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Abstract. Cisplatin‑based, cyclic balloon‑occluded arterial 
infusion, neoadjuvant chemotherapy (NAC) has previously 
been reported to enable hysterectomy in patients with locally 
advanced cervical cancer. Sirtuin1 (SIRT1) is a nicotinamide 
adenine dinucleotide (NAD+)‑dependent histone deacetylase 
that deacetylates a number of proteins and is overexpressed 
in several human malignancies. Upregulation of SIRT1 has 
been reported to induce tumorigenesis and chemoresistance. 
To assess the role of SIRT1 in uterine cervical cancer, the 
outcomes in 62 patients aged <70 years with locally advanced 
International Federation of Gynecology and Obstetrics (FIGO) 
stage IIIA‑IIIB uterine cervical cancer were reviewed between 
1995 and 2010. Tumor samples were obtained by biopsy prior 
to NAC. The patients were separated into two groups. One 
group comprised of the patients in which NAC was effective, 
surgery and radiotherapy were performed (NAC+OP+R group; 
n=35), and the second group contained patients in which NAC 
was ineffective and radiation therapy was performed (NAC+R 
group; n=27). SIRT1 and p53 expression was assessed immu-
nohistochemically in paraffin‑embedded sections. SIRT1 
expression was significantly higher in the NAC+R compared 
to the NAC+OP+R group (P<0.001), as was p53 expression 
(P=0.001). The overall survival time was significantly longer 
in the NAC+OP+R compared to the NAC+R group (P=0.001). 
Following the division of patients into two groups based on 
SIRT1 level, low (weighted score ≤4, n=30), and high level 
(weighted score ≥6, n=32) groups, the former group was 
significantly more sensitive to NAC (P<0.001). Collectively, 
these results indicate that SIRT1 expression may predict the 
efficacy of NAC as a treatment for locally advanced uterine 
cervical cancer.

Introduction

Sirtuin1 (SIRT1), one of the seven members (SIRT1‑7) of 
the silent information regulator 2 (Sir2) family in mammals, 
has activity as a nicotinamide adenine dinucleotide 
(NAD+)‑dependent histone deacetylase (HDAC) (1‑3). SIRT1 
deacetylates several key proteins that regulate the cell cycle 
and apoptosis, including Foxo family proteins, Ku70 and p53, 
and plays important roles in cell survival (4‑7).

SIRT1 was previously reported to be upregulated in several 
tumor cell lines and human tumors (8‑11). Upregulation of 
SIRT1 may induce tumorigenesis and resistance to certain 
chemotherapeutic agents  (12). When normal cells undergo 
stress, such as DNA damage, p53 is activated, which results 
in the transcription of the hypermethylated in cancer 1 (HIC1) 
gene (13). HIC1 represses transcription of the gene encoding 
SIRT1, inducing pathways leading to cell senescence or apop-
tosis. However, during the early stage of tumor progression, 
epigenetic silencing of HIC1 leads to upregulation of SIRT1. 
Upregulated SIRT1 inactivates p53 by deacetylation, impairing 
the functions of p53 and leading to a defective apoptotic 
response to DNA damage. This allows cells to reproduce in 
the presence of damaged DNA, resulting in the accumulation 
of mutations, including p53. Upregulated mutant p53 interferes 
with the functions of wild‑type p53, disrupting cell‑cycle 
control and promoting tumor progression (14,15).

Locally advanced uterine cervical cancer is extremely 
difficult to treat. The standard treatment for patients with 
International Federation of Gynecology and Obstetrics (FIGO) 
stage IIIA, IIIB, and IVA uterine cervical cancer consists of 
concurrent chemoradiotherapy (CCRT) (16,17), but patient 
prognosis is poor  (18,19). Successful neoadjuvant chemo-
therapy (NAC), followed by hysterectomy, has been reported to 
be effective in patients with locally advanced, uterine cervical 
cancer (20), with a prognosis equal to that of CCRT. However, 
the prognosis is worse if NAC is unsuccessful, as hysterectomy 
cannot be performed, and consequently, the treatment strategy 
must be changed from surgery to radiation therapy, resulting 
in a crucial delay (21,22). Thus, it is important to identify prog-
nostic factors in patients with locally advanced cervical cancer 
that predict whether NAC is likely to be successful (23‑27).

