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The identification of cancer-associated long noncoding RNA (IncRNA) is
critical for us to understand cancer pathogenesis and development. The
aim of this study was to evaluate the expression profile of the IncRNA
SPRY4-ITI in cervical cancer and to identify its clinical significance in can-
cer progression. The expression levels of SPRY4-IT1 in cervical cancer tis-
sues were measured by quantitative real-time PCR, and its correlation with
overall survival of cervical cancer patients was analyzed statistically. Our
results showed that the expression levels of SPRY4-IT1 were higher in cer-
vical cancer tissues than in adjacent normal tissues. Patients with higher
SPRY4-IT1 expression had advanced clinical characteristics and a shorter
overall survival time than those with lower SPRY4-IT1 expression. More-
over, multivariate analysis showed that relative SPRY4-IT1 expression was
an independent predictor of overall survival in patients with cervical can-
cer. In addition, the model we have established shows a good prediction of
the probability of 5-year overall survival of patients according to the c-
index and calibration curve. Collectively, our data suggest that IncRNA
SPRY4-IT1 may be a novel molecule involved in cervical cancer progres-
sion, which may be of use as both a potential predictor and therapeutic
target.

provide key targets for cancer diagnoses and treat-

Cancer incidence and mortality have been increasing
worldwide, and cancer has been a leading cause of
death since 2010 [1]. Cervical cancer remains the
fourth most common cancer in women and the leading
gynecologic malignancy worldwide [2]. Despite wide-
spread implementation of Pap smear screening, cervi-
cal cancer remains a major public health problem [3].
Therefore, major efforts have focused on the identifica-
tion of a novel molecular biomarker for the early diag-
nosis or predicting the clinical prognosis in patients
with cervical cancer.

Long noncoding RNA (IncRNA), which are longer
than 200 nucleotides with no protein-coding capability,

Abbreviations

ments due to their important functions in a variety of
cellular processes including epigenetic changes, micro-
RNA sequestering, and tumor suppressor activity [4].
LncRNAs have been shown to be cell type- and tem-
poral-specific regulation of gene expression, and can
regulate many cellular processes through multiple dis-
parate mechanisms [5]. SPRY4 intronic transcript 1
(SPRY4-IT1: GenBank Accession ID AK024556),
which is a 687 nucleotides unspliced, polyadenylated
transcript derived from the second intron of the
SPRY4 gene, is firstly identified in melanoma [6]. The
SPRY4-IT1 has demonstrated its overexpression and
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amplification in multiple cancer types [7—12], indicating
that it may promote carcinogenesis. Moreover,
SPRY4-IT1 expression has been remarkably correlated
with clinical characteristics such as risk, relapse, pro-
gression in esophageal squamous cell carcinoma
(ESCC) [7], nonsmall-cell lung cancer (NSCLC) [8],
clear cell renal cell carcinoma (ccRCC) [10], gastric
cancer [13,14], bladder cancer [15], and melanoma [16].

Despite the wealth of knowledge regarding onco-
genic effects of SPRY4-IT1 in various cancers, very lit-
tle is known about its precise prognostic significance.
In fact, the handful of reports providing SPRY4-IT1
prognostic data extremely suggest that it exhibits its
prognostic value in several cancers. For example,
patients with higher SPRY4-IT1 expression have a
poorer prognosis than those with lower SPRY4-IT1
expression, and SPRY4-IT1 is an independent prog-
nostic indicator in patients with multiple cancers
[7,8,10]. However, its prognostic significance in cervical
cancer remains unknown.

In this study, we aimed to investigate the expression
of SPRY4-IT1 in cervical cancer and to further
explore its clinical significance in cervical cancer. We
first assessed the expression profile of SPRY4-ITI in
cervical cancer tissues by quantitative real-time PCR
(qRT-PCR). Next, we evaluated its associations with
clinical characteristics to identify its clinical signifi-
cance in cervical cancer. In addition, we constructed a
predictive model to predict clinical outcomes based on
SPRY4-IT1 expression in patients with cervical cancer.

Materials and methods

Ethics statement

This study protocol was approved by the Medical Ethics
Committee of The Second Affiliated Hospital of Nantong
University, and the written consent was obtained from each
enrolled patient.

