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Abstract. The standard care for patients with locally advanced 
cervical cancer is concurrent chemoradiotherapy. Successful 
neoadjuvant chemotherapy (NAC) can reduce tumor size and 
enable patients to be eligible for a hysterectomy, which can 
improve their prognosis. Selecting the right candidate for NAC 
is important since NAC failure results in switching to radiation 
therapy and can lead to a worse prognosis due to a delay in 
the initiation of the core therapy. Therefore, the identification 
of biomarkers that can predict the effect of NAC is essential. 
Previous reports have suggested a relationship between protein 
arginine methyltransferase (PRMT1) and chemoresistance in 
several types of cancer. PRMT1 has been demonstrated to 
methylate apoptosis signal‑regulated kinase 1 and to inhibit its 
activity, thereby contributing to chemoresistance. The present 
study investigated the association between PRMT1 expres‑
sion and the efficacy of NAC in locally advanced cervical 
cancer. Data from 53 patients with locally advanced uterine 
cervical cancer who were classified into two groups based 
on effective (n=28) and ineffective (n=25) responses to NAC 
treatment were evaluated. PRMT1 expression was investi‑
gated by immunohistochemistry and scored using a weighted 
scoring system. Additionally, the present study investigated 
the effect of RNA interference‑mediated downregulation of 
PRMT1 on the sensitivity of cervical cancer cells to cisplatin 
in vitro. The results demonstrated that the NAC effective 
group had significantly lower weighted PRMT1 scores than 
the NAC ineffective group (P=0.030). In addition, lower tumor 
expression levels of PRMT1 were significantly associated 
with increased sensitivity to NAC (P=0.033). Furthermore, 
downregulation of PRMT1 expression in cervical cancer cells 
markedly improved their sensitivity to cisplatin in vitro. The 
present study suggested that PRMT1 expression has potential 

as a predictive marker of the efficacy of NAC in patients with 
locally advanced cervical cancer. This finding can contribute 
to improvements in the prognosis of these patients.

Introduction

Uterine cervical cancer is the fourth most common cancer and 
the fourth leading cause of cancer death in women worldwide. 
As a result, it is considered to be one of the most significant 
public health concerns (1). Despite advances in screening, 
prevention, and diagnosis, some patients are diagnosed with 
a locally advanced stage, including International Federation 
of Gynecology and Obstetrics (FIGO) cancer stages IIIA, 
IIIB, and IVA. The established standard of care for locally 
advanced uterine cervical cancer is concurrent platinum‑based 
chemoradiotherapy (CCRT) (2‑4). However, these patients 
experience a higher rate of recurrence and poorer survival 
rates compared with patients diagnosed at an early stage of the 
disease. In addition, the 5‑year survival of patients with locally 
advanced uterine cervical cancer is <60% (5,6). Neoadjuvant 
chemotherapy (NAC) has been shown to be an effective 
strategy to reduce tumor size in patients with locally advanced 
cervical cancer and facilitate a hysterectomy, thereby resulting 
in a better prognosis (7). However, NAC failure compels 
physicians to switch to radiation therapy, which can result in 
a worse prognosis due to a delay in the initiation of the core 
therapy (8‑10). Therefore, there is an urgent need to discover a 
biomarker that can predict the efficacy of NAC in patients with 
locally advanced cervical cancer to select the right candidates 
for NAC (10‑14).

The anticancer agent cisplatin exhibits antineoplastic 
activity by inducing DNA damage, particularly intrastrand 
DNA crosslinks, leading to apoptosis (15). Therefore, 
one of the underlying mechanisms of cisplatin resistance is 
the inactivation of apoptotic pathways (16). Protein arginine 
methyltransferase (PRMT) is an enzyme that catalyzes the 
methylation of histone and non‑histone proteins and transfers 
methyl groups from S‑adenosylmethionine to arginine (17). 
PRMT1 has been shown to methylate apoptosis signal‑regu‑
lated kinase 1 (ASK1) and inhibit its activity resulting 
in chemotherapy resistance (18,19). In other carcinomas 
(esophageal cancer and colorectal cancer), previous reports 
suggest a relationship between PRMT1 and chemotherapy 
resistance (20,21). However, the effects of PRMT1 on the 
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response to cisplatin in cervical cancer cell lines and patients 
with cervical cancer are unknown.

