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Serum IncRNA-UFC1 as a potential biomarker for
diagnosis and prognosis of pancreatic cancer
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Abstract: Early diagnosis is important to improve the prognosis of pancreatic cancer (PC). Identifying potential
biomarkers is essential for the monitoring and treatment of PC. The long noncoding RNA (IncRNA) UFC1 has been
identified as an oncogenic factor in many cancers. However, the expression of UFC1 and its potential role in diagno-
sis and prognosis of PC remain largely unknown. The present study aimed to investigate the role of serum UFC1 in
diagnosis and prognosis. The results indicated that serum UFC1 expression was relatively higher in PC patients than
that in healthy volunteers. ROC curve analysis revealed that the serum UFC1 levels could distinguish PC patients
from healthy controls, with an AUC value of 0.810. In addition, the serum UFC1 expression level was associated with
lymph nodes metastasis, distant metastasis, and clinical stage. Kaplan-Meier analysis indicated that patients with
high UFC1 expression exhibited shorter progression-free survival (PFS) and overall survival (OS) than those with low
UFC1 expression. Multivariate analysis demonstrated that clinical stage and UFC1 expression level were significant,
independent prognostic factors in PC patients. Our data demonstrate that serum UFC1 might serve as a potential
biomarker for diagnosis and prognosis of PC.
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Introduction in length and have no protein coding capacity.

In recent years, IncRNAs have been shown to
Pancreatic cancer (PC) is the fourth most com- be involved in numerous Signa”ng pathways_
mon cause of cancer-associated mortality in LncRNAs can regulate gene activation or inacti-
the world and has a poor prognosis, with a vation by targeting different chromatin modifi-
5-year survival rate lower than 10% [1]. Due to cation complexes [6]. LncRNAs can also recruit

the hidden symptoms at early stages, fewer
than 15% of patients are diagnosed with PC at
a stage when they could be eligible for curative
surgical resection [2]. To improve early detec-
tion and prognosis and to provide timely and
effective treatment for high-risk patients, pre-
dictive biomarkers for PC are required. To date,
carbohydrate antigen 199 (CA199) and CA242,
which are currently used in clinical settings as
serum biomarkers for PC, are inadequate for
early screening and prognosis [3-5]. Therefore,
novel biomarkers with better sensitivity and
specificity for diagnosis and outcome predic-
tion in PC are required.

microRNAs as a scaffold or interact with mRNA-
stabilizing proteins to disrupt gene regulation
[7]. Accumulating evidence indicates that In-
CcRNAs can act as biomarkers in tumor diagno-
sis and prognosis. For instance, the levels of
the serum IncRNA LRB1 were significantly in-
creased in patients with hepatocellular carci-
noma (HCC) and positively correlated with AFP,
tumor size, and tumor stage, and the serum
levels of LRB1 were negatively correlated with
patients’ survival [8]. Other studies demonst-
rated that serum HOTAIR could serve as a no-
vel biomarker for the diagnosis of esophageal
carcinoma [9]. The effect of the IncRNA UFC1
Long noncoding RNAs (IncRNAs) are a class of was first reported in HCC cells. The expression
noncoding RNAs that are over 200 nucleotides of UFC1 was higher in HCC tissues than in con-
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Figure 1. Serum UFC1 levels as a diagnostic biomarker. A. Comparison of
the serum levels of UFC1 between PC patients and controls. B. ROC curve

analysis for serum UFC1 in the diagnosis of PC.

trol tissues, and this IncRNA could increase the
levels of B-catenin by interacting with the mRNA
stabilizing protein HuR [10]. Subsequent stud-
ies validated the tumor-promoting effect of
UFC1 in gastric and colorectal cancer [11, 12].
However, the associations between UFC1 and
PC are still unclear.

In the present study, we investigated the serum
levels of UFC1 in PC patients and healthy volun-
teers. We further analyzed the value of UFC1 in
clinical application for diagnosis and prognosis
of PC.