Human tissues and serum samples

Tissue samples were obtained from a total of 100 patients
with cervical cancer who underwent radical resections at
The Second Affiliated Hospital of Nantong University.
None of the patients had received chemotherapy or radio-
therapy prior to surgery. Clinicopathological characteristics
in this study are summarized in Table 1. Tumor tissues
were obtained and stored immediately in liquid nitrogen
after surgical resection. All samples were confirmed by a
senior pathologist and were staged according to the Federa-
tion International of Gynecology and Obstetrics (FIGO)
staging system for cervical cancer. Each patient was
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Table 1. Correlation of SPRY4-IT1
characteristics in cervical cancer.

expression with clinical

Tumor low Tumor high
expression expression

Factors (n=54) N(%) (n=46) N(%) P

Age
< 45 years 31 (57.4) 18 (39.1) 0.068
> 45 years 23 (42.6) 28 (60.9)

Histology
Squamous 42 (77.8) 36 (78.3) 0.954
Adenocarcinoma 12 (22.2) 10 (21.7)

Tumor size (cm)
<4 43 (79.6) 21 (45.7) < 0.001
>4 11 (20.4) 25 (54.3)

FIGO stage
1B 37 (68.5) 18 (39.1) < 0.001
A 14 (25.9) 13 (28.3)
1B 3 (5.6) 15 (32.6)

Differentiation
Well/moderate 35 (64.8) 38 (82.6) 0.046
Poor 19 (35.2) 8 (17.4)

SCC-Ag (ug-L™")
<4 40 (74.1) 24 (52.2) 0.023
>4 14 (25.9) 22 (47.8)

Lymph node metastasis
Negative 45 (83.3) 19 (41.3) < 0.001
Positive 9 (16.7) 27 (58.7)

Pearson chi-square.

regularly followed up with a median follow-up period of
53 months (range: 3—60 months).

RNA extraction and cDNA synthesis

Total RNA was extracted from tissue samples using the
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer instruction and stored at —80 °C. RNA
concentration and purity were further measured on a Nano-
Drop spectrophotometer (Thermo Scientific, Waltham, MA,
USA). The extracted RNA was used to perform the next
experiments if its OD260/280 ranged from 1.8 to 2.0, and
cDNA synthesis was obtained from 1 pg RNA template.
Synthesis of cDNA was performed using PrimeScript RT
reagent Kit with gDNA Eraser (Takara, Dalian, China) and
stored at —20 °C until SPRY4-IT1 expression analysis.

Quantitative real-time PCR

The expression levels of SPRY4-IT1 were determined using
SYBR Premix Ex Tag™ II (Takara) following the manu-
facturer recommendation by ABI 7500 System (Applied
Biosystems, Foster City, CA, USA). The PCR reaction was
performed in a volume of 30 pL containing 30 ng cDNA
for each well. PCR cycling process was set as follows: initi-
ate hold at 95 °C for 10 min, followed by 45 amplification
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cycles of melting at 95 °C for 15 s, annealing and extension
at 60 °C.

For the normalization of tissue data, gene expression
was normalized to the respective GAPDH expression level.
The primer sequences of SPRY4-IT1 were as follows:
SPRY4-ITI: forward: 5-ATCCGAAGCGCAGACACAA
TTCA-3; reverse: 5'-CCTCGATGTAGTCTATGTCA
TAGGA-3'; GAPDH: forward: 5-TGTGGGCATCAATG-
GATTTGG-3, reverse: 5Y-ACACCATGTATTCCGGGT
CAAT-3. The relative expression was present as fold
changes by the comparative C; (AAC,) method.

Statistical analysis

All statistical analyses were conducted using spss version
20.0 software (IBM, San Jose, CA, USA). Statistical signifi-
cance was evaluated by a chi-square test or Wilcoxon
signed-rank test as appropriate. Data were presented as
mean + SD or number (percentage) if necessary. Receiver
operating characteristic (ROC) curve analysis was used to
determine the optimal cutoff value of SPRY4-IT1 in
tumor/nontumor. Survival curves and log-rank test were
used to analyze patients’ survival. Univariate and multivari-
ate Cox regression analyses were employed to assess sur-
vival data. A predictive model was constructed based on
significant variables in univariate analysis by R version
3.2.2 software (Institute for Statistics and Mathematics,
Sydney, Austria), and Harrell’s concordance index (c-index)
assessed its predictive efficiency. Values of P less than 0.05
were considered statistically significant.
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Results

Upregulation of SPRY4-IT1 in cervical cancer
tissues

Relative expression levels of SPRY4-IT1 were deter-
mined by qRT-PCR in a total of 100 patients with cer-
vical cancer. Expression levels were normalized to 0
(log scale) in adjacent normal tissues, and SPRY4-IT1
expression was remarkably increased in cervical cancer
tissues compared to adjacent normal tissues
(P <0.001, Fig. 1A). ROC curve analysis shows that
SPRY4-IT1 expression is a good candidate to discrimi-
nate tumor tissues from normal tissues (sensitivity:
78.3%, specificity: 63.6%). Furthermore, the optimal
cutoff value of SPRY4-IT1 (2.76-fold) in cancer/non-
cancer was determined by the largest Youden’s index
(0.419; sum of sensitivity and specificity — 1). Area
under ROC curve (AUC) is 0.741 (95%CI: 0.632-
0.849, P < 0.001; Fig. 1B). Then, patients with cervical
cancer were classified into two groups based on the
optimal cutoff value of relative expression by ROC
curve analysis (Fig. 1C).