In the present study, we aimed to examine the association 
between the tumor expression of PRMT1 and the efficacy of 
NAC in locally advanced cervical cancer and determine the 
use of PRMT1 expression as a predictive biomarker.

Materials and methods

Patients and tissue samples. Fifty‑three patients with locally 
advanced cervical cancer (FIGO stages IIIB) were evaluated. 
All patients were under 70 years of age and first cared for 
at Osaka City University Hospital (Osaka, Japan) between 
April 1995 and March 2010. Tumor tissue specimens were 
acquired by a punch biopsy prior to NAC. Based on the effect 
on NAC, patients were divided into two groups: Patients who 
responded to NAC underwent a hysterectomy and received 
radiation therapy (NAC + OP + R group; n=28), and patients 
who were not successfully treated with NAC and received radi‑
ation therapy only (NAC + R group; n=25). Balloon‑occlusive 
arterial infusion chemotherapy for NAC was given to all 
patients. Cisplatin (Bristol‑Myers Squibb) was injected into the 
artery through a catheter for more than 30 min. Cisplatin was 
given three times at doses of 50, 75, or 100 mg/m2, depending 
on the patient's age and renal function (22). All patients were 
treated with cisplatin every 4 weeks. After the completion of 
three courses of NAC with cisplatin, the effect of NAC was 
evaluated. If NAC was effective, the patient underwent surgery 
1 month after the administration of NAC. If NAC was inef‑
fective, radiotherapy was initiated soon after the evaluation. 
We evaluated the effect of NAC by pelvic examination and 
computed tomography or magnetic resonance imaging. We 
considered NAC successful if the stage was downgraded to 
stage I or II, and surgery was able to be performed. Informed 
consent was acquired from all patients prior to the tumor 
biopsy. This study was approved by the Institutional Review 
Board of Osaka City University Hospital (IRB no. 4282).

Immunohistochemical staining. PRMT1 protein expres‑
sion was evaluated using 4‑µm sections generated from 
paraffin‑embedded tissue samples using a rabbit polyclonal 
antibody against PRMT1 (cat. no. ab‑70724; Abcam) and Dako 
LSAB2 Peroxidase kit (cat. no. K0675; Agilent Technologies). 
Following routine deparaffinization and rehydration, sections 
were immersed in 3% hydrogen peroxide for 10 min at room 
temperature to inhibit endogenous peroxidase activity. For 
heat‑mediated antigen retrieval, sections were incubated in 
10 mM citrate buffer (pH 6.0) in an autoclave at 110˚C for 
20 min. After washing with phosphate‑buffered saline (PBS), 
tumor tissue sections were incubated at 4˚C overnight in a 
1:500 dilution of the anti‑PRMT1 antibody. Next, the sections 
were washed in PBS for 15 min, incubated with biotinylated 
goat anti‑mouse and anti‑rabbit immunoglobulin G secondary 
antibodies included in the Dako LSAB2 Peroxidase kit 
(cat. no. K0675; Agilent Technologies) for 10 min, and then 
incubated with a streptavidin‑peroxidase complex solution and 
3,3'‑diaminobenzidine as a colorimetric agent for color devel‑
opment. Lastly, the tissue sections were counterstained using 
hematoxylin. The primary antibodies were excluded, and the 
specificity control was prepared in the same way.

PRMT1 expression was quantitatively analyzed using the 
weighted score method described by Sinicrope et al (23). The 
average percent of stained tumor cells was scored on a scale 
of 0 to 4 as follows: 0, ≤5%; 1, 5‑25%; 2, 25‑50%; 3, 50‑75%; 
and 4, >75%. The staining intensity was categorized into three 
classes: 1+, weak; 2+, moderate; and 3+, intense. The score 
for the percentage of stained tumor cells was multiplied by 
the score for staining intensity, and the weighted scores were 
calculated for each tissue sample.