Thus far, the expression of SIRT1 has not been assessed 
in patients with locally advanced uterine cervical cancer. 
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Therefore, the present study was designed to examine the 
correlation between SIRT1 expression and the efficacy of NAC 
for locally advanced, uterine cervical cancer.

Patients and methods

Patients and samples. The retrospective study included 
62  patients aged <70  years with locally advanced uterine 
cervical cancer (FIGO stages IIIA and IIIB), initially treated 
at the Osaka City University Medical School Hospital (Osaka, 
Japan) between 1995 and 2010. Tumor samples were obtained 
by biopsy prior to NAC. The patients were divided into two 
groups: One in which NAC was effective, surgery was possible 
and radiation therapy was performed (NAC+OP+R group; 
n=35), and the second in which NAC was ineffective and, 
therefore, radiation therapy alone was performed (NAC+R 
group; n=27). Additionally, patients were further divided into 
groups that attained complete/partial remission (CR+PR) and 
stable/progressive disease (SD+PD) in response to NAC. Written 
informed consent was obtained from all the patients prior to 
immunohistochemical examination. The study was approved by 
the Ethics Committee of Osaka City University (IRB no. 2581).

Balloon‑occluded arterial infusion chemotherapy (BOAI) for 
NAC. Pelvic angiography was performed under local anesthesia 
using Seldinger's technique (28) to localize the tumor and feeder 
vessels. A balloon‑wedge single‑pressure catheter (5F, 80 cm in 
length; Dispomedica GmbH, Hamburg, Germany) was inserted 
into each femoral artery and subsequently into the internal iliac 
artery. The balloon catheters were advanced until they reached 
the vicinity of the feeder vessel (usually the uterine artery), 
where the balloon was inflated to interrupt local blood flow. 
cis‑Diamminedichloroplatinum (CDDP) was slowly infused 
intra‑arterially through the two catheters over a period of 
30 min (28). The two ovarian arteries were blocked following 
the first round of BOAI to increase the intratumor concentration 
of CDDP. BOAI was performed three times in each patient to 
shrink the tumor. Adequate hydration was ensured prior to and 
following CDDP administration, and anti‑emetics and diuretics 
were administered as appropriate. CDDP was administered at 
doses of 50, 75, or 100 mg/m2, depending on patient age and 
renal function. The efficacy of CDDP arterial infusion therapy 
was evaluated by cytology, histology, serum tumor marker level 
and magnetic resonance imaging (MRI) prior to the initiation 
of CDDP treatment. The results were compared with those 
obtained following the completion of each arterial infusion. 
MRI was used to estimate tumor regression by measuring its 
size in two dimensions (29,30). Tumor tissue was obtained from 
all the patients who had undergone punch biopsy or surgery.

Immunohistochemical analysis. The expression of SIRT1 and 
p53 was examined in paraffin‑embedded sections using anti-
bodies to SIRT1 and p53, respectively, and the avidin‑biotin 
peroxidase complex method. Briefly, 4‑µm paraffin sections 
were deparaffinized and immersed in 3% hydrogen peroxidase 
in methanol to block endogenous peroxidase activity. The 
antigen was retrieved by immersing the slides in 10 mM citrate 
buffer (pH 6.0) and heating in an autoclave at 110˚C for 20 min, 
followed by washing in phosphate‑buffered solutions (PBS). 
The manufacturers' instructions were followed for the Dako 

LSAB 2 peroxidase kit (Dako, Kyoto, Japan). The sections were 
incubated with a 1:100 dilution of polyclonal rabbit anti‑human 
SIRT1 (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, 
USA) or a 1:100 dilution of monoclonal mouse anti‑human 
p53 (Santa Cruz Biotechnology, Inc.) overnight at 4˚C. The 
sections were washed with PBS for 15 min and incubated for 
10 min with biotinylated goat anti‑mouse or anti‑rabbit immu-
noglobulin G (Dako). The sections were incubated with the 
streptavidin‑peroxidase complex, with 3,3'‑diaminobenzidine 
used as the chromogen. Finally, the sections were counter-
stained with Mayer's hematoxylin. The specificity of the 
immunohistochemical reactions was checked by omitting the 
primary antibody. SIRT1 and p53 expression was quantitatively 
analyzed as described (31). The mean percentage of positive 
tumor cells was determined in five separate areas (magnifica-
tion, x400), with positivity rates of <5, 5‑25, 25‑50, 50‑75 and 
>75% scored as 0‑4, respectively. The staining intensity was 
scored as weak (1+), moderate (2+), or intense (3+). For each 
specimen, the percentage of positive tumor cells was multiplied 
by the staining intensity to yield a weighted score.

