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Abstract

Background Interleukin-33 (IL-33) is a novel member of

the IL-1 family of cytokines, and it is closely related to

IL-18, one of the best characterized members of the IL-1

family. It’s been demonstrated that elevated levels of IL-18

are involved in a wide variety of tumors, especially in

gastric cancer.

Aims The purpose of this study was to determine the

correlations between serum IL-33 levels and the clinico-

pathologic features in gastric cancer patients.

Methods Serum samples were collected from 68 patients

with gastric cancer and 57 controls. Serum IL-33 levels

were measured by ELISA. Classical tumor markers of CEA

and CA19-9 levels were routinely detected by chemilu-

minescence immunoassay. Western blot analysis was used

to detect IL-33 expression in gastric cancer tissue samples

and cell lines. The relationship between serum levels of

IL-33 and clinical characteristics in patients was analyzed.

Results IL-33 levels in the serum of gastric cancer

patients were significantly elevated in comparison with that

of healthy volunteers. Furthermore, higher serum levels of

IL-33 in gastric cancer patients were found to correlate

with several poor prognostic factors like depth of invasion,

distant metastasis and advanced stage (stage III/IV). On the

other hand, serum IL-33 levels did not correlate with CEA

and CA19-9. The expression of IL-33 protein was upreg-

ulated in carcinoma tissues in comparison with matched

normal tissues, and no statistically significant difference

was found between the four gastric cancer cell lines and

human gastric epithelial cell line GES-1.

Conclusions Serum IL-33 may be a useful biomarker for

predicting the prognosis of gastric cancer.

Keywords Interleukin-33 � Gastric cancer � ELISA �
Prognosis

Introduction

Gastric carcinoma is the second most diagnosed malig-

nancy in the world, and it is a major cause of cancer-related

death [1, 2]. It is generally recognized that there is immune

dysfunction in cancer patients. Several experiments

showed that levels of serum cytokines such as IL-6, IL-10

and IL-18 were significantly higher in patients with solid or

hematopoietic tumors than that of healthy people, and

associated with a worse prognosis [3–8].

IL-33, identified by Carriere and colleagues [9], is a novel

member of the IL-1 family of cytokines. It is now regarded as

the 11th member in the IL-1 family [10], which includes

IL-1a, IL-1b and IL-18. IL-33 was first cloned from canine

vasospastic arteries induced by subarachnoid haemorrhage,

and was found to be expressed in cultured smooth muscle

cells in response to IL-1b and interferon-c [11]. IL-33 is

produced as a 30-kDa precursor protein and is cleaved by

caspase-1 to produce a mature, secreted 18-kDa form [10]. In

the IL-1 family, IL-33 is most closely related to IL-18, one of

the best characterized members of the IL-1 family [12].
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Elevated levels of serum IL-18 have been demonstrated to

relate to a wide variety of tumors [13–15], especially to

gastric cancer [6–8]. It has been reported that IL-33 was

significantly increased in the lung tissues of K-ras TG mice,

which is related to cancer development [16]. And some

researchers observed abundant expression of IL-33 in

endothelial cells in several distinct human tumors and also in

cancer cell lines [17, 18]. However, it is not clear to date

whether serum levels of IL-33 are associated with the clinical

significance of patients with cancer. Therefore, in the present

study, we focused on serum levels of IL-33 in patients with

gastric cancer using ELISA to investigate the relationship

between serum levels of IL-33 and clinical significance. We

also detected the expression of IL-33 protein in gastric

cancer cell lines and tissues.

Materials and Methods

Patients and Blood Samples

Sixty-eight patients who underwent resection of gastric

carcinoma in the department of surgery, Ruijin Hospital

between October 2007 and March 2008 were enrolled in

this study. These patients were 26 females and 42 males

from 29 to 80 years of age (59 ± 11, mean ± SD). All

patients were classified according to UICC stage classifi-

cation. The number of patients at each tumor stage was

described as follows: stage I, n = 18; stage II, n = 21;

stage III, n = 23; and stage IV, n = 6. Fifty-seven healthy

volunteers with a mean age of 56 years (range, 24–72; 20

females and 37 males) were recruited as controls. The

healthy volunteers had no history of gastrointestinal com-

plaints. Patients who were unable or unwilling to give

informed consent or who had undergone chemotherapy or

radiation therapy before surgery were excluded, as were

patients and controls with rheumatic disease, acute infec-

tion or other types of cancer. A 10-ml blood sample was

drawn from each subject prior to surgery, spun, aliquot, and

stored at -80�C until testing. Overall survival time was

calculated as the time in months from the date of diagnosis

to death (for non-censored events) or to the most recent

contact/visit (for censored events) as of August 31st, 2010.