Cell culture. The human cervical cancer cell line Ca Ski 
(cat. no. IFO50007; Japanese Collection of Research 
Biosources Cell Bank) was cultured in RMPI medium (Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 10% fetal 
bovine serum (Gibco; Thermo Fisher Scientific, Inc.) and 
1% penicillin and maintained at 37˚C in a moist atmosphere 
containing 5% CO2.

RNA interference. A small interfering RNA (siRNA) targeting 
PRMT1 (5'‑GCA ACU CCA UGU UUC AUA Att, 5'‑UUA 
UGA AAC AUG GAG UUG Cgg) and negative control 
sequence (cat. no. sc‑37007) were obtained from Santa Cruz 
Biotechnology. Cells seeded into 6‑well plates were transfected 
with siRNA (Invitrogen; Thermo Fisher Scientific, Inc.) over‑
night using lipofectamine RNAiMax following the description 
of the manufacturer. The medium was changed, and the cells 
were taken to the laboratory 24 h after transfection.

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA was 
isolated from Ca Ski cells using the RNeasy Mini kit (Qiagen 
GmbH) following the instructions of the manufacturer. 
High capacity cDNA reverse transcription kits (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) were used to 
reverse transcribe the RNA. A TaqMan Gene expression 
assay (Applied Biosystems; Thermo Fisher Scientific, Inc.) 
and an Applied Biosystems 7500 Fast Real‑Time PCR system 
were used to perform PCR. PRMT1 mRNA levels were 
normalized to glyceraldehyde 3‑phosphate dehydrogenase 
(GAPDH) mRNA in the same sample. The TaqMan probes 
were Hs04193290_g1 for PRMT1 and Hs99999905_m1 
for GAPDH. The 2(‑Delta Delta C(T)) method was used 
to analyze the relative changes in gene expression from 
real‑time quantitative PCR experiments (24).

Chemosensitivity assay. The sensitivity of Ca Ski cells to 
cisplatin was evaluated with a Cell Counting kit‑8 (CCK‑8; 
Dojindo Molecular Technologies). In the first step, cells were 
transfected with negative control or PRMT1‑specific siRNA 
as described above and seeded at a density of 2x103 cells/well 
in 96‑well tissue culture plates. After 24 h, the medium was 
removed, and vehicle or cisplatin (0 to 7.5 µM) was added to 
the cells for 48 h. Then, 10 µl/well CCK‑8 was added, and the 
plates were incubated for 2 h. The absorbance at 450 nm was 
then measured with a microplate reader (Corona Electric, Co., 
Ltd.). Dose‑response curves for the percentage of viable cells 
relative to untreated cells were generated.

Statistical analysis. All statistical analyses were performed 
using EZR (Saitama Medical Center, Jichi Medical University, 
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Saitama, Japan). Data are shown as the mean ± standard 
deviation in the Tables and as the mean ± standard error in 
the Figures. A prognostic analysis was performed using 
Kaplan‑Meier plots and the log‑rank test. The Mann‑Whitney 
U test was used to compare the weighted scores. Significant 
differences between group means were compared using 
Student's t‑test, and the χ2 test was used to identify relationships 
between group classification variables. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Patient characteristics. Fifty‑three patients diagnosed with 
locally advanced cervical cancer were classified into the two 
following groups based on the treatment effect: The NAC 
effective group (NAC + OP + R group; n=28) and the NAC 
ineffective group (NAC + R group; n=25). Table I shows 
the patient clinicopathological characteristics. We found no 
statistically significant difference between the two groups.

PRMT1 expression in uterine cervical cancer tissues. PRMT1 
expression was found in both the nuclei and cytoplasm of the 

tumor cells (Fig. 1). The weighted scores of PRMT1 tissue 
staining are shown in Table II. The weighted score of the NAC 
ineffective group was significantly higher than that of the 
NAC effective group (P=0.030) (Fig. 2). To predict the effi‑
cacy of NAC, receiver operator characteristic (ROC) curves 
were generated, and the cut‑off value of the PRMT1 score was 
examined. When a score of 6 was used as the cut‑off value, 
the specificity was 57%, and the sensitivity was 72% (Fig. 3). 
Therefore, we classified the cases into two different groups. 
One was the low expression group with a score of 0 to 4, and 
the other was the high expression group with a score of 6‑12. 
We found no statistically significant difference between the 
two groups (Table II).

