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Abstract. The present retrospective study aimed to examine the 
association between the expression of long non‑protein‑coding 
RNAs (lncRNAs) and clinical prognosis in the pretreatment 
formalin‑fixed, paraffin‑embedded (FFPE) tissue samples of 
cervical squamous cell carcinoma patients that underwent plat-
inum‑based chemoradiation therapy. Between 2001 and 2013, 
49 consecutive patients with squamous cell cervical carcinoma 
were selected for the present study (median follow‑up period, 
44.1 months). The patients possessed an International Federa-
tion of Gynecology and Obstetrics stage of IB1/IIA1 (with 
pelvic lymph node metastasis), IB2 or IIA2‑IVA, and had been 
treated with definitive chemoradiation therapy. The pretreatment 
FFPE tumor biopsies of the patients obtained diagnosis were 
used for analysis. Total RNAs were extracted from the FFPE 
tumor tissues and reverse transcription‑quantitative polymerase 
chain reaction was performed to examine the expression level of 
lncRNAs. The expression level of X inactive‑specific transcript 
(XIST) demonstrated a significant association with the overall 
survival rate (P=0.014). The 4‑year overall survival rates were 
87.1 and 54.4% in the high and low XIST expression groups, 
respectively. Since the expression of XIST is associated with the 
overall survival rate, this lncRNA has the potential to become a 
predictor for the prognosis of cervical squamous cell carcinoma 
patients that are treated with chemoradiation therapy. Additional 
studies are required to investigate the underlying mechanisms 
of XIST that are associated with prognosis.

Introduction

Chemoradiation therapy (CRT) has become widely accepted 
as the standard treatment for locally advanced cervical cancer, 
as declared in the Clinical Announcement by the US National 

Cancer Institute in 1999 (1,2). However, the benefits of CRT 
decrease with increasing International Federation of Gyne-
cology and Obstetrics (FIGO) stage (3). Additionally, CRT 
may only benefit 1 out of 10 patients with cervical cancer, 
due to differences between tumors and the high frequency of 
side effects (4). Therefore, a more precise stratification of the 
patients that respond to CRT and the identification of prog-
nostic markers for cervical cancer are required.

Several pretreatment variables have been associated with the 
clinical outcome of patients with cervical carcinoma, including 
the FIGO stage, tumor size, lymph node status, hemoglobin 
level, histological type and patient age (5). Previously, in addi-
tion to the clinicopathological factors, numerous molecular 
markers in cervical cancer tissue specimens or serum samples 
have been investigated to identify the association between 
the survival rate and response to CRT (6,7). According to the 
studies reviewed by Noordhuis et al, angiogenesis and hypoxia 
markers, including hypoxia‑inducible factor‑1α and vascular 
endothelial growth factor, epidermal growth factor receptor 
pathway markers and cyclooxygenase‑2 were identified as 
prognostic markers, mainly by immunohistochemistry (6). 
In addition to protein biomarkers, which are derived from 
messenger RNAs (mRNAs), recent prognostic studies have 
investigated a large group of non‑coding RNAs (ncRNAs).

Although ncRNAs are transcribed from the genomic 
region, they are not translated into proteins (8). In higher 
organisms the non‑protein‑coding regions of DNA are 
increased; in humans, ~98% of DNA consists of non‑protein 
coding regions  (9), and numerous ncRNAs may be tran-
scribed from these regions. Furthermore, a recent study has 
suggested that numerous types of ncRNAs are also tran-
scribed from protein‑coding regions of DNA (10). Therefore, 
ncRNAs are hypothesized to be important in determining 
the complexity of higher eukaryotes and other physiological 
phenomena and are considered to be as critical as mRNA 
coding proteins. Although the functions of ncRNAs are 
not well known, ncRNAs may be crucial in the develop-
ment, physiology and pathology of cells, including cancer. 
MicroRNAs, which belong to a small group of ncRNAs, are 
the most well‑studied ncRNAs, including microRNA‑200a 
and microRNA‑9, which have been demonstrated to be 
predictors of cervical cancer (11). Long non‑coding RNAs 
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(lncRNAs) are tentatively defined as ncRNAs >200 nucleo-
tides in length (12‑14). Numerous lncRNAs are downregulated 
in various cancers, which demonstrate oncogenic and tumor 
suppressive roles (13). There are >60 lncRNAs reported to 
be associated with cancer (13); however, the function of the 
majority of lncRNAs, and the association between lncRNAs 
and the prognosis of cervical cancer, remains to be deter-
mined (12‑14).

