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Prognostic value of interleukin-33 in cervical
cancer patients who underwent radical hysterectomy
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Abstract: Aim: Interleukin-33 (IL.-33) is an interleukin-1-like cytokine which is involved in the immune response.
The aim of this study was to investigate the expression of IL-33 in cervical cancer and explore the prognostic value
of IL-33 in cervical cancer patients. Methods: The expression of IL-33 in human cervical cancer tissues was de-
tected using quantitative reverse transcription-polymerase chain reaction and immunohistochemical analysis. The
relationships of IL-33 expression with the clinical characteristics and survival of patients were analyzed. Results:
The expression of IL-33 mRNA was significantly higher in cervical specimens compared with paired adjacent non-
cancerous tissues. IL-33 protein expression was significantly related to FIGO stage (P=0.003) and lymph node me-
tastasis (P=0.044). Kaplan-Meier and multivariate analyses suggested that high IL-33 expression was significantly
associated with unfavorable overall (P=0.035) and recurrent-free survival (P=0.011) of cervical cancer patients.
Multivariate survival analysis indicated that serum IL-33 was an independent prognostic factor for cervical cancer
patients. Conclusion: These results suggest that IL-33 expression is correlated with tumor development and progres-

sion of cervical cancer and may serve as an indicator of poor prognosis in patients with cervical cancer.
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Introduction

Cervical cancer is a major cause of morbidity
and mortality in women, with an age standard-
ized mortality rate of 10/10,000 in developing
countries, which is more than three times high-
er than in developed countries [1]. Worldwide,
there are estimated 529,000 new cases and
275,000 deaths reported worldwide annually
[2]. Early cervical cancer is often asymptomat-
ic, and many patients with cervical cancer are
diagnosed at an advanced stage, when patients
have little prospect of effective and curative
treatment [3]. The mechanisms that drive tu-
morigenesis, tumor invasion, metastasis and
drug resistance are critical survival-influencing
factors in cervical cancer, are still complex and
currently, poorly understood. Therefore, identi-
fication of new biomarkers involved in the carci-
nogenesis and development of cervical cancer
may improve our understanding of the diagno-
sis and treatment of cervical cancer.

Interleukin-33 (IL.-33), a member of the IL-1
family of cytokine, was first discovered in nuclei

of endothelial cells of the high endothelial
venules of lymph nodes [4]. IL-33 contains a
histone-binding domain and an IL1-like cytokine
domain, and was constitutively expressed in
endothelial and epithelial cells of mucosa mem-
bers, keratinocytes and fibroblasts [5]. It exerts
biological function by binding to a full-length
membrane molecule ST2 on the surface of
T-helper 2 (Th2) cells. Depending on the cellular
and cytokine context, IL-33 participates in host
defense and immune diseases with dual, pro-
inflammatory, or protective roles [6]. In addi-
tion, IL-33 has been shown to induce immune
response, and acts as a “danger signal” in ne-
crotic cells [7]. More recently, it has been
reported that disruption of ST2 signaling may
enhance the anti-tumor immune response, sug-
gesting IL-33 impedes anti-tumor immunity [8].
IL-33 has also been shown to be related to can-
cer development. Yamada et al. demonstrated
that IL-33 administration results in the increa-
sed expression of IL-6 and the development of
cholangiocarcinoma in mouse model, highlight-
ing the role of inflammatory cytokines in the
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Figure 1. Increased IL-33 expression in cervical
cancer specimens. Real-time PCR analysis of I1L.-33
expression level in cervical cancer tissues com-
pared with paired non-cancerous tissues. asterisks,
P<0.05.

oncogenesis of cholangiocarcinoma [9]. Fang
el al. proposed that induced IL-33 expression
enhances the tumorigenic activity and microg-
lia/macrophage infiltration of glioma cells [10].
Liu et al. found that expression of 1.-33 was
higher than in normal breast tissues, and was
also associated with more lymph nodes involve-
ment of breast cancer, suggesting that IL-33
may play an important role in the progress and
metastasis of breast cancer [11]. However, the
role of IL-33 in patients with cervical cancers is
not elucidated.

