
Abstract. Aim: To examine the expression of survivin
mRNA in cervical squamous cancer at different time points
during interventional therapy in order to find the optimal
time point for continual treatment. Patients and Methods:
Fifty patients with stage IB2-IIB cervical squamous cancer
receiving transarterial infusion chemotherapy and
chemoembolization were included in the present study. The
expression of survivin mRNA in cancer samples before and
after interventional therapy (on days 7, 14 and 21) were
examined by reverse transcription-polymerase chain
reaction. Results: The expression of survivin mRNA in cancer
samples before the interventional therapy was significantly
higher than that of any time point after the interventional
therapy (p<0.05). After treatment, the expression of survivin
mRNA decreased until day 14. Conclusion: The expression
of survivin mRNA was inhibited by the interventional
therapy. It seems that day 14 after interventional treatment
is the right time point for continuation of treatment.

Cervical cancer is a common gynecological malignancy all
over the world, especially in developing countries. Human
papillomavirus is suggested to be responsible for the
carcinogenesis of this malignancy. Surgery and radiation are
principal therapeutics for this malignant disease. According
to National Comprehensive Cancer Network guideline (1),
patients with International Federation of Gynecology and
Obstetrics (FIGO) Ia to IIa stage disease need surgical
treatment. However, surgery for some patients is difficult due
to large tumor body or parametrial metastasis. Recently, with
the application of neoadjuvant chemotherapy (NAC) and
interventional therapy in gynecology, the prognosis of

cervical cancer has been largely improved, such as increased
survival time (2); improvement of sexual activity and bladder
and bowel dysfunction (3) and even fertility persistence (4,
5). After NAC and interventional therapy, most of those
patients were able to undergo further treatment, Nowadays,
the evaluation of the effect of interventional therapy on
cervical cancer is primarily through pathology and
pharmacokinetics (6-8). Unfortunately, limited information
about the right time point for further treatment after
interventional therapy is available. Further treatment at an
inappropriate time point would weaken its therapeutic
effects. For these reasons, it is urgent to find a biomarker
tightly associated with disease progress, thereby marking the
most suitable time point for further treatment of patients with
cervical cancer. 

Survivin is a member of the inhibitor of apoptosis family
of antiapoptotic proteins, which are expressed mainly in
adult malignant tissues including cervical cancer (9).
Overexpression of survivin leads to reduced apoptosis of
cancer cells (10). In patients with cervical cancer, expression
of this gene could reflect the progress of this malignant
disease. After successful interventional therapy, the
expression of survivin would be expected to decrease. We
suggest that the time point when survivin expression is at a
minimum is the optimal opportunity to conduct further
treatment for patients with cervical cancer who have
undergone interventional therapy. We had the opportunity to
study the effect of interventional therapy on survivin mRNA
expression (11), with the aim of finding the right time point
for further treatment and report our findings here.

Patients and Methods
Selection of patients with cervical cancer. Fifty cases of cervical
squamous cancer which received interventional treatment at Yantai
Yuhuangding Hospital PRC between June 2012 and December 2013
were included in the current study. The patients ranged in age from
34 to 52 years with a mean age of 43.2±6.4 years. According to
FIGO 2009 (12), there were 18 cases of IB2 stage, 12 cases of IIA
stage and 20 cases of IIB stage. Basic characteristics of study
patients are presented in Table I.
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Cancer samples. All the participants gave their written consent for
our investigation. All the patients received bilateral uterine artery
embolization chemotherapy with cisplatin (70 mg/ml) and
bleomycin (45 mg) (13). Gelfoam particles of 350-560 μm (Alicon
Pharm SCI &TEC Co., Ltd. HangZhou, Zhejiang Province, China)
were selected as the embolization agent in our study. After
intubation into the uterine artery, two-thirds of drugs were perfused
into bilateral uterine arteries at the same dose. Then the remaining
drugs combined with gelfoam particles and contrast agent were used
to embolize uterine arteries. Before the interventional therapy and
every 7 days after treatment until the day 21, a cancer tissue sample
of 0.2×0.2×0.2 cm was drawn and stored for further investigation.

Primer design and synthesis. Primers used for quantification were
as follows: survivin: forward primer, 5’-GGC ATG GGT GCC CCG
ACG TT-3’, reverse primer, 5’-AGA GGC CTC AAT CCA TGG
CA-3’, there were 320bp between forward and reverse primers; β-
actin: forward primer, 5’-GTG GGG CGC CCC AGG CAC CA-3’,
reverse primer, 5’-CTC CTT AAT GTC ACCG CAC GAT TTC-3’,
these primers amplify a 539bp product. The primers were
synthesized by Shanghai Boya Bio-engineering Company, PRC.