NAC effectiveness correlates with PRMT1 expression. In a 
group of 23 patients with low PRMT1 expression, 16 (69.6%) 
were in the NAC effective group, and 7 (30.4%) were in the 
NAC ineffective group. In the high PRMT1 expression group, 
12 patients (40.0%) were in the NAC effective group, and 

Table II. Characteristics of the patients in the low and high 
PRMT1 expression groups.

 PRMT1 expression
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables Score ≤4 Score ≥6 P‑value

No. of patients 23 30
Age, years   0.820a

  Mean ± SD 50.7±14.0 49.9±11.6
  Range 24‑69 37‑68
Histology, n   0.514b

  SCC 19 26
  A 4 3
  AS 0 1
Tumor size, mm   0.133a

  Mean ± SD 45.9±14.5 52.8±15.2

aStudent's t‑test; bχ2 test. NAC+OP+R, neoadjuvant 
chemotherapy + surgery + radiotherapy; NAC+R, neoadjuvant 
chemotherapy + radiotherapy; SCC, squamous cell carcinoma; A, 
adenocarcinoma; AS, adenosquamous carcinoma; PRMT1, protein 
arginine methyltransferase 1.

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

Variables NAC+OP+R NAC+R P‑value

No. of patients 28 25
Age, years   0.269a

  Mean ± SD 48.5±13.4 52.3±11.5
  Range 24‑69 36‑68
Histology, n   0.555b

  SCC 24 21
  A 4 3
  AS 0 1
Tumor size, mm   0.456a

  Mean ± SD 48.4±17.2 51.8±12.3

aStudent's t‑test; bχ2 test. NAC+OP+R, neoadjuvant chemotherapy + 
surgery + radiotherapy; NAC+R, neoadjuvant chemotherapy + radio‑
therapy; SCC, squamous cell carcinoma; A, adenocarcinoma; AS, 
adenosquamous carcinoma.

Figure 1. Immunohistochemical staining of PRMT1 in locally advanced cervical cancer. (A) Negative control staining performed without the primary 
antibody. Representative sections stained with a primary antibody against PRMT1 showing scores of (B) 4, (C) 6 and (D) 12. Sections were counterstained 
with hematoxylin. Magnification, x400. PRMT1, protein arginine methyltransferase 1.
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18 (60.0%) were in the NAC ineffective group. In this way, 
we found that the low PRMT1 expression group was more 
responsive to NAC than the high PRMT1 expression group 
(P=0.033, Table III).

Survival. Overall survival was significantly longer in the NAC 
effective group than the NAC ineffective group (P<0.001) 
(Fig. 4) and in the low PRMT1 expression group than the high 
PRMT1 expression group (P=0.012) (Fig. 5).

PRMT1 knockdown enhances the sensitivity of a uterine 
cervical cancer cell line to cisplatin treatment. RT‑qPCR 
analysis of Ca Ski cells showed that transfection with 
specifically targeted siRNAs efficiently suppressed PRMT1 
expression, whereas non‑targeted control siRNAs did not 
(Fig. 6). Differences in the sensitivity of cells transfected with 
PRMT1‑specific siRNA to cisplatin were significantly greater 
than those of control cells (P<0.05) (Fig. 7).

Discussion

The standard of care for patients with locally advanced cervical 
cancer is CCRT. However, the prognosis of these patients 
remains poor. Successful NAC can shrink the tumor and 
enable patients to undergo a hysterectomy, which can improve 
their prognosis (7). It is important to select the right candidate 
for NAC because NAC failure compels the physician to switch 
to radiation therapy, which can delay the initiation of the core 
therapy and result in a worse prognosis (8‑10). Thus, the iden‑
tification of biomarkers that can predict the effect of NAC in 
patients with locally advanced cervical cancer is essential for 
the effective treatment of these patients.