In general, clinical tissue samples are preserved in 
formalin‑fixed, paraffin‑embedded (FFPE) blocks. Previous 
studies demonstrate the feasibility of quantifying gene expres-
sion by using RNA isolated from blocks of FFPE tumor 
tissue (15‑18). 

The aim of the present retrospective study was to examine 
expression of lncRNAs in pretreatment FFPE tissue samples 
of patients with cervical squamous cell carcinoma (CSCC) 
that underwent platinum‑based CRT, and to analyze the asso-
ciation between lncRNA expression and the clinical prognosis 
of the patients.

Materials and methods

Patients and tissue samples. Between March  2001 and 
March  2013, consecutive patients that were treated with 
definitive CRT for cervical cancer at the University of Tokyo 
Hospital (Tokyo, Japan) and met the following eligibility 
criteria were selected for the present study: A diagnosis 
of pathologically confirmed CSCC; FFPE tumor tissue 
biopsies were available prior to treatment; CSCC tumors 
were FIGO clinical stage IB1/IIA1, with pelvic lymph node 
(PLN) metastasis, or stage IB2 or IIA2‑IVA; the patients 
had undergone complete definitive CRT without any prior 
treatment for CSCC; and the patients had been followed‑up 
at the University of Tokyo Hospital. Patients with distant 
metastasis, including para‑aortic lymph node metastasis or 
uncontrollable other malignancies, were excluded from the 
present study.

Sections from the FFPE tumor blocks were stained 
with hematoxylin and eosin (Merck Millipore, Darmstadt, 
Germany), and reviewed by two experienced pathologists at 
the University of Tokyo Hospital to determine the suitability 
for analysis of the tumor content. Among the 58 patients that 
met the eligibility criteria, 9 were excluded from the present 
study, generally due to low tumor content in the FFPE 
samples. Therefore, 49 patients were analyzed in the current 
study.

The median age of the patients was 55  years (range, 
29‑82 years). The majority of patients were diagnosed with 
a FIGO stage of IIIB (n=24). The median maximum tumor 
diameter was 5.5  cm (range, 2.0‑9.7  cm), as measured by 
T2 weighted magnetic resonance imaging (MRI). Patient and 
tumor characteristics are reported in Table I.

The last patient follow‑up took place in March 2014. At 
the time of data analysis, 34 patients (69%) were alive and 
15 patients (31%) had succumbed to cause‑specific (13 patients; 
27%) and other (2 patients; 4%) diseases. The overall median 
follow‑up period was 44.1 months (range, 5.2‑142.1 months).

The present study was approved by the Institutional Review 
Board of the University of Tokyo Hospital {approved on May 21, 
2013 [no. 10152]; minor revision approved on September 9, 2013 

[no. 10152-(1)] and January 30, 2014 [no. 10152‑(2)]}. Written 
informed consent was obtained from all patients. All patient 
identifiers were removed prior to the analysis of the data.

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). From each FFPE 
block, 10‑15  tissue cores, measuring 10 µm in thickness, 
were removed. Total RNA was extracted from the tissue 
cores with RecoverAll™ Total Nucleic Acid Isolation kit for 
FFPE (Thermo Fisher Scientific, Inc., Waltham, MA, USA), 
according to the manufacturer's protocol. Complementary 
DNA (cDNA) was obtained by reverse transcribing the total 
RNA with a PrimeScript™ RT reagent kit with gDNA Eraser 
(Perfect Real Time) (Takara Bio Inc., Otsu, Shiga, Japan). 
RT‑qPCR was performed with SYBR® Premix Ex Taq™ II 
(Tli RNaseH Plus; Takara Bio Inc.) and the Eco Real‑Time 
PCR System (Illumina, Inc., San Diego, CA, USA). lncRNA 
values were normalized to those of GAPDH, which was used 
as an internal control.