Statistical analysis. Data are presented as mean ± standard 
deviation. The Kaplan‑Meier and log‑rank tests were performed 
for prognostic analysis. Weighted scores were compared using 
the Mann‑Whitney U test. Student's t‑test and the χ2 test were 
performed as appropriate for between‑group comparisons. 
SPSS software, version 21.0 (IBM, Armonk, NY, USA), was 
used for all the statistical analyses. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Patient characteristics. In total, 35 of the 62 patients with 
locally advanced, uterine cervical cancer were assigned to 
the NAC+OP+R group and 27 to the NAC+R group. The 
mean ages were 49.3 (range, 24‑69 years) and 52.3 years 
(range, 36‑68 years), respectively. Of the 35 patients in the 
NAC+OP+R group, one was classified as stage IIIA and 34 as 
stage IIIB, whereas all the 27 patients in the NAC+R group 
were classified as stage IIIB. Histologically, 30 patients in 
the NAC+OP+R group were classified as having squamous 
cell carcinoma and five as having adenocarcinoma. A total 
of 22 patients in the NAC+R group were classified as having 
squamous cell carcinoma, three as having adenocarcinoma, 
and one each as having adenosquamous carcinoma and glassy 
cell carcinoma. There were no significant differences between 
the two groups (Table I).

Expression of SIRT1. SIRT1 was expressed in the nuclei of the 
tumor cells (Fig. 1). The weighted scores in the two groups are 
shown in Table II. The mean weighted score for SIRT1 expres-
sion was significantly lower in the NAC+OP+R compared to 
the NAC+R group (3.97 vs. 8.67, P<0.001; Fig. 2). In total, 30 of 
the 62 patients had weighted scores of 0‑4 (low expression) and 
32 had weighted scores of 6‑12 (high expression). There were 
no significant differences between these two groups (Table III).

Expression of p53. p53 was expressed in the nuclei of the tumor 
cells. The weighted scores are shown in Table IV. The mean 
weighted score for p53 expression was also significantly lower 
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in the NAC+OP+R group compared to the NAC+R group (4.23 
vs. 6.70; P<0.001).

Correlation between expression of SIRT1 and p53. In total, 
19 of the 62 patients showed low expression of SIRT1 and p53, 
and 18 showed high expression. There was a weak correlation 
between expression of SIRT1 and p53 (|r|=0.247).

Correlation between expression of SIRT1 and effects of NAC. 
Of the 35 patients in the NAC+OP+R group, 26 (74%) showed 

Table I. Characteristics of patients in the NAC+OP+R and 
NAC+R groups.

	 NAC+OP+R	 NAC+R	 P‑value

Patients, n	 35	 27
Age, years			 
  Mean ± SD	 49.3±12.7	 52.3±11.1	 0.322a

  Range	 24‑69	 36‑68
FIGO stage, n			 
  IIIA	   1	   0	 0.376b

  IIIB	 34	 27
Histology, n			 
  SCC	 30	 22	 0.433b

  A	   5	   3
  AS	   0	   1
  Others	   0	   1

aStudent's t‑test; bχ2 test; NAC+OP+R, neoadjuvant chemotherapy + 
surgery + radiotherapy; NAC+R, neoadjuvant chemotherapy + radio-
therapy; FIGO, International Federation of Gynecology and Obstetrics; 
SCC, squamous cell carcinoma; A, adenocarcinoma; AS, adenosquamous 
carcinoma; SD, standard deviation.

Table Ⅱ. Weighted scores of SIRT1 expression in the 
NAC+OP+R and NAC+R groups. 