All investigations described in this study were done after

informed consent and in accordance with the Institutional

Review Board and the Ethics Committee of Ruijin Hospital

(Shanghai, P.R. China).

Detection of Serum Levels of IL-33 and Tumor

Markers

Serum IL-33 levels were determined using ELISA kits

(R&D Systems) according to the manufacturer’s

instructions. Briefly, undiluted serum samples were reacted

with a monoclonal antibody that recognized an epitope of

human IL-33. The clinicopathologic parameters studied for

prognostic value were depth of invasion, lymph node

metastasis, distant metastasis and tumor stages. Classical

tumor markers of CEA and CA19-9 were routinely mea-

sured by chemiluminescence immunoassay (CLIA, Abbott

Architect i2000) in patients with gastric cancer at our

hospital before operation.

Tissue Samples

For Western blot analysis, seven representative fragments

of fresh tumor and matched normal tissues at least 5 cm

away from malignant tissues were taken within 1 h after

surgery. They were immediately snap-frozen in liquid

nitrogen, and then stored at -80�C until processing.

Cell Culture

Gastric cancer cell lines MKN28, SGC7901, MKN45 and

AGS were all preserved in our laboratory, and human

gastric epithelial cell line GES-1 was obtained from

American Type Culture Collection. Cells were cultured in

advanced Dulbecco’s modified eagle medium (DMEM,

Invitrogen) supplemented with 10% fetal bovine serum and

100 U/ml of penicillin–streptomycin. The cells were

incubated at 37�C in a humidified incubator with 5% CO2

in air. Media were changed three times weekly.

Western Blot Analysis

Cells or tissue samples were lysed in radio immuno pre-

cipitation assay (RIPA) lysis buffer (Beyotime), and PMSF

(1 mM, final concentration) was added after several min-

utes. Protein samples were electrophoresed on 10% dena-

turing sodium dodecylsulfate gels, and transferred to PVDF

membrane (Millipore). IL-33 antibody (Abcam) followed

by HRP-goat anti-rabbit antibody (Kangcheng Co.), and

mouse anti-b-actin antibody (Sigma) followed by HRP-

goat anti-mouse antibody (Kangcheng Co.) were added on

the membrane, respectively. IL-33 and b-actin were visu-

alized by ECL detection (Amersham Pharmacia Biotech)

and analyzed by gray scale scanning quantitation.

Statistical Analysis

Data analysis was performed using the SPSS 13.0 statisti-

cal software package. Data are presented as mean ±

standard deviation (SD). Comparisons were performed

using the nonparametric Mann–Whitney U-test for

unpaired samples and paired t-test for paired samples. The

correlation between the levels of IL-33 and the levels of
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CEA or CA19-9 in gastric cancer patients were analyzed

by Spearman’s coefficient analysis. Analysis of receiver

operating characteristic (ROC) was performed to calculate

the cut-off value. Survival curve was calculated according

to the Kaplan–Meier method and P-value was evaluated by

the log-rank test for censored survival data. Tests with

P \ 0.05 were considered to be statistically significant and

all statistical tests were two-sided.

Results

Western Blot Analysis of IL-33 Expression

To investigate the expression of IL-33 protein in gastric

cancer, we examined gastric cancer cell lines by Western

blot, using human gastric epithelial cell line GES-1 as

control. Meanwhile, we also examined seven gastric cancer

tissue samples, using matched normal tissues as control.

IL-33 protein expression was detected in all cell lines, and

no statistically significant difference was found between

the four gastric cancer cell lines and human gastric epi-

thelial cell line (Fig. 1a). But the average of IL-33

expression levels (IL-33/b-actin ratio) was higher in tumors

than that of controls (P \ 0.05; Fig. 1b, c).