Correlations between the expression of SPRY4-
IT1 and clinical characteristics in cervical cancer

To determine its clinical relevance in cervical cancer,
we examined correlations between SPRY4-IT1

Fig. 1. Relative SPRY4-IT1 expression and
its clinical significance in patients with
cervical cancer. (A) SPRY4-IT expression in
cervical cancer tissues in comparison with
adjacent normal tissues. The levels of
SPRY4-IT were measured by gRT-PCR and
normalized to GAPDH expression. (B)
Receiver operating characteristic curve
analysis was used to determine the

Sensitivity

SPRY4-IT1 relative expression
(cancer/noncancerous)

A
//AUC =0.741 Cut off =2.76 P < 0.001

0.0 . : ;
0 02 04 06 08 10

1 - specificity

0
0

optimal cutoff value of SPRY4-IT1 in
tumor/nontumor. (C) A total of 100
patients with cervical cancer were
classified into a high-SPRY4-IT1 group
(n = 46) and low-SPRY4-IT1 group

(n = 54). ***P < 0.001.
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Fig. 2. Kaplan-Meier curves for overall survival in patients with
cervical cancer according to SPRY4-IT1 expression. Patients with
high SPRY4-IT1 expression had significantly poorer overall survival
than those with low SPRY4-IT1 expression (P < 0.001, log-rank
test).

expression and clinicopathlogical factors such as age,
histology, tumor size, FIGO stage, tumor differentia-
tion, SCC-Ag, Lymph node metastasis. As shown in
Table 1, upregulation of SPRY4-IT1 was markedly
correlated with tumor size, FIGO stage, SCC-Ag, and
lymph node metastasis (P < 0.05), but not correlated
with patient’s age and histology (P > 0.05). In addi-
tion, a borderline significance was observed between
tumor differentiation and SPRY4-IT1 expression
(P =0.046). Taken together, these findings suggest
that upregulated SPRY4-IT1 expression was correlated
with the development and progression of cervical
cancer.

Prognostic value of SPRY4-IT1 in cervical cancer

High SPRY4-IT1 expression predicts poor
prognosis in patients with cervical cancer

To further understand the clinical significance of
SPRY4-ITI in cervical cancer, we first analyzed its
survival data by Kaplan—Meier analysis. The results
showed that cervical cancer patients with high SPRY4-
IT1 expression had significantly shorter overall sur-
vival time than those with low SPRY4-IT1 expression
(P <0.001, Fig. 2). Univariate analysis suggested
that SPRY4-IT1 expression, tumor size, FIGO stage,
SCC-Ag, and lymph node status were significantly
associated with worse overall survival in patients with
cervical cancer (P <0.05). Furthermore, relative
SPRY4-IT1 expression was an independent prognostic
factor for overall survival of patients with cervical can-
cer in multivariate analysis (Table 2). These results
revealed that SPRY4-IT1 expression could serve as a
potential independent prognostic factor in patients
with cervical cancer.

A predictive model for overall survival

To precisely predict clinical prognosis of patients with
cervical cancer, a prognostic nomogram was estab-
lished using the significant factors identified in univari-
ate analysis (Table 2). This model was used by
summing the points identified on the top scale for each
factor. Then, these total point scores were identified
on the total points scale to observe the probability of
3- and 5-year overall survival (Fig. 3). The c-index for
the model was 0.763 according to the fitted multivari-
able Cox regression analysis on the 100 patients. The
calibration curve was used to determine how the pre-
dictions from the nomogram compared to the actual
outcomes for the 100 patients. The dashed line pre-
sented the performance of an ideal nomogram, in
which the predicted observations perfectly matched
with the actual observations (Fig. 4).

Table 2. Univariate and multivariate analysis for overall survival in patients with cervical cancer.

Risk factors Category

Univariate analysis Multivariate analysis

HR (95% Cl) P HR (95% Cl) P

SPRY4-IT1 in tumor High (n = 46)/Low (n = 54)