lncRNAs examined. The present study focused on lncRNAs 
that had been implicated in various types of cancer, according 
to previous studies  (12‑14). Thus, the follow 5  lncRNAs 
were examined: X inactive‑specific transcript (XIST), Tsix, 
telomerase RNA component (TERC), dihydrofolate reduc-
tase (DHFR) upstream transcripts, antisense insulin‑like 
growth‑factor type‑II receptor RNA (Air).

Table I. Patient and tumor characteristics. 

Characteristic	 n (%)

Total	 49 (100)
Age range, years (median)	 29‑82 (55)
FIGO stage
  IB	 2 (4)
  IIA	 1 (2)
  IIB	 10 (20)
  IIIA	 7 (14)
  IIIB	 24 (49)
  IVA	 5 (10)
Pelvic lymph node metastasis
  Positive	 17 (35)
  Negative	 32 (65)
Initial hemoglobin range, g/dl (median)	 6.9‑14.2 (12.0)
Maximum tumor diameter	 2.0‑9.7 (5.5)
range, cm (median)
Concurrent chemotherapy
  Tri‑weekly CDDP 75 mg/m2	 18 (37)
  Tri‑weekly NDP 75-100 mg/m2	 18 (37)
  Weekly CDDP 40 mg/m2	 12 (24)
  Other	 1 (2)
RT duration range, days (median)	 35‑89 (45)

FIGO, International Federation of Gynecology and Obstetrics; 
CDDP, cisplatin; NDP, nedaplatin; RT, radiation therapy.
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Primers. The primer sequences used to amplify GAPDH 
and the 5  lncRNAs are reported in Table  II. Since FFPE 
treatment and storage of tissue samples may lead to damage 
across the length of RNA, primers were used to generate 
amplicons that were as short as possible. These primers were 
selected from previous studies  (19‑22) or produced using 
GENETYX®‑MAC software, version 13 (GENETYX Co., 
Tokyo, Japan).

Pretreatment evaluation. The pretreatment state of the 
patients was clinically evaluated by physical and pelvic 
examination without anesthesia, biopsy of the primary tumor, 
complete blood cell count and biochemistry profile, computed 
tomography (CT) of the chest, abdomen and pelvis, MRI of the 
pelvis, drip infusion pyelography, cystoscopy and rectoscopy. 
[18F]‑fluoro‑2‑deoxy‑D‑glucose positron emission tomog-
raphy (FDG‑PET) was routinely performed from 2008. PLNs 
>10 mm in diameter that were observed on CT or MRI, or 
revealed by FDG‑PET were considered to be metastases. The 
patients were assigned to a clinical stage on the basis of the 
FIGO classification.

Treatment schedule. CRT consisted of an external beam of 
radiation therapy (EBRT) to the whole pelvis followed by a 
high‑dose rate of intra‑cavitary brachytherapy (HDR‑ICBT) 
and platinum‑based chemotherapy (CTx).

EBRT was administered to the whole pelvis with 6 or 
10  MV photon‑beams. No patients received prophylactic 
extended‑field radiation therapy (RT). The daily dose was 

1.8‑2.0 Gy, which was administered to the mid‑pelvis once a 
day, 5 days a week. Depending on the tumor size, the whole 
pelvis was irradiated using the four‑field box technique up to a 
dose of 20‑40 Gy, then a boost up to a dose of 50‑50.4 Gy was 
administered to the parametrium, with a 4 cm‑wide central 
block performed using the antero‑posterior parallel two‑field 
technique. If necessary, a boost of 10 Gy in 2 Gy fractions was 
administered to the PLN.