Analysis of Serum IL-33 Levels

Serum IL-33 levels were analyzed in 68 gastric cancer

patients and 57 normal controls. No age or gender differ-

ences were found between gastric patients and control

group. By adding the recombinant human IL-33 protein at

concentrations ranging from 31.25 pg/well (100 ll) to

2 ng/well (100 ll), we established a seven point standard

curve for estimating the concentration of IL-33 in sera of the

patients (R2 = 0.996). The serum concentrations of IL-33

in patients ranged from 25.3 pg/ml to 87.6 pg/ml. The mean

concentration of serum IL-33 in gastric cancer patients

(43.3 ± 10.6 pg/ml) was significantly higher than that in

healthy volunteers (36.3 ± 4.9 pg/ml, range 29.8–53.0

pg/ml, P \ 0.001; Fig. 2). When the cut-off value of serum

IL-33 was set at 39.6 pg/ml, its sensitivity and specificity

for gastric cancer were 68 and 79%, respectively.

Correlations Between Serum IL-33 Levels

and Clinicopathologic Features of the Patients

In Table 1, the relationship between serum IL-33 levels

and clinicopathologic findings in all patients was listed.

Serum IL-33 was associated with factors related to disease

progression, such as depth of invasion (P = 0.034) and

presence of distant metastases (P = 0.036; Fig. 3a).

Although the IL-33 levels in patients with stage I disease

did not differ from normal controls (P [ 0.05), the

levels in patients with stage II, III and IV disease were

significantly higher compared with healthy volunteers

Fig. 1 Expression of interleukin-33 (IL-33) in gastric cancer cell

lines and tissue samples. a Western blot analysis of IL-33 protein

levels in gastric cancer cell lines MKN28, SGC7901, MKN45, AGS

and human gastric epithelial cell line GES-1. b Western blot analysis

of IL-33 protein levels in gastric cancer tissue samples (T1–T7) and

matched normal gastric tissue samples (N1–N7). c IL-33 expression

in tissue samples is presented relative to that of b-actin (*P \ 0.05)

Fig. 2 ELISA for IL-33 in serum. Serum IL-33 levels in patients with

gastric cancer (T) were significantly higher than that in healthy

volunteers (H) (P \ 0.001)
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(P \ 0.05). In addition, serum IL-33 levels increased sig-

nificantly in accordance with the progression of UICC

stage classification (P = 0.019; Fig. 3b). In these gastric

patients, no significant difference was found in serum

IL-33 levels according to age (P = 0.745), gender (P =

0.295), and node status (P = 0.119). Furthermore, we were

unable to demonstrate a correlation between IL-33 con-

centrations and serum CEA concentrations (correlation

coefficient, 0.062; P = 0.615; Fig. 3c) or CA19-9 con-

centrations (correlation coefficient, 0.101; P = 0.412;

Fig. 3d) (data not shown).

Correlation of Serum IL-33 Levels with Survival Rate

The patients with gastric cancer were followed for a

median of 30.0 months (range, 7.5–34.0 months) after

enrollment. Two subgroups were divided according to the

cut-off value of IL-33 calculated on receiver operating

characteristic (ROC) analysis. We compared the survival

curves between the two subgroups. The mean survival time

in the group with higher level of serum IL-33 ([39.6

pg/ml) was 26.7 ± 2.7 months, and that in the group with

lower level of serum IL-33 was 30.8 ± 1.4 months. Kap-

lan–Meier survival curves and log-rank statistics showed

that the serum IL-33 levels could be used as a prognostic

biomarker for gastric cancer patients (P = 0.040; Fig. 4).

Discussion

IL-33 is a recently described member of the IL-1 family

that signals through the IL-1 receptor-related protein ST2

Table 1 Correlations of serum IL-33 levels with the clinicopatho-

logic factors in 68 patients with gastric cancer

Characters No. of patients

(%)

Serum IL-33

levels (pg/ml)

P value

Age, years

\ 60 33 (48.5%) 43.8 ± 10.6 0.745

C 60 35 (51.5%) 42.8 ± 10.6

Gender

Male 42 (61.8%) 44.3 ± 10.7 0.295

Female 26 (38.2%) 41.6 ± 10.3

Depth of invasion

T1 and T2 29 (42.6%) 39.9 ± 7.3 0.034

T3 and T4 39 (57.4%) 45.8 ± 11.9

Node status

Absent 25 (36.8%) 41.3 ± 11.9 0.119

Present 43 (63.2%) 44.4 ± 9.7

Metastasis status

M0 62 (91.2%) 42.6 ± 10.4 0.036

M1 6 (8.8%) 50.4 ± 9.9

Tumor stages

I and II 39 (57.4%) 40.8 ± 10.1 0.019

III and IV 29 (42.6%) 46.6 ± 10.4

Fig. 3 Correlations between

serum IL-33 levels (pg/ml) and

clinical features of gastric

cancer patients. a Serum IL-33

levels in gastric cancer patients

with metastasis or not. Means

are shown by horizontal bars

(P = 0.036). b Serum IL-33

levels in patients with gastric

cancer at different stages

compared with healthy

volunteers. c Correlation of

serum CEA levels and serum

IL-33 levels (correlation

coefficient, 0.062; P = 0.615).