Material and methods
Patients and serum samples

In this study, serum samples were collected
from 48 patients who were diagnosed with PC
at Zhejiang Cancer Hospital between January
2012 and December 2014. No patient had
received any form of anti-cancer therapy be-
fore serum collection. Meanwhile, 40 age-mat-
ched healthy blood serum controls were col-
lected from the health examination center of
Zhejiang Cancer Hospital between February
2014 and December 2014. All samples were
centrifuged at 10,000 rpm for 10 min at 4°C.
Then, the serum supernatant was carefully
transferred into a fresh tube and stored at
-80°C for further analyses. This study was ap-
proved by the ethics committee of Zhejiang
Cancer Hospital, and informed consent was
obtained from all patients and healthy volun-
teers.

Quantitative RT-PCR

Total RNA was isolated from serum samples
using the RNA Isolation Kit (Axygen Scientific,
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Time PCR system (Applied Bio-
system, Rotkreuz, Switzerland)
using FastStart Universal SY-
BR Green Master (Roche, Sto-
ckholm, Sweden) according to
the manufacturer’s protocol.
The primers were as follows:
UFC1 forward, 5-TCCAACCTGAGTGACATAGC-
GA-3’ and reverse, 5-CTGACCTCCAACTCCAA-
CGAAT-3’; U6 forward, 5-GCTTCGGCAGCACA-
TATACTAAAAT-3’ and reverse, 5-CGCTTCACGA-
ATTTGCGTGTCAT-3'. U6 was used as the endog-
enous control. Each experiment was perform-
ed in triplicate. The mean expression level of
UFC1 was used as the cut-off value. According
to the cut-off value of UFC1, all patients with
PC were divided into two groups.

06 08 1.0

Statistical analysis

All statistical data were analyzed using SPSS
19.0 software (SPSS, Inc., Chicago, IL, USA).
Associations between UFC1 and patients’ cli-
nicopathologic characteristics were analyzed
using Pearson’s x2 test or Fisher's exact test.
Survival curves were established using the
Kaplan-Meier method, and significant differ-
ences were compared by log-rank test. The
prognostic value was determined by univariate
and multivariate Cox regression analysis. A
p-value < 0.05 was considered significant.

Results

Expression of serum UFC1 in PC patients and
its diagnostic efficacy

In this study, we first explored the expression
levels of UFC1 in the sera from 48 patients who
were diagnosed with PC and 40 healthy volun-
teers. As revealed by qRT-PCR, UFC1 expres-
sion was remarkably higher in sera from PC
patients compared with that from healthy con-
trols (P < 0.01, Figure 1A). ROC curve analysis
revealed that the serum UFC1 level could dis-
tinguish PC patients from healthy controls, with
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Table 1. Correlation between UFC1 expression and clinicopatho-
logic characteristics in pancreatic cancer

IncRNA UFC1 expression in PC

metastasis, distant metasta-
sis and clinical stage (all P

UFC1 expression

value < 0.05). However, there

Factor Low (n=29) High (n=19) P value was no significant associat.ion
with sex, age, tumor location,
Gender 0.923 . L
tumor differentiation, and local
Male 21 (72.4%) 14 (73.7%) invasion. These data indicated
Female 8 (27.6%) 5 (26.3%) that UFC1 may play an onco-
Age 0.315 genic role in PC progression.
<60 18 (62.1%) 9 (47.4%)
> 60 11 (37.9%) 10 (52.6%) Prognostic values of UFC1
Tumor location 0.969 level in PC
Head 19 (65.5%) 13 (68.4%) To investigate the correlation
Body 7(24.1%) 4 (21.1%) between UFC1 expression and
Tail 3 (10.3%) 2 (10.5%) PC patient prognosis, Kaplan-
Differentiation 0.945 Meier analysis and log-rank te-
Well 22 (75.9) 15 (78.9%) sts were performed. As shown
Moderate 4 (13.8%) 2 (10.5%) in Figure 2, PC patients with
Poor 3(10.3%) 2 (10.5%) high UFC1 expression exhibit-
Local invasion 0.057 ed shorter progression-free
T172 14 (48.3%) 4 (21.1%) s_urvival (PFS) and overfall sur-
1374 15 (51.7%) 15 (78.9%) vival (0S) than_ those with low
Lymph nodes metastasis 0.015 UFC1 expresspp (@l P vglue
ymp < 0.05). In addition, univariate
Negative 18 (62.1%) 5(26.3%) and multivariate analyses we-
Positive 11 (37.9%) 14 (73.7%) re performed to further evalu-
Distant metastasis 0.004 ate whether the expression le-
MO 25 (86.2%) 9 (47.4%) vel of UFC1 could be used as
M1 4 (13.8%) 10 (52.6%) a prognostic factor for PC pa-
Clinical stage 0.015 tients. As shown in Table 2,
-1l 21 (72.4%) 7 (36.8%) clinical stage and UFC1 expr-
Ty 8 (27.6%) 12 (63.2%) ession level _were ggmﬁcantjy
correlated with PFS and OS in
PC patients (all P values <
-+ UFC1 low expression B - UFC1 low expression 005) Multivariate analysis de-
—— UFC1 high expression —— UFC1 high expression monstrated that clinical stage
- and UFC1 expression level we-
p=0.001 ;5; p=0.001 re also significant, indepen-
o} L dent prognostic factors for PC
Yace Lo, .
'--.__L_ by L patients (all P values < 0.05).
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Figure 2. Kaplan-Meier curves of (A) PFS and (B) OS according to the level