Subsequent to the exposure of the central block to EBRT, 
HDR‑ICBT was started, using an Iridium‑192 remote after-
loading technique, in 6 Gy fractions, once or twice a week, 
for a minimum of 3‑4 fractions (microSelectron HDR‑V3; 
Elekta AB, Stockholm, Sweden). In the majority of patients, a 
tandem and ovoid applicator (Elekta AB) were used in combi-
nation for treatment at the primary tumor (point A), while in 
patients with a lower vaginal extension, a tandem‑cylinder 
(Elekta) was used for treatment at a distance of 5 mm from the 
applicator surface. All HDR‑ICBTs were devised based on CT 
using PLATO software version 14.2.6 (Nucletron, Veenendaal, 
The Netherlands) for each application.

The cumulative doses administered to the tumor from 
EBRT and HDR‑ICBT, were normalized to the biologi-
cally equivalent doses in 2 Gy fractions (GyEQD2) based 
on the linear‑quadratic model using an α/β ratio of 10 Gy. 
The median total dose to point A was 70.9 GyEQD2 (range, 
53.4‑85.6).

CTx was administered on the first day of RT. Between 
2001 and  2007, cisplatin was administered at a dose of 
75  mg/m2 tri‑weekly, for 3  cycles. Subsequent to 2007, 

Table II. Primer sequences for GAPDH and 5 lncRNAs.

Oligonucleotides	 Sequence

GAPDH (20)
  Foward	 GCACCGTCAAGGCTGAGAAC
  Reverse	 TGGTGAAGACGCCAGTGGA
XIST (21)	
  Foward	 AATGGAACGGGCTGAGTTTTAG
  Reverse	 TCATCCGCTTGCGTTCATAG
Tsix (21)	
  Foward	 AGTTGTGACCGATTTGGAGGGCTTACG
  Reverse	 GTATGGAGTCACCAGGTTCCCAGAGAAAGAC
TERCa	
  Foward	 TTCAGGCCGCAGGAAGAGGA
  Reverse	 ACGTCCCACAGCTCAGGGAA
DHFR upstream transcripts (19)	
  Foward	 ACCTGGTCGGCTGCACCT
  Reverse	 TTGCCCTGCCATGTCTCG
Air (22)	
  Foward	 GCAGCAAGAAGCACAGCAC
  Reverse	 GATGTCTGCGTGGTAACTGG

aPrimer sequences for TERC were produced with GENETYX®‑MAC version 13. All other primer sequences were obtained from the indicated 
references. lncRNA, long non‑coding RNA; XIST, X inactive‑specific transcript; TERC, telomerase RNA component; DHFR, dihydrofolate 
reductase; Air, antisense insulin‑like growth ‑factor type‑II receptor RNA. 
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cisplatin (40  mg/m2 weekly, for 6  cycles) or nedaplatin 
(75‑100 mg/m2 tri‑weekly, for 3 cycles) became the principal 
drugs of the CTx regimen. Patients with an advanced age, 
lower performance status or renal dysfunction required a 
reduction in the CTx dose.

Follow‑up and analysis of response and survival. Follow‑up 
was performed every month for the first year, every 2‑3 months 
for the second year and 3‑6 months thereafter. Follow‑up 
procedures consisted of physical and pelvic examination, 
cervical Papanicolaou smears and tumor markers. Chest to 
pelvic CT was performed with an interval of 3‑6 months for 
the first 2 years, and 6‑12 months thereafter. Pelvic MRI or 
FDG‑PET was performed if required.

Complete remission was defined as no evidence of disease 
3 months subsequent to the end of treatment, as evaluated by 
clinical and radiographic examinations. A diagnosis of tumor 
progression or recurrence was based on physical or radio-
graphic examination or pathological confirmation.