To confirm the expression pattern of IL-33 in
cervical cancer tissues and evaluate its asso-
ciations with tumor progression and patients’
prognosis, immunohistochemistry was perfo-
rmed using 102 formalin-fixed and paraffin-
embedded cancerous tissues from patients
with cervical cancer. Then, the associations
between IL-33 expression, clinicopathological
characteristics, and prognosis of cervical can-
cer patients were statistically evaluated. The
results indicate that IL-33 has a key role in
tumor progression and that IL-33 expression is
associated with the clinical prognosis in pa-
tients with cervical cancer.

Materials and methods
Patients and sample collection

A total of 102 primary cervical cancer cases
were histopathologically and clinically diag-
nosed in the Longhua New District Central
Hospital of Shenzhen between 2000 and 2007.
All the patients received radical hysterectomy,
while none of the patients had been treated
with any tumor-specific therapy before surgery.
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The follow-up period ranged from 2 to 60
months after surgical resection (average: 43.1
months; median: 51.4 months). Patients who
died of other causes were excluded from the
analysis. Tissue samples from non-cancerous
oral lesions were also collected during the
study period and served as the normal con-
trols. Prior patient’s written informed consent
was obtained for use of the tissue samples
for research purposes. This study was approv-
ed by the institutional ethics committee of
the Longhua New District Central Hospital of
Shenzhen.

Real-time reverse transcription (RT)-PCR

Total RNA from 8 pairs of frozen cervical cancer
and paired adjacent non-cancerous cervical
tissues were extracted using Trizol reagent
(Invitrogen). Reverse transcription reactions
were performed according to the manufactur-
er’s protocol. Quantitative PCR was carried out
with SYBR Premix Ex Taq (TaKaRa) in the ABI-
7300 Real-Time PCR System (Applied Bios-
ystems) for 40 cycles under the following condi-
tions: 95°C 10 s, then 60°C 10 s, and 72°C 20
s. The results were normalized to those of the
GAPDH control. The sequences for sense and
antisense primers are as follows: 1L-33, for-
ward, 5-AATCAGGTGACGGTGTTG-3’, reverse,
5-ACACTCCAGGATCAGTCTTG-3’; GAPDH, forw-
ard, 5-GAAGGTGAAGGTCGGAGTC-3’, reverse,
5-GAGATGGTGATGGGATTTC-3..

Immunohistochemistry

Immunohistochemical analysis was perform-
ed to study IL-33 expression in 102 paraffin-
embedded tissues which had been processed
into 5-mm serial sections. Briefly, the sections
were dewaxed in xylene and rehydrated in
grade alcohol, and then they were boiled in 10
mmol/L of citrate buffer (pH 6.0) for antigen
retrieval. After inhibition of endogenous peroxi-
dase activities by 3% hydrogen peroxide in
methanol, slides were treated with 1% bovine
serum albumin to block non-specific binding.
Next, the slides were incubated with a rabbit
monoclonal anti-IL-33 antibody (1:150; Abcam).
After washing, the tissue sections were then
incubated with the biotinylated secondary anti-
body followed by further incubation with strep-
tavidin-horseradish peroxidase complex. Nega-
tive control slides were prepared by omitting
the primary antibody under the same experi-
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Figure 2. Representative immunostaining of IL-33 in cervical cancer tissues. High (A. 200x%; B. 400x magnification)
and low (C. 200x%; D. 400x magnification) expression of IL-33 in cervical cancer tissues.

mental conditions, and the absence of non-
specific immunoreactive staining was confirm-
ed.

Immunoreactivity was semi-quantitatively eval-
uated on the basis of staining intensity and
distribution scores. The intensity score was
defined as 0, negative; 1, weak; 2, moderate; or
3, strong, and the proportion score was defined
as 0, negative; 1, <10%; 2, 11-50%; 3, 51-80%;
or 4, >80% positive cells. The immunoreactivity
score, which defined as the product of the pro-
portion score multiplied by the intensity score,
ranged from O to 12. The sections were divided
into the following three groups based on the
immunoreactivity score: negative immunoreac-
tivity was defined as low expression was defined
as a total score of <4 and high expression was
defined as a total score >4.