	 Patients, n
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Weighted score	 NAC+OP+R	 NAC+R

  0	   1	   1
  1	   2	   1
  2	 10	   1
  3	   6	   0
  4	   7	   1
  6	   5	   3
  8	   1	   4
  9	   1	   5
12	   2	 11
Total	 35	 27
Weighted score, mean	 3.97	 8.67

SIRT1, sirtuin1; NAC+OP+R, neoadjuvant chemotherapy + surgery + 
radiotherapy; NAC+R, neoadjuvant chemotherapy + radiotherapy.

Table Ⅲ. Characteristics of the patients in the low and high 
SIRT1 expression groups.

Characteristics	 ≤4a	 ≥6a	 P‑value

Patients, n	 30	 32
Age, years			 
  Mean ± SD	 49.8±12.4	 51.3±11.8	 0.633b

  Range	 24‑69	 24‑68
FIGO stage, n			 
  IIIA	   0	   1	 0.329c

  IIIB	 30	 31
Histology, n			 
  SCC	 26	 26	 0.585c

  A	   4	   4
  AS	   0	   1
  Others	   0	   1

aWeighted score; bStudent's t‑test; cχ2 test; NAC+OP+R, neoadjuvant 
chemotherapy + surgery + radiotherapy; NAC+R, neoadjuvant chemo-
therapy + radiotherapy; FIGO, International Federation of Gynecology 
and Obstetrics; SCC, squamous cell carcinoma; A, adenocarcinoma; AS, 
adenosquamous carcinoma; SD, standard deviation.

Table Ⅳ. Weighted scores of p53 expression in the NAC+OP+R 
and NAC+R groups.

	 Patients, n
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Weighted score	 NAC+OP+R	 NAC+R

  0	   0	   1
  1	   2	   0
  2	 10	   0
  3	   1	   3
  4	 12	   4
  6	   5	   7
  8	   3	   6
  9	   1	   2
12	   1	   4
Total	 35	 27
Weighted score, mean	 4.23	 6.70

NAC+OP+R, neoadjuvant chemotherapy + surgery + radiotherapy; 
NAC+R, neoadjuvant chemotherapy + radiotherapy.

Table Ⅴ. Numbers of patients with low and high SIRT1 expres-
sion in the NAC+OP+R and NAC+R groups.

Expression	 NAC+OP+R, n (%)	 NAC+R, n (%)	 P‑value

Low, ≤4	 26 (87)	   4 (13)	 <0.001a

High, ≥6	   9 (28)	 23 (72)	

aχ2 test. SIRT1, sirtuin1; NAC+OP+R, neoadjuvant chemotherapy + sur-
gery + radiotherapy; NAC+R, neoadjuvant chemotherapy + radiotherapy.



TERAMAE et al:  SIRT1 EXPRESSION PREDICTS NAC EFFICACY FOR CERVICAL CANCER76

low SIRT1 expression, whereas nine (26%) showed high 
SIRT1 expression. The group with low SIRT1 expression was 
significantly more sensitive to NAC (P=0.001; Table V).

Survival. The overall survival time was significantly longer 
in the NAC+OP+R compared to the NAC+R group (Fig. 3). 
However, overall survival was similar in patients with low and 
high SIRT1 expression (Fig. 4).

Discussion

The results of the present study show the association between 
the expression of SIRT1 and the efficacy of NAC. NAC was 

Figure 3. Overall survival rate in the NAC+OP+R (n=35) and NAC+R (n=27) 
groups. Solid line, NAC+OP+R; dashed line, NAC+R. NAC+OP+R group 
showed significantly improved overall survival time compared to NAC+R 
group (P=0.001, Kaplan‑Meier and log‑rank tests). NAC+OP+R, neoadjuvant 
chemotherapy + surgery + radiotherapy; NAC+R, neoadjuvant chemotherapy 
+ radiotherapy.

Figure 1. Immunohistochemical staining of SIRT1 in locally advanced 
cervical cancer. (A) Negative control. (B) Score 1, NAC+OP+R group. 
(C) Score 2, NAC+OP+R group (A‑C, H&E; magnification, x400). SIRT1 
was expressed in the nuclei of the tumor cells. SIRT1, sirtuin 1; NAC+OP+R, 
neoadjuvant chemotherapy + surgery + radiotherapy; H&E, hematoxylin and 
eosin.