Statistical analysis. Statistical analysis was performed using 
StatView Dataset File software version 5.0J for Windows (SAS 
Institute, Inc., Cary, NC, USA). The survival period was defined 
as the time between the start of RT and cancer progression, 
mortality from any cause or the last follow‑up date. Survival 
curves were estimated using the Kaplan‑Meier method, and 
log‑rank tests were used to compare the survival distributions. 
Differences in patient or tumor characteristics were analyzed 
by the χ2  test or Fisher's exact test for 2 x 2 columns. Cox 
proportional hazards model was used for multivariate analysis. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

The 4‑year overall survival (OS) rates were 71.2±6.8  for 
all 49  patients and 73.5±7.6% for the 36  patients with 
FIGO stage III‑IVA tumors. Among the 5 lncRNAs, XIST 
expression was significantly associated with prognosis. The 
49 patients were classified into high (n=24) and low (n=25) 
XIST expression groups, according to the median value 
of XIST expression. The Kaplan‑Meier survival curves 
demonstrated that XIST expression levels were significantly 
associated with OS rates. The 4‑year OS rates were 87.1±6.9% 

in the high expression group and 54.4±10.8% in the low 
expression group (P=0.014; Fig.  1). Similarly, the 4‑year 
progression‑free survival (PFS) rates were 74.5±9.0  and 
49.8±10.3%, in the high and low XIST expression groups, 
respectively (P=0.065). By contrast, the expression levels 
of Tsix, TERC, DHFR upstream transcripts and Air were 
not associated with prognosis (Fig. 2; Table III). Tumor size 
was also a variable that was significantly associated with OS 
rates (P=0.035). Clinicopathological factors were compared 
between the high XIST expression and low XIST expression 
groups (Table IV). XIST upregulation was not associated 
with any of the clinicopathological factors. Multivariate 
analysis also demonstrated that the XIST expression level 
was significantly associated with OS rates (Table V). These 
results strongly suggest that XIST expression levels may be 
a potential prognostic factor for cervical cancer OS rates. 
Therefore, the present study concludes that overexpression of 
XIST may be important in CSCC progression and develop-
ment.

Discussion

The following 5 lncRNAs examined in the present study 
had been implicated in cancer, according to previous 
studies (12‑14): XIST, Tsix, TERC, DHFR upstream tran-
scripts and Air.

XIST is involved in X chromosome inactivation (XCI) 
in the cells of females and allows X chromosome equilibra-
tion in males. XIST expression has been downregulated in 
various human cancers. Loss of XCI and downregulation of 
XIST expression are commonly observed in basal‑like cancer, 
breast cancer susceptibility gene 1‑null triple negative breast 
cancer (23‑29) and ovarian cancer cell lines (30,31). In ovarian 
cancer cell lines, XIST expression may act as a prognostic 
marker associated with a chemotherapeutic response (32).

Tsix is transcribed in the antisense orientation from XIST 
and fully overlaps with the XIST gene  (33). Tsix inhibits 
XIST expression in cis (via interactions between different 
X chromosome regions) by several mechanisms. In one mech-
anism, Tsix binds to complementary XIST RNA and renders 
it non‑functional. Following this binding, XIST is made 
inactive through dicer, which is a type of endoribonuclease, 
preferentially cleaves double-stranded RNA (33). However, 
other mechanisms are also currently being studied.

Figure 1. Survival curve demonstrating the overall survival rates for patients 
with high or low expression of XIST. XIST, X inactive‑specific transcript.

Figure 2. Survival curve demonstrating the overall survival rates for patients 
with high or low expression of Tsix.
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TERC is a component of telomerase that extends telo-
meres (34). An increase in TERC gene expression has been 
frequently detected in a variety of human cancers  (35). 
Furthermore, amplification of TERC and overexpression of 
telomerase are associated with cervical tumorigenesis (36). 
Therefore, testing whether TERC has been amplified in 
cervical cancer may be used in addition to cytology screening 
and human papilloma virus testing, particularly in high‑risk 
patients.

DHFR upstream transcripts are transcribed upstream of 
the DHFR gene and regulate DHFR expression by forming 
a triple helix with the promoter and disassociating from the 

pre‑initiation complex (19). It has been reported that this 
lncRNA may be linked to cancer (13); however, the molecular 
mechanism remains unidentified. DHFR is the enzyme that 
converts dihydrofolate into tetrahydrofolate. This reaction is 
essential for de novo nucleic acid synthesis. DHFR upstream 
transcripts may affect de novo nucleic acid synthesis and this 
dysbolism may be conducive to tumorigenesis (37).

