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Abstract: Aim: This study aimed to analyze the expression, clinical significance of stanniocalcin 2 in cervical carcino-
ma patients who were treated with radiotherapy. Methods: Stanniocalcin 2 expression was determined by real-time
PCR in 10 pairs of cervical cancer and adjacent normal cervical tissues. Tumor samples from 92 patients diagnosed
from 2004 to 2007 were studied. All samples were obtained prior to treatment start. All cases were clinically di-
agnosed and pathologically confirmed to be cervical carcinoma without distant metastasis, and have been treated
with radical radiation therapy and followed-up for five years. The samples were immunohistochemically analyzed for
stanniocalcin 2 expression and survival analyses were performed. Results: The tumors of cervical cancer patients
had significantly increased expression of stanniocalcin 2 at mRNA level compared with adjacent normal cervical
tissues. High levels of stanniocalcin 2 expression was correlated with shorter overall survival, whereas low levels of
stanniocalcin 2 expression was correlated with longer overall survival (P = 0.003) and progression free survival (P =
0.001) after radiotherapy. Moreover, high expression of stanniocalcin 2 was correlated with lymph node metastasis
(P =0.002). Conclusion: Stanniocalcin 2 could be a useful marker for the prognosis of cervical cancer patients re-
ceiving radiotherapy. Stanniocalcin 2 may contribute to tumor development and radioresistance in cervical cancer.
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Introduction

Cervical carcinoma is one of the most common
malignant tumors in the female reproductive
system, accounting for 8% of the total cases
and total deaths from cancer. The reported
annual incidence of cervical carcinoma in the
United States was about 15,000, and approxi-
mately 70% of cervical cancers occur in devel-
oping countries [1]. Suamous cell carcinomas
account for about 70-80% of cervical cancers
and adenocarcinomas and other pathological
types for 10-15% [2]. In recent years, advances
have been made in clinical treatment due to
the development of radiotherapy (RT), however,
tumor resistance to radiation remains a major
therapeutic problem [3]. Therefore, it is essen-
tial to identify novel molecular markers to pre-
dict the prognosis of cervical cancer after RT,
which will help us to explore additional prognos-
tic factors to identify radioresistant cervical

cancer patients and develop more effective
therapeutic strategies.

Stanniocalcin 2 (STC2) is a secreted, homodi-
meric glycoprotein expressed in a wide variety
of tissues [4]. It belongs to the stanniocalcin
family and has 10 conserved cysteine residues,
which are phosphorylated by casein kinase 2
[5]. The C-terminus of STC2 contains a cluster
of histidine residues, which may coordinate
with metal ions. It has been proposed that STC2
may play important roles in the regulation of
cell metabolism, calcium/phosphate transport
and homeostasis [6]. Overexpression of STC2
contributes to postnatal growth restriction,
reduced skeletal muscle and bone growth in
mice [7]. Phosphorylation of STC2 is catalyzed
by the action of an ecto-protein kinase, and the
ecto-kinase activity could be abolished by hep-
arin [6]. Expression of STC2 is induced by hor-
mone signaling such as E (2), P4 and RA signal-
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Table 1. Patient characteristics

Characteristic No. of Patients %
Age (y)

<50 41 44.6

> 50 51 55.4
Figo stage

B2 10 10.9

1AL 4 4.4

I1A2 2 2.2

IIB 52 56.4

A 9 9.8

1B 15 16.3
Tumor size

<4cm 13 14.1

>4 cm 79 75.9
Differentiation

Grade 1 and 2 25 27.2

Grade 3 67 72.8
Histology

SCC 85 92.4

AC 7 7.6
LN metastasis

Yes 48 52.2

No 44 47.8
Total No. of Patients 92 100

SCC: squamous cell carcinoma; AC: adenocarcinoma.

ing pathways in some cancers, and it can
function in a paracrine/autocrine fashion to
reduce cell proliferation in hormone receptor
negative cell lines [8]. Recent studies have
shown that STC2 expression was up-regulated
in several cancers, including prostate cancer,
breast cancer, gastric cancer, colon cancer,
neuroblastoma, and esophageal squamous cell
carcinoma [8-12], indicating its important roles
in promoting tumor development and progres-
sion. A clinical retrospective study revealed that
STC2 could be used as a biomarker of progno-
sis and response to radiation therapy in
patients with nasopharyngeal carcinoma [13].
Thus, STC2 may be involved in radioresistance
in cancer therapy. However, the role of STC2 in
the response to radiation therapy in patients
with cervical cancer has not been explored.

