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Background: SDF-1 and NF-kB are associated with the prognosis of a wide range of cancers, but their value in cervical can-
cer remains controversial. The aim of this study was to investigate the expression of SDF-1and NF-kB in cervi-
cal cancer and their significance in clinical prognosis.

Material/Methods: The expression of SDF-1and NF-xB in 105 formalin-fixed, paraffin-embedded cervical cancer tissues and the
adjacent tissues was examined by immunohistochemistry (IHC). The results were semi-quantitatively scored
and analyzed by chi-square test. The overall survival times (OS) were collected by follow-up and analyzed by
Kaplan-Meier analysis.

Results: The expression level of both SDF-1and NF-xB in cervical cancer are higher than that in the adjacent tissues
(P<0.05). SDF-1 expression are correlated with tumor size and FIGO histology grade (P<0.05). NF-kB expression
are correlated with tumor size and FIGO histology grade, and lymph node metastasis (LNM) status (P<0.05).
The patients with a positive expression of SDF-1or NF-kB tended to have much shorter survival time than pa-
tients with negative expression. In addition, multivariate Cox regression analysis demonstrated that SDF-1 ex-
pression and lymph node metastasis are independent predictors of the OS in cervical cancer patients.

Conclusions: The expression of SDF-1 is significantly associated with tumor size and FIGO histology grade. The expression of
NF-xB is significantly associated with tumor size, FIGO histology grade, and lymph node metastasis. The posi-
tive SDF-1or NF-kB expression is significantly correlated with poor prognosis. These may be valuable biomark-
ers for the prognosis and the potential therapeutic targets of cervical cancer.
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Background

In women, cervical cancer is the second most common malig-
nant tumor worldwide and is one of the leading causes of can-
cer-related death in developing countries [1,2]. Although the
incidence of cervical cancer is generally decreasing, it is still a
serious public health problem worldwide, especially in develop-
ing countries, and the average age of cervical cancer patients
is decreasing [3]. Human papillomavirus (HPV) is considered
the major cause of cervical cancer, but viral infection alone is
not sufficient for its development. The pathogenesis of cervical
cancer is still unclear and probably involves aberrant expres-
sion of numerous oncogenes and anti-oncogenes [4,5]. Many
distinct advances have been made in the prevention, surgical
resection, radiotherapy, and chemotherapy of cervical cancer,
but the prognosis of cervical cancer patients remains poor. The
5-year survival of the patients with advanced cervical cancer
is less than 40% [6]. Therefore, it is important to better un-
derstand molecular events in the invasion and metastasis of
cervical cancer and to develop novel prognostic markers and
therapeutic strategies.

Stromal cell-derived factor-1 (SDF-1), which is a chemoattrac-
tant cytokine, is involved in a variety of physiological and path-
ological activities. With regard to cancer, substantial evidence
indicated that SDF-1 plays crucial roles in the cell growth, apop-
tosis, invasion, and metastasis of many kinds of cancers [7-9].
It is well acknowledged that chronic inflammation is widely
connected with the initiation and progression of cervical can-
cer [10,11]. Inflammatory cytokines such as chemokines, in-
flammatory proteins, and adhesion molecules are known as
the main causes of chronic inflammation. Numerous studies
have revealed that NF-kB, as a transcription factor, is cheifly re-
sponsible for the activity of these cytokines [12,13] and is also
implicated in the development of a wide range of cancers [14].
However, to the best of our knowledge, the final role of SDF-
1and NF-xB in cervical cancer remains unclear.

In the present study, we used tissue microarray and the immuno-
histochemistry method to detect the expression of SDF-1and NF-
kB in 105 cases of human cervical cancer tissues and their paired
adjacent tissues. The purpose of this study was to investigate the
association of SDF-1and NF-kB expression with clinicopathologi-
cal parameters of cervical cancer and to evaluate the prognostic
value of SDF-1and NF-kB expression in cervical cancer patients.

Material and Methods

Patients and tissues specimens

We analyzed a total of 105 formalin-fixed, paraffin-embedded
cervical cancer tissues and the adjacent tissues at the time
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of operation from January 2002 to November 2013 at East
Hospital, Tongji University. All these cancer tissues were con-
firmed as cervical cancer by medical examination and hema-
toxylin and eosin staining after surgical resection. None of the
patients received adjuvant chemotherapy, radiation therapy,
or other anti-tumor therapies. Important related clinicopath-
ological parameters of the patients, such as age, tumor size,
FIGO stage, lymphatic metastasis, stromal invasion, differen-
tiation, and survival time, were obtained from each patient’s
medical records and are shown in Tables 1 and 2. The surviv-
al time was calculated from the date of surgery to the date of
death, or the last known follow-up. This study was approved
by the Ethics Committee of East Hospital, Tongji University.
All cervical cancer tissue samples included in this investiga-
tion were obtained with patients’ written informed consent.