The mannose 6‑phosphate/insulin‑like growth‑factor 
type‑II receptor (M6P/IGF‑IIR) is considered to act as a 
suppressor of tumor growth in various types of cancer (38). 
Air regulates genomic imprinting of a cluster of autosomal 
genes, including IGF‑IIR, Slc22a2  and Slc22a3  in cis in 

Table III. Univariate analysis for OS rate by log‑rank test.

Variable	 n	 2 year OS rate, %	 4 year OS rate, %	 P‑value

Age, years				    0.240
  <56	 25	 91.7±5.6	 75.0±8.8	
  ≥56	 24	 82.4±8.0	   67.0±10.4	
FIGO stage				    0.780
  I‑II	 13	   81.8±11.6	   63.6±14.5	
  III‑IV	 36	 88.8±5.3	 73.5±7.6	
Nodal status				    0.450
  N0	 32	 89.9±5.5	 68.0±8.9	
  N1	 17	 82.4±9.2	   76.5±10.3	
Max. tumor diameter, cm				    0.035
  ≤5	 21	 94.7±5.1	 84.2±8.4	
  >5	 28	 82.0±7.3	 61.9±9.6	
RT dose, GyEQD2				    0.980
  ≤70	 24	 82.8±7.8	 73.5±9.3	
  >70	 25	 91.7±5.6	 68.8±9.9	
Initial hemoglobin, g/dl				    0.500
  ≤12	 25	 84.0±7.3	 63.5±9.7	
  >12	 24	 90.9±6.1	 80.7±8.7	
XIST				    0.014
  High	 24	 95.8±4.1	 87.1±6.9	
  Low	 25	 78.4±8.6	   54.4±10.8	
Tsix				    0.830
  High	 24	 82.2±8.1	 73.0±9.4	
  Low	 25	 91.7±5.6	 69.2±9.8	
TERC				    0.910
  High	 24	 87.1±6.9	 74.1±9.1	
  Low	 25	 83.3±7.6	   65.5±10.0	
DHFR, upstream transcripts				    0.910
  High	 24	 87.1±6.9	 74.1±9.1	
  Low	 25	 87.1±6.9	   67.6±10.2	
Air				    0.850
  High	 24	 82.9±7.8	 74.2±9.1	
  Low	 25	 91.5±5.8	   67.5±10.3	

OS, overall survival; FIGO, International Federation of Gynecology and Obstetrics; RT, radiation therapy; GyEQD2, biologically equivalent 
dose in 2 Gy fractions; XIST, X inactive‑specific transcript; TERC, telomerase RNA component; DHFR, dihydrofolate reductase; Air, anti-
sense insulin‑like growth‑factor type‑II receptor RNA.
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mouse chromosome 17 (39). Although full‑length transcripts 
have yet to be characterized in humans, this lncRNA may 
be associated with human cancers  (13) and may affect 
cancer‑associated gene expression at an epigenetic level (40).

To the best of our knowledge, the present study is the first to 
demonstrate an association between the XIST expression level 
and the prognosis of CSCC treated with platinum‑based CRT. 
High expression levels of XIST were clinically associated with 
increased OS rates. This observation reinforces the theory that 
XIST lncRNA may be used to predict the prognosis of CSCC 
treated with CRT.

Since lncRNAs are produced from the majority of the 
regions in the genome, they are emerging as key molecules in 
human cancer and may be useful as novel biomarkers for the 
diagnosis, prognosis and prediction of response to treatment. In 
particular, lncRNAs have been hypothesized to possess tumor 
suppressive and oncogenic functions in various cancer types. 
Homeobox transcript antisense intergenic RNA (HOTAIR) has 
been reported to be associated with the progression and prog-
nosis of cancers, including breast, esophageal, lung, liver and 
endometrial carcinomas (41‑46). In endometrial carcinoma, an 
increased level of HOTAIR was demonstrated to be associated 
with the depth of myometrial invasion, lymphovascular space 
invasion and a poorer OS rate. Therefore, this lncRNA may be 
a novel biomarker of prognosis in cancer patients (47).