The aim of this study was to investigate the
clinical significance of STC2 in cervical carci-
noma patients undergoing RT. This study is the
first to support interactions between STC2
expression and clinical outcome of this
population.
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Materials and methods
Patients

The database of The Affiliated Suzhou Municipal
Hospital of Nanjing Medical University was
reviewed from 2004 to 2007, and a total of 92
cervical cancer patients. Characteristics of the
patients, diseases and treatments are provid-
ed in Table 1. The mean age was 46.8 years,
with an age range of 25-68 years. No patient
had previously been treated with radiotherapy
and chemotherapy at the time of original biop-
sy. Patients without distant metastasis were
treated with a combination of 3-dimensional
conformal external beam RT with concurrent
weekly 30-mg/m? cisplatin and high- dose rate
(HDR) brachytherapy as previously described
[14]. Total radiation doses ranged from 45-61.2
Gy (median, 50.4 Gy) in 1.8-2 Gy (median, 1.8
Qy) fractions. Intracavitary HDR brachytherapy
of 20-25 Gy was conducted using a tandem
and colpostat. Antiemetics and anticonvul-
sants drugs were administered if needed.

RNA extraction and real-time PCR

Total RNA was isolated for Trizol reagent
(Invitrogen, Carlsbad, CA) according to the
instructions and cDNA was reversibly tran-
scribed from the isolated mRNA using an
M-MLV reagent kit (Clontech, USA) following the
manufacturer’s instructions. The primers of
STC2 and GAPDH genes were designed as fol-
lows: STC2 forward: forward primer, 5’-ATGCTA-
CCTCAAGCACGACC-3’;reverse, 5-TCTGCTCACA-
CTGAACCTGC-3’; GAPDH forward: 5-TGTTCGAC-
ACTCCTCCGTCAGC-3/, reverse: 5-CAAATCCCC-
CAATACGACGTT-3'. The copy number of each
sample was calculated and all the data were
normalized to GAPDH prior to comparative
analysis using 22t method.

Immunohistochemical staining

Immunohistochemical staining was carried out
to determine the expression pattern of STC2 in
cervical cancer. Tissue sections of 5-uym thick-
ness were cut from paraffin-embedded tissue
blocks onto pre-coated slides and were then
deparaffinized with xylene and rehydrated with
ethanol. After washing in phosphate-buffered
saline (PBS), slides were heated by microwave
treatment in a 10-mM citrate buffer (pH 6.0) for
7 min for antigen retrieval. Then they were
rinsed in peroxidase quenching solution
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Figure 1. Analysis of STC2 mRNA in 10 pairs of cervical cancer and paired adjacent normal cervical tissues by Real
time-PCR. asterisks, P < 0.05.
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Figure 2. Representative immunostaining of STC2 protein expression in cervical cancer tissues. The immunostain-
ing of STC2 protein was mainly located in the cytoplasm of tumor cells. A. Negative expression; B. Weak expression;
C. Moderate expression; D. Strong expression. Maghnification: 400 x.

(Invitrogen, USA) to block endogenous peroxi- antibody targeting STC2 (1:200, Abcam, USA)
dase, and then incubated with a primary mouse at 4°C overnight. They were then incubated
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Table 2. STC2 expression in cervical can-
cer patients according to clinicopathologic
features

Characteristic No. —(——— STe2
high  low
Age (y) 0.458
<50 41 29 12
> 50 51 20 31
FIGO Stage 0.710
<I1IB 68 37 31
> 1B 24 12 12
Tumor size 0.213
<4cm 13 9 4
> 4cm 79 40 39
Differentiation 0.073
Grade 1/2 25 9 16
Grade 3 67 40 27
Histology 0.830
SCC 85 45 40
AC 7 4 3
LN Metastasis 0.002
Yes 48 33 15
No 44 16 28
Total NO. 92 49 43

SCC: squamous cell carcinoma; AC: adenocarcinoma.

with an HRP-conjugated anti-mouse secondary
antibody (1: 200, Abcam, USA) at room temper-
ature for 30 min. Finally, a 3,3’-diaminoben-
zidine (DAB) solution was added, followed by
counterstaining with hematoxylin.