Reverse transcription-polymerase chain reaction (RT-PCR)
methods. Total RNA was extracted from the cancer tissue samples
using TRIzol reagent (Invitrogen Life Technologies, Grand Island,
NY, USA). RNA was synthesized into cDNA using MMLV reverse
transcriptase. Real-time PCR was conducted using the following
protocol: 94˚C for 5 min, and then 30 cycles of 94˚C for 
1 min, 58˚C for 1 minute, and 72˚C for 1 minute, and 72˚C for 
10 min. The PCR product was separated in 2% agarose gel and
analyzed using a gel image analysis system (Life Technologies
Europe BV, he Netherlands). The expression of survivin mRNA was
normalized by the absorbance ratio of survivin and β-actin.

Statistical analysis. Data were analyzed using SAS software
package (version 9; SAS Institute, Cary, NC, USA). Significance of
differences in continuous variables was assessed using the paired t-
test. All p-values were two-sided and differences with p-values
lower than 0.05 were considered statistically significant.

Results

Survivin expression in squamous cell cervical cancer after
interventional therapy. The expression of survivin mRNA in
cancer samples before the interventional therapy was higher
than that after the interventional therapy (p<0.05). At day 7
after the treatment, the expression of survivin mRNA was
significantly higher than that at days 14 and 21 after
interventional treatment (F=135.87, p<0.05); However, the
expression of survivin mRNA at day 14 was found to be lower
than that on days 7 and 21 after treatment (p<0.05) (Table II).

Survivin expression in squamous cell cervical cancer after
interventional therapy among different stages. The expression
of survivin mRNA in samples of stage IB2, IIA and IIB cervical
cancer before the interventional therapy was significantly higher
than that after the interventional therapy (p<0.05). At day 7
post-therapy, the expression of survivin in all stages was

significantly higher than that of days 14 and 21 after treatment
(F=295.56, p<0.05). At day 21 after treatment, the expression
of survivin mRNA in all stages was significantly higher than
that at day 14 and lower than that at day 7 (p<0.05) (Table III).

Discussion 

Cervical cancer is a common malignant disease of the female
genital tract. Conventionally, treatments are mainly surgery
and radiation therapy. With the development of new anticancer
drugs, interventional neoadjuvant chemotherapy of cervical
cancer showed satisfactory effects (14). However, the
disappearance of malignant tumor after interventional therapy
was temporary. A study found that surgery after interventional
therapy is difficult because of cellulose exudation and fiber
cords formed around the cancer cells (15). At present, the
evaluation of the effect of interventional NAC on cervical
cancer is preliminary through clinical gynecological
examination or imaging examination including ultra -
sonography computed tomography and magnetic resonance
imaging (16, 17). Furthermore, the time point for further
surgery was mainly determined by those examinations. Most
researchers have suggested that the right time point for further
treatment is 3 weeks after arterial infusion chemotherapy alone
or 4 weeks after arterial chemoembolization (18). There are
some other findings, including the following. (i) Genetic
polymorphisms in the phosphatidylinositol 3 kinase
(PI3K)/PKBPKB protein kinase B (PKB) pathway are
associated with sensitivity to platinum-based chemotherapy in
patients with cervical cancer. The heterozygous genotype of
two loci in the PIK3CA gene was associated with an increased
risk of chemoresistance. Non-responders to NAC had a higher
frequency of the rs10416620 and rs62107593 G nucleotide in
the alleles of the AKT2 gene; rs2498786 and the GGCC
haplotype of polymorphisms in AKT1 gene showed a high risk
for non-response to NAC (19); (ii) Protein Wee1 (pWEE1), r-
histone family member X (r-H2AX), and protein checkpoint
kinase 1 (pCHK1) are biomarkers of DNA damage and repair,
predicting the efficacy of NAC in cervical cancer. Elevated
levels of pWee1 and r-H2AX were significantly associated
with a lower rate of pathological complete response and there
was a significant association between pWEE1 and pCHK1
(20); (iii) ALDH1 expression pre-NAC was significantly
associated with a low clinical chemotherapy response rate and
clinical non-response; ALDH1 expression post-NAC was
associated with poor disease-free and overall survival (21);
(iv) glutathione metabolic pathway scores of cancerous tissue
combined with uridine diphosphate-glucuronosyltransferase
1A1 (UGT1A1) genotyping of blood samples predicting the
efficacy of NAC for cervical cancer. GMP was significantly
up-regulated in NAC-resistant patients and UGT1A1
genotyping revealed that patients with UGT1A1
polymorphisms exhibited significantly higher response rates
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to NAC than those with the wild-type genotype (22). All the
above findings may be prognostic markers, predicting the
efficacy of NAC for cervical cancer, but none of them
revealed the optimal time for further treatment of cervical
cancer. However, in the current study, according to the
expression of survivin mRNA, we found that day 14 after
interventional treatment is the right time point for further
treatment (23). 

