
Abstract. – OBJECTIVE: To investigate Long
non-coding RNA HULC (HULC) expression in
cervical cancer and to evaluate its clinical signif-
icance.

PATIENTS AND METHODS: HULC expression
in 244 pairs of human cervical cancer and adja-
cent normal tissues was detected by real-time
quantitative RT-PCR assay. The correlation be-
tween HULC and clinicopathological factors was
also evaluated. The clinical and prognostic sig-
nificance of HULC expression was analyzed sta-
tistically by Kaplan-Meier estimate and Cox re-
gression model.

RESULTS: HULC expression was high in cer-
vical cancer (p < 0.01). Also, the high HULC ex-
pression was significantly associated with the
FIGO stage, lymph node metastasis and depth
of cervical invasion (p < 0.05). Kaplan-Meier
analysis showed that cervical cancer pa¬tients
with high expression of HULC possessed poor-
er outcome than those with low expression of
HULC (p < 0.001). Based on the univariate and
multivariate analysis, the elevated expression
of the HULC protein was a significant predictor
of poor prognosis for cervical cancer patients
(p = 0.001).

CONCLUSIONS: Our data firstly showed that
the expression of HULC was upregulated in cer-
vical cancer, and associated with overall sur-
vival, indicating that HULC may serve as a pre-
dictive biomarker for the prognosis of cervical
cancer.
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Introduction

Cervical cancer is one of the most common
malignant cancers in woman worldwide, with
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an estimated global incidence of 529,800 new
cases and 275,100 deaths per year1,2. In devel-
oping countries, the incident case of cervical
cancer accounts for more than 80% of world in-
cident case3. Despite marked efforts in develop-
ing multimodal treatments, the clinical outcome
of cervical cancer patients remains unfavorable.
Many studies have shown that tumor size,
lymph node metastasis and lymph-blood vessel
invasion are independent prognostic factors for
survival of cervical cancer patients4. However,
these factors may not accurately estimate prog-
nosis because of heterogeneity in the patient
population. Thus, it is highly necessary to ex-
plore novel biomarkers for the early identifica-
tion of a more effective, clinical therapeutic
strategy against cervical cancer.

Long non-coding RNAs (lncRNAs) are a type
of non-coding RNAs which own a length of more
than 200 nucleotides and are located in nuclear
or cytoplasmic fractions5,6. Accumulating evi-
dences showed that lncRNAs participated in can-
cer cell biological processes, such as cell growth,
cell metastasis, and cell differentiation7,8. Mean-
while, lncRNAs have been shown to be an aber-
rant expression in cancer tissue considered as
oncogenes or tumor suppressors9-11. Unfortu-
nately, the emerging functional role of lncR-
NAs in cervical cancer remains largely un-
known.

In the present report, we aimed to investigate
the expression of HULC in cervical cancer and
further explore the clinical significance of HULC
in cervical cancer. We firstly explored the expres-
sion level of HULC in cervical cancer tissues us-
ing qRT-PCR. Next, we investigated whether
HULC expression was associated with the out-
come of cervical cancer patients.
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Figure 1. Expression of HULC is increased in cervical
cancer tissues compared with non-cancerous tissues through
qRT-PCR (p < 0.01).
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Results

HULC Expression is Elevated in
Cervical Cancer Tissues

Using qRT-PCR, HULC gene expression was
assessed in 244 ovarian cancer tissue samples
and 65 normal ovarian tissue specimens. In con-
trast to normal cervical tissues, the expression of
HULC was increased in most cervical cancer tis-
sues(p < 0.01).

Correlation Between HULC and
ClinicoPathological Features in
Cervical Cancer Patients

To further explore the role of HULC in deter-
mining the clinical significance of cervical can-
cer, we analyzed the association between HULC
expression and clinicopathological features in
244 cervical cancer patients. The median HULC
expression level was used as a cutoff value to
divide all 244 patients into two groups: high
HULC expression group (n = 120) and low
HULC expression group (n = 124). The results
were summarized in Table I. High HULC ex-
pression was negatively associated with FIGO
stage (p = 0.001), Lymph node metastasis (p =
0.000), and Depth of cervical invasion (p =
0.000) of patients with cervical cancer. Never-
theless, no significant correlation was found be-
tween HULC expression and other clinicopatho-
logical characteristics.

Patients and Methods

Patients and Tissue Samples
A total of 244 paired of primary cervical can-

cer tissues and the adjacent normal cervical epi-
thelial tissues from cervical carcinoma patients
were collected from February 2007 to December
2013 at Department of Gynaecology and Obstet-
rics in Henan Provincial People’s Hospital. All
the cancer tissues were confirmed by pathologi-
cal diagnosis after surgery. All patients had pro-
vided consent in the sense that their tumor sam-
ples could be used for investigational purposes.
The tissues were immediately frozen in liquid ni-
trogen and stored at -80°C until use. The date of
death and the date of relapse were used to calcu-
late estimate overall survival (OS). Written in-
formed consent was obtained from all patients,
and research protocols were approved by the
Clinical Research Ethics Committee of Henan
Provincial People’s Hospital