Statistical analysis

All the experiments were repeated at least 3
times, and data were analyzed for statistical
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significance by using the SPSS software (SPSS
16.0). Result of quantitative data was ex-
pressed as the mean + SD and evaluated using
the Student’s t-test. The survival index was
obtained using the Kaplan-Meier method and
compared using the log-rank test. In all com-
parisons, differences are considered statisti-
cally significant at P<0.05.

Results

IL-33 is overexpressed in human cervical can-
cer tissues

To examine the expression pattern of IL-33 in
cervical cancer, we used real-time RT-PCR anal-
ysis to assess the difference mRNA levels of
IL-33 in cervical cancer tissues and paired
adjacent non-cancerous tissues. As anticipat-
ed, IL-33 expression was significantly upregu-
lated in cervical cancer tissues compared with
that of adjacent non-cancerous tissues (Figure
1). The representative immunostaining of IL-33
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Table 1. Association of cervical cancer clinical-
pathological parameters and IL-33 expression

IL-33

glr:glr(;%?(::iiiilc? & Category No. M value
High Low

Age (y) <50 63 41 22 0.167
>50 39 20 19

FIGO stage Ibl 67 33 34 0.003
>bl 35 28 7

Differentiation 1/2 44 24 20 0.345
3 58 37 21

Tumor size <4cm 65 39 26 0.167
>4cm 37 22 25

LN Metastasis No 81 44 37 0.044

Yes 21 17 4

protein in cervical cancer tissues was shown in
Figure 2.

Relationship between IL-33 expression and
clinical features

Table 1 shows the relationship between [L-33
expression and the clinical features. IL-33
expression did not vary significantly with gen-
der, age or tumor differentiation.

However, we found a significant correlation
between IL-33 expression and FIGO stage
(P=0.003) and lymph nodes metastasis (P=
0.044).

Relationship between IL-33 expression and
prognosis

For the survival analysis, the median duration
of follow-up after surgery was 43.1 months
(range 2-60 months). The patients’ survivals of
all 102 cases were significantly influenced by
FIGO stage, tumor size, lymph node metastasis
as well as IL-33 expression. As shown in Figure
3, patients with higher IL-33 expression had
worse overall survival (P=0.035) and recurrent-
free survival (P=0.011) than those with lower
IL-33 expression. Multivariate analysis indi-
cated that IL-33 expression was an indepen-
dent prognostic factor of patient’s overall sur-
vival (P=0.042) and recurrent-free survival
(P=0.014), as shown in Table 2.

Discussion

Although several molecular factors and histo-
logical features have been reported to be asso-
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ciated with the progression and prognosis of
cervical cancer, more effective biomarkers are
necessary for the early-stage diagnosis and the
accurate prediction of the clinical outcome of
cervical cancer patients. In this study, we inves-
tigated the expression pattern and the poten-
tial prognostic role of IL-33 in cervical cancer.
Our data showed that the expression of 1L-33
was upregulated in human cervical cancer tis-
sues compared with that in paired adjacent
non-cancerous tissues. In addition, the rela-
tionship between clinicopathological features
and IL-33 expression showed that IL-33 expres-
sion was positively correlated with FIGO stage
and lymph nodes metastasis. To evaluate the
prognostic value of IL-33 expression in cervical
cancer patients, we divided them into two sub-
groups (high IL-33 expression and low IL-33
expression) and compared outcome between
the two groups. The Kaplan-Meier survival anal-
ysis revealed that patients with high IL-33
expression had shorter overall and recurrent-
free survival than those with low IL-33 expres-
sion. To our knowledge, this is the first study to
demonstrate IL-33 as a candidate prognostic
biomarker for cervical cancer.