Immunohistochemical staining

A standard immunohistochemistry method was used to study
SDF-1and NF-kB expression in cervical cancer tissues and the
adjacent tissues. Briefly, the tumor tissues and adjacent tissues
were fixed in 10% formaldehyde and embedded in paraffin and
then we cut the paraffin sections into 4-pm sections. All the
4-um tissue sections were dewaxed and rehydrated with xy-
lene and graded alcohol, respectively. We washed the sections
with buffer solution for 5 min and then added the primary an-
tibody into them at 4°C overnight. After that, we washed the
sections again and added the second antibody (R&D Systems
Inc., Minneapolis, MN; dilution 1:50) into the sections. Samples
treated by PBS rather than primary antibody were used as
negative controls. Afterwards, we washed the sections with
phosphate-buffered saline (PBS) and developed them with 3,
3’-diaminobenzidine (DAB) for 5 min and counterstained them
with hematoxylin. Results are presented as the percentage of
the staining cells (0 to 100%) in tissues. Staining under 20%
of the tissue cells or no staining was included in the negative
group (), while the others belonged to the positive group (+).
All the sections were assessed under an optical microscope by
2 independent investigators, and any discrepancy in immuno-
histochemistry was resolved by consensus.

Statistical analysis

The expression of SDF-1 and NF-kB in cervical cancer and ad-
jacent cancer tissues was compared with the paired Wilcoxon
test. Chi-square test and Fisher’s exact test were used to as-
sess the association between clinical characteristics of cervical
cancer patients and SDF-1and NF-kB expression. The prognosis
of cervical cancer and SDF-1and NF-kB expression were deter-
mined using Kaplan-Meier survival analysis and log-rank test
for univariate analysis. Significant variables identified by uni-
variate testing were included in the Cox multivariate regression
analysis. P<0.05 was assumed to be statistically significant for
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Table 1. Expression of SDF-1 in relation to pathologic and clinical variables.

Clinicopathological parameters

SDF-1xpression
P value

all tests. Spearman rank correlation was used to analyze the
correlation between SDF-1 and NF-xB expression. All statis-
tical analyses were performed using SPSS version 18.0 soft-
ware (SPSS Inc., Chicago, IL).

Results

Expression of SDF-1and NF-«B significantly increased in
cervical cancer tissues

Typical immunohistochemistry images of SDF-1 and NF-xB
in cervical cancer tissues and paired adjacent non-tumor tis-
sues are shown in Figures 1 and 2. The positive percentage of
SDF-1 expression in cervical cancer and adjacent non-tumor
tissues were 68.6% (72/105) and 8.6% (9/105), respectively.
The positive percentage of NF-kB expression in cervical can-
cer and adjacent non-tumor tissues were 60.0% (63/105) and
5.7% (6/105), respectively. The chi-square test was used to con-
firmed that the difference in the expression level of SDF-1and

NF-kB between cervical cancer tissues and paired adjacent non-
tumor tissues was statistically significant (p<0.05).

Increased expression of SDF-1and NF-«B correlates with
clinicopathological parameters of patients with cervical
cancer

The relationship between patients’ clinical parameters and the
expression of SDF-1and NF-kB is shown in Tables 1 and 2, re-
spectively, showing that the expression of SDF-1 in the cervi-
cal cancer tissues is significantly correlated with tumor size
(x?=10.794, P=0.001) and FIGO histology grade (x?=7.000,
P=0.008). However, there was no statistical correlation be-
tween SDF-1 expression and patient age, lymph node metas-
tasis (LNM) status, stromal invasion, or tumor differentiation
(P>0.05). Similarly, the expression of NF-kB in the cervical cancer
tissues was significantly correlated with tumor size (x?=7.421,
P=0.006), FIGO histology grade (x?=10.182, P=0.001), and lymph
node metastasis (LNM) status (x?=4.762, P=0.029). However,
there was no statistical correlation was found between NF-kB
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Table 2. Expression of NF-kB in relation to pathologic and clinical variables.

Clinicopathological parameters

NF-xB xpression
P value

expression with patient age and stromal invasion and tumor
differentiation (P>0.05). Therefore, the results demonstrate
that higher SDF-1 and NF-kB expression in cervical cancer tis-
sues is positively correlated with tumor metastasis and can-
cer progression, suggesting that SDF-1and NF-xB play impor-
tant roles in the progression.

Correlation between SDF-1and NF-xB and prognosis of
cervical cancer patients

To further evaluate the relationship between SDF-1and NF-xB
expression and prognosis of cervical cancer, we performed log-
rank survival analysis according to the SDF-1 and NF-xB ex-
pression level and patient survival data. The survival analysis
demonstrates that the cervical survival rate of the patients with
negative SDF-1 and NF-kB expression is significantly better than
that of the patients with positive ones (P<0.05, Figures 3, 4).
Furthermore, a multivariate Cox regression analysis demon-
strated that SDF-1 expression and lymph node metastasis are
independent predictors of the OS in cervical cancer patients.