RNA Isolation and Quantitative RT-PCR
Total RNA was extracted from all tissue sam-

ples with TRIzol (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s instruc-
tions. 1 g RNA was reverse transcribed in a final
volume of 20 l using random primers under stan-
dard conditions for the PrimeScript RT reagent
Kit (NanoDrop Technologies, Wilmington, DE,
USA). Real-time PCR analyses were performed
with SYBR Green (Takara, Dalian, Liaoning,
China). GAPDH was measured as an internal
control for paired tumor and normal tissues. The
primer sequences of HULC were as follows:
(forward primer, 5’-ATCTGCAAGCCAGGAA-
GAGTC-3’, and reverse primer,

5’-CTTGCTTGATGCTTTGGTCTGT-3’).
The relative expression levels of HULC were cal-
culated using the 2- Ct method

Statistical Analysis
The significance of differences between

groups was estimated by Student’s t-test,
2
test or

Wilcoxon test, as appropriate. Overall survival
was obtained using the Kaplan-Meier method.
Independent prognostic factors were assessed in
the univariate and multivariate analysis using the
Cox proportional-hazards regression model. All
of the statistical analyses were performed using
SPSS for Windows v.16.0 (SPSS Inc., Chicago,
IL, USA). p < 0.05 was considered to indicate a
statistically significant difference.
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Variables No. of cases (n = 244) HULC expression p-value

Age (years) 0.883
< 50 113 58 55
≥ 50 131 66 65

Tumor size (cm) 0.256
< 4 113 53 60
≥ 4 131 71 60

Histological grades 0.720
Well/moderate 135 70 65

Poor 109 54 55
FIGO stage 0.001

Ib-IIa 117 73 44
IIb-IIIa 127 51 76

Lymph node metastasis 0.000
No 133 82 51
Yes 111 42 69

Depth of cervical invasion 0.000
< 2/3 119 78 41
≥ 2/3 125 46 79

Table I. Clinicopathological characteristics of cervical cancer patients.

Figure 2. High HULC predicts a poor prognosis in cervi-
cal cancer patients (p < 0.001).

Association of HULC Expression with
Clinical Prognosis

Kaplan-Meier analyses were performed to in-
vestigate the correlation of HULC expression
with overall survival of cervical cancer patients.
Our results showed that patients with high level
of HULC expression had significantly shorter
overall survival time (Figure 2, p < 0.001) than
patients with low level of HULC expression.
Univariate analysis demonstrated that FIGO
stage (p = 0.012), Lymph nodes metastasis (p <
0.002), Depth of cervical invasion (p = 0.009),
and HULC expression (p = 0.006) were signifi-
cantly associated with overall survival of cervical
cancer patients (Table II). Multivariate analysis
was conducted using the Cox proportional haz-
ards model confirmed that The expression of
HULC emerged as an independent and signifi-
cant factor associated with poor five-year sur-
vival rates (p = 0.001, shown in Table II).

Discussion

The prognosis for cervical cancer remains
poor despite recent advances in the diagnosis of
this cancer, and the 5-year overall survival rate of
cervical cancer is a dismal 28%12,13. Accurate
prediction of the prognosis for the individual pa-
tient with cervical cancer is of great importance.
However, many prognostic biomarkers are not
satisfactory. Thus, it is urgently necessary to
identify reliable molecular markers to precisely

predict tumor response to the treatment and the
clinical outcomes of cervical cancer patients.

In recent years, roles of lncRNAs in cervical
cancer have attracted much interest from urologi-
cal researchers and are becoming a hot spot in
cervical cancer research. Wu et al14 showed that
lncRNA CCAT2 expression is significantly high-
er in cervical cancer tissue than in adjacent nor-
mal tissues. Furthermore, functional experiments
demonstrated LncRNA CCAT2 promoted the
proliferation and survival of cervical cancer cells.
Yang et al15 found that lncRNA MALAT1 was in-
creased in cervical cancer and associated with
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advanced clinical features. Furthermore, patients
with higher expression of lncRNA MALAT1 had
a significantly poor prognosis. Jiang et al16 re-
ported that lncRNA LET was not only up-regu-
lated but could promote the progress of cervical
cancer and impact prognosis of the cancer pa-
tients. Kim et al17 showed that over-expression of
HOTAIR might promote cervical cancer progres-
sion by inducing cell migration and invasion
through the upregulation of VEGF, MM P-9 and
expression of EMT-related genes. The above
studies revealed that lncRNAs played an impor-
tant role in the progression of cervical cancer.

The lncRNA HULC which is located on chro-
mosome 6p24.3 and is conserved in primates is a
newly confirmed lncRNA. It was firstly identi-
fied to be strongly overexpressed noncoding tran-
scripts in human HCC18. Peng et al19 revealed
that HULC was up-regulated in human pancreat-
ic cancer tissues and can be considered an inde-
pendent prognostic factor. Sun et al20 reported
that the expression level of HULC in osteosarco-
ma was up-regulated. Furthermore, functional
experiments demonstrated Down-regulated
HULC inhibited cell proliferation, migration, and
invasion of osteosarcoma cells. Those results re-
vealed that HULC severed as an oncogene in
cancer. In the present study, We found that
HULC expression in cervical cancer tissues was
significantly higher than that in matched normal
adjacent tissues. Our data showed that high-level
HULC was closely associated with poor overall
survival of cervical cancer patients. Univariate
and multivariate analyses indicated that HULC
was an independent predictor of shorter overall
survival of cervical cancer patients.

Conclusions

To the best of our knowledge, this is the first
report demonstrating an association between
HULC expression and clinical relevance in cervi-
cal cancer. Our results suggest that HULC may
represent a novel prognostic indicator and a tar-
get for gene therapy in cervical cancer.
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