d Correlation of serum CA19-9

levels and serum IL-33 levels

(correlation coefficient, 0.101;

P = 0.412)
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[10]. The ST2 gene encodes three isoforms of ST2 protein

including ST2L, which can serve as a decoy receptor for

IL-33 [19, 20]. The activity of soluble IL-33 does not show T

helper 1 (Th1)-associated proinflammatory characteristics,

in contrast to other closely related family members [21, 22].

On the other hand, stimulation of cells with IL-33 or binding

of IL-33 to the ST2L on mast cells leads to the production of

IL-5 and IL-13 and increases serum immunoglobulin (Ig)

levels, which are typical of Th2-driven hyper-responsive-

ness [10, 23, 24]. Malignant tumors often impair host

immune responses, and Th2 type cytokines have been shown

to down-regulate tumor specific immune response by

inhibiting tumor antigen presentation [25, 26]. Thus exoge-

nous IL-33 seems to act more as an immunoregulatory

cytokine that participates in the control of Th2 immunity

rather than as a proinflammatory cytokine [18]. Recently

several researches suggested that IL-33 may be involved in

tumorigenesis and the development of vascular diseases

[27]. However, to our knowledge, there are no publications

on the clinical characteristics of IL-33 in gastric cancer.

Expression of IL-33 has been observed in various organs

including stomach, lung, and intestine of patients with

Crohn’s disease, as well as in cells including epithelial

cells, fibroblasts, endothelial cells, pancreatic cancer cells

and activated macrophages [9, 10]. In this study, the

expression of IL-33 protein was detected in four gastric

cancer cell lines and gastric carcinoma tissues by Western

blotting. We found that IL-33 was upregulated in gastric

cancer patients in comparison with matched normal tissues.

And we found statistically there was no significant differ-

ence between the four gastric cancer cell lines and GES-1,

which suggested that expression of IL-33 may be

modulated by local environment, or IL-33 also could be

produced by other cells responding to the gastric cancer

cells in tumor.

IL-33 is most closely related to IL-18 of the IL-1 family

[12]. Stimulation through both TLRs and NLRs are all

required for processing and release of IL-18 and IL-33

from normal monocytes [28]. Both precursor forms of

IL-18 and IL-33 are cleaved by caspase-1 to generate

mature and biologically active cytokines [10]. Serum IL-18

levels have been found to be markedly up-regulated in

gastric cancer patients [6–8], which indicate that there may

be a close relation between serum IL-33 and tumor.

However, the IL-18 levels in patients with stage IV disease

did not differ from normal controls [29]. The results of our

study showed that serum levels of IL-33 in patients with

gastric cancer were significantly higher than that of healthy

people, which preliminarily confirmed the hypothesis. And

the levels of IL-33 in patients with stages II, III and IV

disease were significantly higher than that of healthy vol-

unteers, which suggests that serum IL-33 levels may have a

closer correlation with gastric cancer than IL-18 levels.

Furthermore, mature IL-33 was found to signal via the

IL-1R/TLR family member ST2, activating NF-jB and

mitogen-activated protein kinases in a mast cell line [24, 30].

Recent evidence demonstrates that activation of NF-jB

contributes to the development of several types of human

cancer [31, 32]. These findings also suggest that serum IL-33

may be related to progression of the cancer. So in the present

study, we investigated serum levels of IL-33 in gastric cancer

patients, and analyzed potential correlations between serum

IL-33 levels and certain clinical characteristics of the tumor.

The results showed that elevated serum levels of IL-33

correlated with several poor prognostic factors like depth of

invasion, distant metastasis and advanced stage.

In addition, we were unable to demonstrate a correlation

between IL-33 concentrations and serum CEA or CA19-9

concentrations. In other words, elevated serum IL-33 level

was found to be an independent prognostic indicator, and

this lack of correlation suggested that IL-33 and CEA or

CA19-9 might provide complementary information.

In conclusion, our data suggest that serum IL-33 may be

a useful biomarker for predicting the prognosis of gastric

cancer. Prospective studies in a larger population should be

carried out to confirm the findings.
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