Correlation between the expression of SDF-1and NF-xB in
cervical cancer

The expression of SDF-1 was positively correlated with the ex-
pression of NF-kB (r=0.201, p=0.040; Table 3).

Discussion

SDF-1 is expressed by stromal cells, including fibroblasts and
endothelial cells [15]. It has 2 major isoforms: o and B. Both
are derived from a single gene due to alternative splicing. It is
well acknowledged that SDF-1 mediates a large number of cru-
cial biological processes such as neuronal and cardiac devel-
opment, angiogenesis, apoptosis, and stem cell motility [16].
Substantial evidence indicates that SDF-1 can mediate the ac-
tivation of SDF-1/CRCR4-PI3-MARK-NF-kB pathway, PI3K/Akt,
Wnt, and ERK pathways, and further promotes the invasion
and progression of cancers [17-19]. SDF-1 can also improve
the expression of MMPs and VEGF, which are crucial for the
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Figure 1. IHC analysis of SDF-1 expression. (A) Positive expression of SDF-1 in cervical cancer tissues; (B) Negative expression of SDF-1
in normal tissues. Original magnification: x200.

Figure 2. IHC analysis of NF-kB expression. (A) Positive expression of NF-kB in cervical cancer tissues; (B) Negative expression of
NF-xB in normal tissues. Original magnification: x200.
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Figure 3. Kaplan-Meier survival curves stratified by SDF-1. Figure 4. Kaplan-Meier survival curves stratified by NF-«xB.
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Table 3. Correlation of expression of SDF-1 and NF-kB in cervical cancer tissues.

Positive

Negative

0.201 0.040

aggressive behavior of cancers [9,20]. Many studies have re-
vealed that the over-expression of SDF-1 is found in various
malignancies, including lung cancer [21], prostate cancer [22],
breast cancer [23], and pancreatic cancer [24].

The NF-kB transcription factor family includes 5 genes: NF-kB1
(p50/p105), NF-kB2 (p52/p100), RelA (p65), c-Rel, and RelB.
Normally, NF-kB dimmers are transcriptionally inactive due to
their interaction with NF-kB inhibitors (I kBs) [25]. Activation of
NF-kB may result from the enhanced expression of epidermal
growth factor receptor, insulin growth factor receptor, and tu-
mor necrosis factor receptor families. Activation of some oth-
er pathways, like PI3K/Akt and Ras/MAPK, also participate in
the activation of NF-xB [26]. NF-xB activation is a tightly reg-
ulated event. Some different kinds of molecular alterations
in cancer cells may lead to impaired regulation of NF-kB ac-
tivation. In this situation, NF-kB becomes constantly activat-
ed, which leads to aberrant expression of downstream genes
of NF-kB, including those involved in regulation of cell cycle,
proliferation, adhesion, and apoptosis. These pathophysiolog-
ical changes may finally lead to the initiation, development,
and metastasis of cancer [27].

The results of this study indicate that the expression of SDF-
1isincreased in cervical cancer tissues and is correrated with
tumor size and FIGO histology grade. We found that the ex-
pression of NF-kB is increased in cervical cancer tissues and is
correrated with tumor size, FIGO histology grade, and lymph
node metastasis. The negative expression of SDF-1and NF-«xB
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is associated with better prognosis. The potential mechanism
may be that SDF-1 activates the NF-xB pathway by the in-
teraction with CXCR4. The SDF-1/CRCR4-NF-kB pathway par-
ticipates in the regulation of cell prliferation, apoptosis, and
angiogenesis in cervical cancer [28,29]. The increased expres-
sion of VEGF and MMPS caused by SDF-1-CXCR4 interaction
and many NF-kB-related biological macular-involved cell cycle,
apoptosis, and chronic inflammation responses may mediate
the initiation and progression of cervical cancer [30-32]. It is
well known that cancer pathogenesis is a multi-factor, multi-
step, complicated process involved in gene-gene and gene-en-
vironment interactions. Large and well-designed studies are
still needed to elucidate the pathogenesis of cervical cancer.

Conclusions

Results of our study indicate that the expression of SDF-1 is
significantly associated with tumor size and FIGO histology
grade. The expression of NF-kB is significantly associated with
tumor size, FIGO histology grade, and lymph node metastasis.
We also found that positive SDF-1 or NF-xB expression is sig-
nificantly correlated with poor prognosis. They may be valu-
able biomarkers for prognosis and potential therapeutic tar-
gets of cervical cancer.
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