Figure 4. Overall survival rate in the low (n=30) and high SIRT1 expression 
(n=32) groups. Solid line, low SIRT1 expression; dashed line, high SIRT1 
expression. There was no significant difference in overall survival between 
the two groups (P=0.143, Kaplan‑Meier and log‑rank tests). SIRT1, sirtuin1.

Figure 2. Weighted score for SIRT1 expression in tumor samples from 
patients with locally advanced cervical cancer. SIRT1 expression was signifi-
cantly higher in the NAC+R compared to the NAC+OP+R group. *P<0.001 
(Mann‑Whitney U test). SIRT1, sirtuin 1; NAC+R, neoadjuvant chemo-
therapy + radiotherapy; NAC+OP+R, neoadjuvant chemotherapy + surgery 
+ radiotherapy.
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ineffective in the majority of patients with high SIRT1 expres-
sion, who were unable to undergo surgery. Overall survival 
time was significantly longer in the NAC+OP+R compared 
to the NAC+R group. These results are in agreement with 
findings showing that prognosis is worse when NAC is unsuc-
cessful (21,22). By contrast, overall survival time did not differ 
significantly in the groups of patients with high and low SIRT1 
expression.

In general, CCRT is considered the standard treatment for 
patients with locally advanced, uterine cervical cancer. However, 
limited clinical studies have assessed CCRT in Japanese patients 
with locally advanced, uterine cervical cancer. Although surgery 
following NAC has been reported effective (20), NAC is not 
currently recommended, as if NAC is not effective, surgery is 
difficult to perform and radiation therapy is required. Radiation 
therapy following chemotherapy has shown poorer prognosis 
compared to radiation alone (21,22). Thus, identifying factors 
prognostic of the efficacy of NAC is important in patients with 
locally advanced uterine cervical cancer.

SIRT1 is a member of the silent information regulator 2 
(Sir2) family in mammals, with activity as an NAD+‑dependent 
HDAC (1‑3). SIRT1 deacetylates several key cell‑cycle and 
apoptosis regulating proteins  (4‑7). SIRT1 expression has 
been reported to increase in various human malignant tumors. 
SIRT1 is considered a tumor promoter, as it inhibits tumor 
suppressor genes such as p53 (14,15). SIRT1 overexpression 
has been associated with primary tumorigenesis, metastasis, 
chemoresistance and patient prognosis. However, other studies 
have reported that SIRT1 may act as a tumor suppressor (32,33).

The present study is the first to report a correlation between 
SIRT1 expression and locally advanced, uterine cervical 
cancer. These findings indicate that NAC may be more effec-
tive in patients with low compared to high SIRT1 expression, 
suggesting that SIRT1 expression may predict the efficacy 
of NAC in patients with locally advanced, uterine cervical 
cancer. As overexpression of SIRT1 has been associated with 
chemoresistance, lower SIRT1 expression may result in tumor 
susceptibility to treatment. When the correlation between p53 
expression and NAC was assessed in patients with locally 
advanced, uterine cervical cancer, the observed results were 
similar to those for SIRT1 and NAC (P=0.001; data not shown). 
A weak correlation was also observed between SIRT1 and p53 
expression. Human papillomavirus (HPV) infection causes the 
majority of uterine cervical cancers, with the viral E6 and E7 
proteins playing important roles in tumor progression (34). The 
E6 protein targets p53, inducing a loss of p53 tumor suppressor 
activity, such as apoptosis (35,36). By contrast, HPV E7 protein 
has been reported to activate SIRT1 expression, leading to 
a defective apoptotic response  (37). Thus, HPV infection 
enhances SIRT1 and p53 expression, providing further evidence 
for the significant role of SIRT1 in cervical cancer.

If NAC is not successful in patients with locally advanced, 
uterine cervical cancer, their prognosis becomes worse. 
Therefore, it is important to identify factors prognostic of 
the success of NAC in these patients. SIRT1 expression may 
predict the efficacy of NAC as a treatment for locally advanced, 
uterine cervical cancer. Our previous study reported that the 
expression of bax, bcl‑xL, and MAD2 (mitotic arrest defi-
ciency 2) proteins may predict the efficacy of NAC in patients 
with locally advanced, uterine cervical cancer (25,38). Taken 

together, a combination of these factors may more effectively 
predict the efficacy of NAC in these patients.
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