It is reported that survivin is responsible for the abnormal
proliferation of cancer cells, moreover, it is also an inhibitor
of cell apoptosis (24). This gene is located in chomosome
17, q25, with 14.7 kb length, including four extrons and
three introns. Deficiency and mutation of survivin will
induce apoptosis of cancer cells (25). The expression of
survivin gene is found in human endometrial tissue, ovary
and thymus tissue (26). Three types of survivin have been
found, with molecular weight of 431, 329 and 500 kDa,
respectively. They all have the activity to inhibit apoptosis

(27). It is also suggested that the mechanism of survivin-
mediated inhibition of apoptosis is closely related to caspase-
3 (28), a key factor in the apoptosis signaling pathway.

In this study, every target of the serum samples was
examined in the same batch and all these measurements were
carried out in one laboratory. However, there are still some
limitations to this study. Firstly, all the patients were accrued
from one hospital. Multi-center studies including more
patients would provide stronger evidence. Secondly, the
patients were all Chinese women, and data from other ethnic
groups would give us more information.

In the present study, the expression of survivin mRNA was
found in cervical squamous cancer tissue of IB2-IIB stage
before and after interventional therapy, which suggests that
the apoptosis of cervical cancer cells was tightly associated
with this protein. After therapy under the combined effect of
chemotherapeutic drugs and embolization, the expression of
survivin mRNA decreased. At day 14 after therapy, the
expression of survivin mRNA was significantly lower than
that at day 7. At this time, the effect of interventional therapy
on cervical squamous cancer was ongoing. At day 21 after
this therapy, the expression of survivin mRNA was higher
than that at day 14 and significantly lower than that at day 7,
which suggests that day 14 after the treatment is a milestone
for future treatment. Accordingly, 2-3 weeks after arterial
infusion chemoembolization for cervical squamous cancer is
probably an optimum time for further treatment. The results
provided by this study suggested that survivin is a useful
biomarker for assessing the effect of interventional therapy
on cervical squamous cancer. Furthermore, the period from
day 14-21 after arterial infusion chemoembolization is the
right time for further treatment. 
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Table I. Basic characteristics of patients with cervical cancer (n=50).

Characteristic                                                               Value

Age (years)                                                               43.2 (6.4)
Height (cm)                                                            161.2 (11.5)
Weight (kg)                                                              70.4 (16.1)
Birth weight >4 kg                                                         16
Waist circumference (cm)                                       92.3 (10.7)
Abdominal circumference (cm)                             97.4 (15.8)
Hip circumference (cm)                                         102.5 (17.4)
BMI (kg/m2)                                                             27.1(5.8)
WHR                                                                        0.91(0.05)
Age at menarche (years)                                          12.4(2.7)
Nulliparous                                                                   2 (4)
Diabetes                                                                       9 (18)
Hypertension                                                              13 (26)
Family history of cancer                                             6 (12)

BMI, Body mass index; WHR, waist-to-hip ratio. Continuous variables
are shown as means (SD), while categorical variables are shown as
number (%).

Table II. Relative survivin expression in cervical squamous cancer
before and after interventional therapy.

                        Before (I)            Day 7              Day 14            Day 21 
                                                   after (II)           after (III)         after (IV)

Survivin           1.17±0.26         0.97±0.15         0.53±0.32        0.72±0.42
                      qII-I: 29.29*                              qIII-I: 15.42*
                      qIV-I: 17.57*                             qIII-II: 13.86*
                      qIV-II: 11.71*                            qIV-III: 2.06NS

*Significant at p<0.05, NSp>0.05.

Table III. Relative survivin expression in cervical squamous cancer
before and after interventional therapy among International Federation
of Gynecology and Obstetrics (FIGO) different stages.

                                                                            FIGO stage

Time point relative to therapy            IB2                 IIA                 IIB

Before (I)                                       1.27±0.55      1.08±0.46      1.13±0.23
Day 7 after (II)                              1.01±0.76      0.96±0.55      0.86±0.56
Day 14 after (III)                           0.63±0.31      0.68±0.55      0.55±0.47
Day 21 after (IV)                           0.73±0.47      0.81±0.54      0.75±0.45
qII-I                                                    25.20*           22.23*           27.24*
qIII-I                                                   16.32*           15.35*           15.22*
qIV-I                                                   19.53*           18.47*           20.14*
qIII-II                                                  14.16*           14.42*           14.85*
qIV-II                                                  12.21*           10.61*           13.12*
qIV-III                                                4.65NS          5.25NS          5.12NS

*Significant at p<0.05, NSp>0.05.
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