The stained tissue slides were scored indepen-
dently by two observers who were blinded to
the clinical or clinicopathological status of the
patients. An immunoreactivity scoring system
was used. The proportion of tumor cell staining
was evaluated in terms of four grades: O, (no
positive tumor cells); 1, (< 10% positive tumor
cells); 2, (10-50% positive tumor cells); 3, (51-
80% positive tumor cells); and 4, (> 80% posi-
tive tumor cells). The staining intensity was
graded according to the following criteria: O, no
staining; 1, weak staining; 2, modest staining;
and 3, strong staining. The final score was cal-
culated as the product of staining intensity
score and the proportion of positive tumor cells
0, 1, 2, 3,4, 6,8, 9 and 12). The cutoff value
for high and low expression level was chosen
based on a measure of heterogeneity with the
log-rank test statistical analysis with respect to
overall survival (OS) and progression free sur-

8773

vival (PFS). An optimal cutoff value was identi-
fied: a staining score of < 4 was used to define
tumors with low STC2 expression and a stain-
ing score of > 4 was used to indicate high STC2
expression.

Statistical analysis

Overall survival (OS) and progression free sur-
vival (PFS) time were defined as the time from
the diagnosis of cervical cancer to the date of
death or progression. All of the survival curves
were plotted using the Kaplan-Meier method.
The Cox’s proportional hazard model was used
to stepwise multivariate analysis. P < 0.05 in all
cases was considered statistically significant.
All statistical analyses were carried out using
the SPSS17.0 statistical software package.

Results

Expression of STC2 mRNA in cervical cancer
and adjacent normal tissues

We determined the levels of STC2 mRNA in 10
pairs of cervical tumor tissues and adjacent
normal tissues by real time-PCR. The samples
were obtained from randomly selected cervical
cancer patients before RT. Figure 1 show that
the expression of STC2 mRNA was significantly
higher in the cervical cancer tissues than in the
paired normal tissues.

Immunoexpression of STC2 in cervical can-
cer and association with clinicopathological
parameters

Immunohistochemistry was performed to dete-
ct the expression pattern of STC2 protein in
cervical cancer tissues. The positive staining of
STC2 wan mainly found in the cytoplasm of
tumor cells. The representative immunostain-
ing of STC2 in cervical cancer was shown in
Figure 2A-D. Immunohistochemical staining of
STC2 levels was statistically analyzed to deter-
mine their relationship with the clinical features
of cervical cancer. As shown in Table 2, the
expression of STC2 was significantly correlated
with lymph node metastasis (P = 0.002).
However, there was no association between
the expression of STC2 protein and other fac-
tors including age, FIGO stage, tumor size, dif-
ferentiation, or histological type.
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Figure 3. Kaplan-Meier overall survival (A) and progression free survival (B) of patients with cervical cancer who had
STC2-high and STC2-low character. A significant difference was observed between two groups.

Table 3. Multivariate analysis of prognostic factors for OS and PFS

Variables 05 PFS
HR (95% Cl) P HR (95% Cl) P

Age (> 50 vs. < 50) 1.07 (0.16-5.32 0.403 1.18 (0.142-6.056) 0.433
FIGO Stage (> IIB vs. < IB) 2.19 (0.87-6.98 0.141 2.75 (1.782-8.219) 0.194
Tumor size (> 4 cmvs. <4 cm) 154 (0.73-4.93) 0.443 1.46 (0.775-5.278) 0.578
Differentiation (Grade 3 vs. 1/2) 1.87 (0.25-5.36 0.876 2.10 (0.624-7.928) 0.712
Histology (SCC vs. AC) 1.15 (0.26-4.18 0.264 1.53 (0.244-6.258) 0.357
LN Metastasis (Yes vs. No) 2.65 (1.07-6.49 0.035 2.41 (1.175-7.526) 0.056
STC2 expression (High vs. Low) 6.12 (2.491-9.347) 0.013 5.35(2.342-7.163) 0.004

Correlation between STC2 expression and
patients’ survival

The correlation between the STC2 expression
and patients’ survival was explored by the
Kaplan-Meier analysis. Patients with high STC2
levels had a significantly shorter overall and
progression free survival than those with low
levels (Figure 3, P = 0.003, and 0.001, respec-
tively). Then, multivariate regression analysis
was performed with the Cox proportional haz-
ards regression model to analyze the indepen-
dent factors related to prognosis. As shown in
Table 3, high STC2 expression was an indepen-
dent prognostic factor for overall and progres-
sion free survival (P = 0.013, and 0.004,
respectively).