4.95 (1.84-13.3b) 0.002 3.87 (1.38-10.83) 0.010

(
Age (years) > 45 (n=51)/< 45 (n = 49) 1.21 (0.53-2.76) 0.648
Histology Adenocarcinoma (n = 22)/Squamous (n = 78) 1.00 (0.37-2.70) 0.996
Tumor size (cm) >4 (n=36)/<4 (n=064) 3.32 (1.43-7.67) 0.005 2.26 (0.95-5.40) 0.066
FIGO stage IIA-IIB (n = 45)/IB (n = 55) 2.54 (1.08-6.00) 0.033 1.14 (0.35-3.66) 0.830
Differentiation Poor (n = 27)/Well/moderate (n = 73) 0.90 (0.35-2.27) 0.815
SCC-Ag (ug'L™) >4 (n=36)/<4 (n=064) 3.32 (1.43-7.67) 0.005 1.22 (0.53-2.82) 0.639
Lymph node metastasis Positive (n = 36)/Negative (n = 64) 3.19 (1.38-7.38) 0.007 1.74 (0.71-4.27) 0.226
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Fig. 3. A predictive model according to clinical characteristics. Nomogram for survival of patients with cervical cancer.
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Fig. 4. Calibration curve for b-year survival in cervical cancer
patients. The dashed line shows an ideal nomogram, and the solid
line refers to performance of the actual nomogram.

Discussion

Cervical cancer is one of the leading causes of death
from gynecologic malignancies, so it is urgent for us
to seek new potential biomarkers for its diagnosis,
prognosis, and therapy to improve clinical strategies
of cervical cancer. Recently, numerous IncRNAs have
been characterized and reported to play an important
role in cancer pathogenesis, suggesting that they may
be involved in disease biology [17]. Mounting

evidence revealed that dysregulation of IncRNAs
causes a range of biological functions leading a pro-
gressive and unlimited tumor growth [18]. LncRNAs
have been used to develop as biomarkers and prog-
nostic factors [19]. SPRY4-IT1 is derived from an
intron of the SPRY4 gene, which was originally asso-
ciated with melanoma [6]. Morecover, SPRY4-IT1 has
been discovered as a prognostic biomarker for several
cancers. In this study, we sought to identify the
expression profile of SPRY4-ITI1 in cervical cancer
and further know its prognostic value in patients with
cervical cancer.

We observed an increased expression of SPRY4-IT1
in cervical cancer tissues compared with that in corre-
sponding normal tissues. Besides, we showed that
increased SPRY4-IT1 expression was correlated with
tumor size, FIGO stage, SCC-Ag, and lymph node
metastasis in cervical cancer. It is more important that
we also proved that SPRY4-ITI1 expression was an
independent predictor for overall survival. Our con-
structed model was used to precisely predict clinical
prognosis of patients with cervical cancer. These
results suggest that IncRNA SPRY4-IT1 plays a direct
role in the regulation of cervical cancer progression
and may serve as a novel biomarker for cervical
cancer.

SPRY4-IT1 is transcribed from an intron of the
SPRY4 gene and has several long hairpins in sec-
ondary structure. Knockdown of SPRY4-IT1 con-
tributed to the suppression of biologic functions in
melanoma cells [6]. Furthermore, Liu ef al. [16] has
demonstrated that IncRNA SPRY4-IT1 was increased
in the plasma of melanoma patients compared to that
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in healthy controls, and served as an independent pre-
dictor for overall survival. In addition, SPRY4-IT1
was also upregulated in esophageal squamous cell car-
cinoma [7], prostate cancer [20], and gastric cancer
[14]. Although the molecular mechanism by which
SPRY4-IT1 contributes to the development and pro-
gression of cervical cancer is not further investigated
in the present study, previous investigations have pro-
vided several clues for us. Xie er al. [14] revealed that
SPRY4-IT1 promoted gastric cancer cells growth
through regulating epithelial-mesenchymal transition
(EMT) process. Shi et al. [12] showed that SPRY4-IT1
contributed to the proliferation of breast cancer cells
by upregulation of ZNF703 expression. Mazar et al.
[11] indicated that knockdown of SPRY4-IT1 in mela-
noma cells could increase acyl carnitine, fatty acyl
chains, and triacylglycerol to induce apoptosis. Collec-
tively, SPRY4-IT may contribute to the progression
and development of cancer via many types of
approaches.

A good predictive model can help physicians to dis-
criminate high-risk patients to choose an appropriate
therapy for patient. The nomogram has been devel-
oped to help physicians predict clinical prognosis in
patients with various types of cancers [21]. The FIGO
stage is often used to predict clinical outcome accord-
ing to risk of disease development and death. In this
study, we also attempted to establish a predict model
to predict the probability of 3- or 5-year overall sur-
vival for patients with cervical cancer based on
SPRY4-IT1 and the significant variables in univariate
analysis. The nomogram was conducted well in pre-
dicting the clinical outcome of patients with cervical
cancer according to the c-index and calibration curve.
This model aims to calculate some of the heterogeneity
in the same FIGO stage and provide a precise strategy
of therapy.

In conclusion, we have demonstrated that SPRY4-
ITI1 is upregulated in patients with cervical cancer, and
correlated with tumor progression. These findings indi-
cate that SPRY4-IT is an important molecular biomar-
ker for predicting prognosis and a potential target for
cervical cancer therapy.
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