC in an autocrine or paracrine 
manner.

On the other hand, we found that serum IL-10 did 
not correlate with depth of tumor invasion, lymph node 
metastasis, or tumor stage. IL-10 may be produced as 
an anti-infl ammatory cytokine. The anti-infl ammatory 
characteristics of IL-10 downregulate the host immune 
response [25]. A high IL-10 level was suggested to con-
tribute to a relative state of immunosuppression in 
patients with hepatocellular carcinoma [26]. Matsugu-
chi et al. [27] reported that high serum IL-10 levels in 
patients with hepatocellular carcinoma presumably also 
resulted from the secretion of IL-10 by tumor cells. 
Sakamoto et al. [28] demonstrated that IL-10 expres-
sion was found in 48% of GC tissues by immunohisto-
chemistry. They found that tumor IL-10 expression was 
strongly correlated with depth of tumor invasion and 
with lymph node metastasis, and that IL-10 expression 
was inversely correlated with CD8+ T-lymphocyte infi l-
tration. In the present study, we found that a high level 
of serum IL-10 was detected in only 12% of GC patients 
and did not correlate with tumor progression; however, 
it correlated with a poor prognosis for the patient. These 
fi ndings suggest that a high serum level of IL-10 may 
correlate with reduced host immunity.

We found that IL-10 levels were not related to 
those of IL-6. This fi nding suggests that an independent 
response may occur between IL-10 and IL-6 in GC. Our 
multivariate analysis showed serum IL-10 levels to 
be an independent prognostic factor. In addition, even 
though there was a signifi cant difference in survival 
between patients with high levels of serum IL-6 and 
those with low levels, serum IL-6 levels were not inde-
pendent of tumor stage. In our study, elevated IL-10 
levels had no correlation with other adverse prognostic 
factors, including tumor size and tumor stage. These 
fi ndings indicate that serum IL-6 levels may correlate 

with GC progression, and that serum IL-10 levels may 
correlate with depressed immunity of the host.

High circulating and local levels of IL-10 may be 
produced by tumor cells or other cells, and may contrib-
ute to the development of an environment favorable 
to neoplastic cells, by reducing host local immunity, 
and by enhancing the metastatic potential of neoplastic 
cells. If this hypothesis is true, the inhibition of IL-10 
production or the administration of anti-IL-10 agents 
could become a new therapeutic tools for treating 
patients with GC.
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