Discussion

In this study we found that the tumors of cervi-
cal cancer patients had significantly increased

8774

expression of STC2 at the mRNA level relative
to adjacent normal cervical tissues. In addition,
our survival analysis of cervical cancer patients
after RT indicated that STC2 expression was
significantly associated with poor overall and
progression free survival. Moreover, STC2
expression was significantly correlated lymph
node metastasis in those patients. Thus, there
is a possibility that STC2 overexpression is
related to radioresistance and tumor progres-
sion in cervical cancer.

Radioresistance is the basic biological charac-
ter which is related to progression and also
effect on the survival of cervical cancer
patients. The prognosis of these patients is
usually poor. The reported 5-year survival rates
of patients who recur after radiotherapy or sur-
gery are between 3.2% and 13% [15]. Thus,
identifying prognostic biomarker may facilitate
the prediction of response radiotherapy, thus
help guiding the choice of treatment. Previous
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RT studies indicated that the radiation sensitiv-
ity had correlation with cell cycle regulation,
and STC2 plays an important role in cell cycle
regulation. In particular, ectopic expression of
STC2 promoted cancer cell proliferation and
colony formation, while silencing of endoge-
nous STC2 resulted in a reduced cell growth by
cell cycle delay in GO/G1 phase [16]. Tumor
radioresistance could also be governed by CSC
resistance to reactive oxygen species and
micro environmental factors such as hypoxia
[17], and STC2 also has been found to be
upregulated and promotes cancer cell prolifera-
tion under hypoxia [18]. Recently, it has been
suggested that the STC2 gene may play a role
in human carcinogenesis [19]. In our study, we
found that STC2 expression in cervical cancer
tissues was overexpressed in comparison with
those in adjacent normal tissues, suggesting
that STC2 may play a vital role in cervical can-
cer development.

Previous studies have shown that STC2 overex-
pression is associated with poor prognosis or
cancer progression in several cancers. Arigami
et al. reported that the 5-year survival rate was
significantly lower in patients with STC2 expres-
sion compared to patients without STC2 expres-
sion, and that its expression was significantly
correlated with age, depth of tumor invasion,
lymph node metastasis, stage and venous inva-
sion [20]. Law et al. demonstrated that STC2
promotes epithelial-mesenchymal transition
and invasiveness in hypoxic human ovarian
cancer cells [21]. Yokobori et al. proposed that
high expression level of STC2 in gastric cancer
tissues could be a very powerful marker of poor
prognosis [9]. These studies indicate the role of
STC2 in predicting the clinical outcome of can-
cers. In line with these studies, our study
revealed the relationship between STC2 expres-
sion and the outcome of cervical patients
receiving radiotherapy, which further indicate
the crucial role of STC2 in radioresistace.

Interestingly, our study demonstrated that
STC2 overexpression is associated with lymph
nodes metastasis, while is not associated with
age, tumor stage, tumor size, differentiation, or
histological type in cervical cancer patients.
These results was in consistent with the report
by Lin and colleagues, who revealed that STC2
overexpression correlates to poor prognosis for
nasopharyngeal carcinomas after RT and could
be used as a novel marker to predict tumor
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responses to RT [13]. Our results indicate that
STC2 may be a factor in predicting responses
to RT in cervical cancer patients.

There are several limitations in this study. The
cervical cancer specimens were not necessari-
ly from the same date before RT, although most
were within 1 week. Moreover, the data of this
retrospective study was from one single institu-
tion, but involving different radiologists, and
there might be a lack of uniformity. Further, we
included patients combined with chemothera-
py, which may have influenced the results.

In summary, STC2 had a high correlative rela-
tionship with the clinical outcome in patients
with cervical cancer treated with RT, and STC2
is a very useful factor for predicting survival in
those patients. Therefore, we suggest that the
STC2 be included in the routine assessment of
cervical cancer patients before radiotherapy.
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