The XIST gene is located in the X chromosome inactiva-
tion center and its product is transcribed from the inactive 

X  chromosome  (48,49). XIST then spreads along the X 
chromosome from which it was transcribed. XIST lncRNA 
is important in the initiation of XCI in female cells, which 
achieves dosage equilibration of X‑linked genes with 
males. Since XCI silences several hundred genes, including 
oncogenes, misexpression of XIST may potentially be a 
mechanism underlying tumorigenesis  (49‑51). Recently, 
Yildirim et al demonstrated a causal link between XIST 
expression and cancer in mice (52). Deleting XIST in the 
mouse blood compartment was found to lead to a highly 
aggressive myeloproliferative neoplasm and myelodysplastic 
syndrome with 100% penetrance (52). This result suggests 
that upregulation of X‑linked genes following the deletion 
of XIST leads to genome‑wide alterations in key develop-
mental and homeostatic pathways, which in turn drive cancer 
formation and progression  (52). Furthermore, in theory, 
XIST is particularly important in female‑specific cancer. 
Certain studies have claimed that XIST is involved in female 
cancers (14,23‑32). Taken together, these findings, and the 
results from the present study, demonstrate that a low XIST 
level may lead to the depression of X chromosome inactiva-
tion and the continuous gain of X chromosome reactivation. 
This phenomenon may, in turn, upregulate the expression of 
numerous cancer‑associated genes, including genes respon-
sible for the aggressiveness of cancer, in the X chromosome. 
This may lead to low XIST group patients not being treated 
effectively with CRT. In addition, high XIST levels may 

Table IV. Univariate analysis for XIST expression by χ2 test.

	 High XIST expression	 Low XIST expression
Variables	 group, n (%)	 group, n (%)	 P‑value

Total	   24 (100)	   25 (100)
Age, years
  ≤55	 15 (63)	 10 (40)	 0.12
  ≥56	   9 (38)	 15 (60)
FIGO stage
  I‑II	   6 (25)	   7 (28)	 0.81
  III‑IV	 18 (75)	 18 (72)
Nodal status
  N0	 13 (54)	 19 (76)	 0.11
  N1	 11 (46)	   6 (24)
Maximum tumor diameter, cm
  ≤5	 10 (42)	 11 (44)	 0.87
  >5	 14 (58)	 14 (56)
RT dose, GyEQD2

  ≤70	 14 (58)	 10 (40)	 0.20
  >70	 10 (42)	 15 (60)
Initial hemoglobin, g/dl
  ≤12	 12 (50)	 13 (52)	 0.89
  >12	 12 (50)	 12 (48)

XIST, X inactive‑specific transcript; FIGO, International Federation of Gynecology and Obstetrics; RT, radiation therapy; GyEQD2, biologi-
cally equivalent dose in 2 Gy fractions.
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trigger the reduction of numerous genes responsible for RT 
and/or CTx resistance in the X chromosome, and this may 
boost the effectiveness of RT and CTx.

Since XIST is able to control cancer, it may be reasonable 
to propose the reactivation of XIST as a therapeutic strategy 
in cancer. In tumors, XIST expression may be reactivated by 
small molecules, such as XIST expression vector, offering a 
novel therapeutic approach that would target epigenetically 
functional lncRNAs. If molecules that induce XIST expression 
are identified, artificially improving the prognosis of a patient 
may become feasible.

It is notable that there was no association between XIST 
and Tsix in the present study. In general, Tsix is transcribed 
from the antisense lncRNA XIST and controls XIST upregu-
lation, and XIST and Tsix often work in combination (53). 
However, the inherent functions of XIST are considered to be 
associated with the prognosis of CSCC. The findings of the 
present study may lead to an improved understanding of the 
emerging roles of XIST in cancer therapy.