IL-33 is @ member of the interleukin family of
cytokines that regulates a wide variety of cellu-
lar functions. Its receptor is ST2, an IL-1 recep-
tor family member that also acts as a negative
regulator of TLR-IL-AR signaling and the IL-1R
accessory protein [12]. By binding to the ST2
receptor, 1L-33 can activates NF-kB and MAP
kinases, which in turn stimulate the down-
stream expression of TH2-associated cytokines
such as IL-4, IL-5 and IL-6 [13]. More recently,
IL-33 has been shown to participate in many
diseases with dual proinflammatory or protec-
tive roles depending on the cellular and cyto-
kine context. Carlock et al. revealed that high
level expression of 1L-33 during ovulation and
fluctuated IL-33 expression during estrous
cycle are associated with ovarian tissue homeo-
stasis [14]. Byrne et al. found that IL-33 is sig-
nificantly upregulated in inflamed skin samples
of atopic dermatitis patients, and hypothesized
that IL-33 acts as a novel “alarmin” that is
released in the full-length active form after tis-
sue damage. In this way, IL.-33 can mediate the
recruitment of innate immune cells to sites of
infection or cellular damage [15]. In support of
this hypothesis, Lee et al. observed a positive
correlation of 1L-33 expression level in pleural
and the existence of tuberculous pleurisy, fur-
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Figure 3. Survival analysis of IL-33. Kaplan-Meier curves for overall and recurrent-free survival of IL.-33 low vs high

expression in patients with cervical cancer.

Table 2. Multivariate Analyses of Parameters Associated with OS and RFS in cervical cancer patients

Overall survival

Recurrent-free survival

Parameter

HR (95% Cl) P value HR (95% Cl) P value
Age (>50 vs <50) 1.084 (0.211-3.654) 0.128 1.424 (0.146-5.102) 0.115
Tumor Stage (>1b1 vs Ib1) 2.495 (0.138-7.376) 0.036 1.258 (0.059-6.138) 0.274
Differentiation (Grade 3 vs 1/2) 1.282 (0.575-4.852) 0.740 1.247 (0.063-4.746) 0.869
Tumor size (>4 cm vs <4 cm) 1.426 (0.274-5.246) 0.092 1.307 (0.155-6.614) 0.075
LN Metastasis (+ vs -) 2.446 (0.100-4.512) 0.029 2.153 (0.527-6.726) 0.064
IL-33 expression (High vs Low) 3.126 (0.754-5.164) 0.042 3.752 (1.175-7.615) 0.014

ther indicating the roles of IL-33 in inflammato-
ry responses and pathogenesis [16].

On the other hand, mounting evidence has
suggested the role of IL-33 beyond immune
responses. Namely, it may serve as a potential
prognostic biomarker and a valuable therapeu-
tic target for a variety of human cancers. Hu et
al. demonstrated that circulating levels of 1L-33
were elevated in patients with non-small-cell
lung cancer (NSCLC), and that IL-33 could be
used as a promising potential diagnostic and
prognostic marker in NSCLC [17]. Santulli et al.
unvealed that serum IL-33 is elevated in women
with uterine leiomyoma and correlated with
features of uterine leiomyoma tumor burden
[18]. Tong et al. reported that interleukin-33
predicts poor prognosis and promotes ovarian
cancer cell growth and metastasis through reg-
ulating ERK and JNK signaling pathways [19]. In
the present study, our data show that high
expression of IL-33 was significantly correlated
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to lymph node metastasis and poor prognosis
in cervical cancer patients. These finding are
partially consistent with those of previous
reports, and together indicate the utility of
IL-33 as a prognostic marker in human can-
cers.

Previous study has shown that IL-33 protein
and mRNA levels in cervical tissues were sig-
nificantly lower in severe CIN patients than that
of mild CIN or no CIN patients. However, cervi-
cal cancer tissues did not show reduced IL-33
expression compared with severe CIN tissues
[20]. The data was not in agreement with our
findings, where the expression of IL-33 was up-
regulated in cervical cancer tissues compared
with that in paired adjacent non-cancerous tis-
sues, and IL-33 expression level was higher in
advanced stage cervical cancer tissues com-
pared with that in early stage diseases. The dif-
ference may be due to the different roles of
IL-33 in proliferative and cancerous diseases.

Int J Clin Exp Pathol 2016;9(5):5466-5472
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In conclusion, this is the first study to show a
significant correlation of the expression level of
IL-33 and clinical survival in cervical cancer
patients. In view of these data, analysis of IL.-33
expression in surgical tissue samples from cer-
vical cancer patients may provide additional
information to the decision-making process
regarding appropriate treatment strategies in
cervical cancer. Further studies assessing the
correlation of IL-33 expression with prognosis
and metastasis in a larger cohort of patients
are necessary to confirm the utility of IL-33 as a
viable prognostic marker and target of cervical
cancer therapies.
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