The methylation of various protein substrates is catalyzed 
by PRMTs, many of which are linked to the development, 
progression, and aggressiveness of various cancers (17). 
PRMTs are categorized as Type I or Type II according to the 
characteristics of the modification of their substrate. Both 
types catalyze the production of monomethylarginine as 
an intermediate, but type I enzymes mediate the production 

Figure 2. Weighted scores for PRMT1 expression in tumor samples from 
patients with locally advanced cervical cancer. *P=0.030 (Mann‑Whitney 
U test). NAC + OP + R, neoadjuvant chemotherapy + surgery + radiotherapy; 
NAC + R, neoadjuvant chemotherapy + radiotherapy; PRMT1, protein 
arginine methyltransferase 1.

Figure 3. Receiver operating characteristic curve analysis of the cut‑off value 
of protein arginine methyltransferase 1 scores. When a score of 6 was used as 
the cut‑off value, the specificity was 57% and the sensitivity was 72%. Area 
under the curve, 0.668. 95% confidence interval, 0.526‑0.809.

Figure 4. Overall survival rate in the NAC effective group (dashed line; 
n=28) and NAC ineffective group (solid line; n=25). P<0.001 (Kaplan‑Meier 
analysis and log‑rank test). NAC, neoadjuvant chemotherapy.

Figure 5. Overall survival in the low PRMT1 expression (solid line; n=23) and 
high PRMT1 expression (dashed line; n=30) groups. P=0.012 (Kaplan‑Meier 
analysis and log‑rank test). PRMT1, protein arginine methyltransferase 1.

Table III. Numbers of patients with low and high PRMT1 
expression in the NAC+OP+R and NAC+R groups.

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

Low (score ≤4) 16 (69.6) 7 (30.4) 0.033a

High (score ≥6) 12 (40.0) 18 (60.0)

aχ2 test. NAC+OP+R, neoadjuvant chemotherapy + surgery + 
radiotherapy; NAC+R, neoadjuvant chemotherapy + radiotherapy; 
PRMT1, protein arginine methyltransferase 1.
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of asymmetric dimethylarginine, whereas type II enzymes 
produce symmetric dimethylarginine. PRMT1 is a Type Ⅰ 
arginine methyltransferase. PRMT1 catalyzes the methylation 
of ASK1 and leads to the negative regulation of downstream 
signaling events, resulting in stress‑induced stimulation of 
ASK1 and apoptotic cell death (25).

Anticancer agents, such as cisplatin, exhibit their 
antineoplastic activity by introducing DNA damage, particu‑
larly intrastrand DNA crosslinks, leading to apoptosis (15). 
Therefore, the inactivation of apoptotic pathways is associated 
with cisplatin resistance. The PRMT1‑induced inactivation of 
apoptotic pathways via ASK1 inhibition can contribute to the 
development of cisplatin resistance.

This study found a significant association between PRMT1 
expression and the efficacy of NAC in patients with locally 
advanced cervical cancer; patients with low PRMT1 expres‑
sion were more likely to benefit from NAC and undergo surgery 
after NAC. Consistent with this, the low PRMT1 expression 
and NAC effective groups had longer overall survival periods 
than the high PRMT1 expression and NAC ineffective 
groups, respectively. We also observed that downregulating 

PRMT1 expression increased the cisplatin sensitivity of 
cultured cervical cancer cells, indicating that PRMT1 is a 
cisplatin‑resistance factor. To the best of our knowledge, this 
study is the first to report a clearly defined relationship between 
PRMT1 expression and the effectiveness of NAC in locally 
advanced cervical cancer. However, the efficacy of NAC 
cannot be determined based on PRMT1 expression alone yet. 
As far as the standard treatment for locally advanced cervical 
cancer patients is CRT, we should choose NAC in just clinical 
trial settings. Moreover, one limitation of this study was that it 
included only 53 patients. Therefore, further investigation with 
more cases is needed to confirm our findings.

In summary, PRMT1 expression has the potential to be 
a predictive marker of the efficacy of NAC in patients with 
locally advanced cervical cancer. This finding can contribute 
to improvements in the prognosis of these patients.
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