Comprehensive analysis of gene expression using RNA 
from fresh frozen tumor specimens is important to improve 
the understanding of cancer pathogenesis, progression and 
prognosis. However, it is challenging for studies to treat frozen 
tumor specimens with degradable biomolecules, as frozen 
tissue samples are not readily available. By contrast, since all 
biomolecules are fixed, FFPE tissues may be treated at room 
temperature for extended periods of time, and therefore FFPE 
tissues are the most widely available specimens. Although 
formalin may cause the degradation and modification of 
nucleic acids, leading to a poor recovery of nucleic acid from 
preserved tissues, presently there are various commercially 
available kits for the isolation of nucleic acids from FFPE 
tissue sections (15‑18).

Various types of protein markers for the prognosis 
of cancer have been explored by numerous studies. At 
present, lncRNAs, in addition to HOTAIR and XIST, may 
also be considered as candidates for prognostic biomarker 

roles. Experiments to investigate the role lncRNAs play in 
cancer may be performed using FFPE specimens routinely 
preserved in numerous hospitals or laboratories. Addition-
ally, as RT‑qPCR possesses a high quantitative capability, 
precisely‑analyzed data may be obtained. In the present study, 
only 5 lncRNAs were analyzed; there may be other lncRNAs 
that are associated with the prognosis of CSCC patients. 
Additional studies are required to investigate other lncRNAs 
that may associate with cancer prognosis and the mechanisms 
by which they affect cancer.

There were certain limitations to the present study. 
First, due to the nature of a retrospective study, there was a 
lack of consistency of treatment. Second, the present study 
investigated a small sample size. Over a 13‑year period, 
263 patients were referred for definitive RT for cervical 
cancer treatment at the University of Tokyo Hospital. Of 
these 263  patients, only 49  were included in the present 
study. The following patients were excluded from the present 
study: 104 patients that partially received HDR‑ICBT at the 
University of Tokyo Hospital and received EBRT and CTx 
at other institutions; 4  patients with other malignancies; 
8 patients that received prior treatment for cervical cancer; 
7  patients without detailed information of treatment or 
without follow‑up; 14 patients with carcinoma in situ or FIGO 
stage IA, IB1 or IIA1 without PLN metastasis; 18 patients 
with para‑aortic lymph node metastasis; 3 patients with other 
distant metastasis; 3 patients with distant metastasis and 
para‑aortic lymph node metastasis; and 1 patient that did not 
complete the planned RT. Out of the remaining 101 patients, 
76 patients received CRT and 25 received RT alone. Among 
the 76 patients treated with CRT, 58 were diagnosed with 
squamous cell carcinoma. The FFPE tissue samples from 
9 patients were unsuitable or lost. Therefore, the remaining 
49 patients were included in the present study. To minimize 
variation that may have affected prognosis, the eligibility 
criteria were specific, and so the data gathered in the present 
study were reliable.

Table V. Multivariate analysis for XIST expression OS rates by Cox proportional hazards model.

Variables	 HR	 95% CI	 P‑value

Age			 
  XIST, high vs. low	 0.27	 0.08‑0.86	 0.027
  Age, <56 vs. ≥56, years	 0.59	 0.21‑1.70	 0.330
FIGO stage			 
  XIST, high vs. low	 0.26	 0.08‑0.83	 0.023
  FIGO stage, I‑II vs. III‑IV	 1.00	 0.31‑3.22	 1.000
Nodal status			 
  XIST, high vs. low	 0.27	 0.08‑0.87	 0.028
  Nodal status, N0 vs. N1	 1.16	 0.36‑3.73	 0.800
Max. tumor diameter			 
  XIST, high vs. low	 0.21	 0.06‑0.71	 0.012
  Max. tumor diameter, ≤5 vs. >5, cm	 0.23	 0.06‑0.84	 0.027

XIST, X inactive‑specific transcript; OS, overall survival; HR, hazard ratio; CI, confidence interval; FIGO, International Federation of 
Gynecology and Obstetrics.
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In conclusion, the results of the present study indicate 
that the expression of XIST associates with the OS rates of 
CSCC patients. However, additional studies are required to 
investigate the underlying mechanisms of XIST associated 
with prognosis, including the regulation of the response to 
CRT or progression of CSCC. Additional studies may reveal 
novel therapeutic strategies for CSCC treatment.
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