of INcRNA-UFC1 expression.

Time (Months)

an AUC value of 0.810 (95% Cl: 0.719 to 0.900,

P < 0.001, Figure 1B).

Correlations of UFC1 expression with clinico-
pathologic features of PC patients

As shown in Table 1, the serum UFC1 expres-
sion level was associated with lymph nodes
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To date, this is the first investi-
gation that describes the role
of UFC1 in PC. In the present
study, we investigated the cli-
nical significance of serum UFC1 in PC pati-
ents. Serum UFC1 expression was relatively
higher in PC patients than that of controls.
Further analysis demonstrated that UFC1 ex-
pression was correlated with lymph node me-
tastasis and distant metastasis. Multivariate
Cox regression analysis indicated that UFC1
could serve as an independent prognostic fac-
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Table 2. Univariate and multivariate Cox regression analyses of OS and PFS in pancreatic cancer

patients
Overall survival p Progression-free survival p
HR 95% Cl HR 95% Cl

Univariate analyses
Gender 0.802 0.397-1.619 0.538 0.818 0.419-1.598 0.557
Age 1.696 0.897-3.207 0.104 1.596 0.848-3.005 0.147
Tumor location 0.947 0.485-1.848 0.873 0.734 0.382-1.411 0.354
Differentiation 0.895 0.416-1.925 0.776 0.824 0.381-1.784 0.623
Clinical stage 2.315 1.231-4.354 0.009 2.049 1.099-3.819 0.024
UFC1 expression 3.943 1.943-8.004 <0.001 2.592 1.336-5.029 0.005

Multivariate analyses
Gender 1.013 0.455-2.256 0.974 0.551 0.255-1.188 0.129
Age 1.658 0.770-3.568 0.197 1.440 0.667-3.109 0.353
Tumor location 0.860 0.365-2.029 0.731 0.493 0.214-1.135 0.097
Differentiation 0.966 0.380-2.460 0.943 2.031 0.751-5.489 0.163
Clinical stage 2.261 1.134-4.506 0.020 2.091 1.060-4.125 0.033
UFC1 expression 4.410 2.061-9.437 <0.001 2.828 1.367-5.848 0.005

tor for PC patients. Collectively, UFC1 may serve
as a biomarker for predicting the diagnosis and
prognosis of PC.

PC is an aggressive tumor with poor prognosis.
Early screening and prognostic analyses are
important for the diagnosis and early treat-
ment of PC. In recent decades, numerous stu-
dies have identified potential biomarkers for
the prediction of diagnosis and survival in pa-
tients with cancer [13-15]. Recently, emerging
evidence has demonstrated that IncRNAs can
play essential roles in tumor progression and
may serve as biomarkers and prognostic fac-
tors for many cancers [16-18]. For example,
high levels of HOTAIR are a powerful predictor
of survival and progression for many cancers,
including breast cancer [19], hepatocellular
carcinoma [20] and PC [21]. High levels of
INcRNA MALAT1 are associated with shorter
recurrence-free survival, so this IncRNA may
play a role in tumor progression [22]. In this
study, we demonstrated that the serum UFC1
level was relatively higher in PC patients than
in control volunteers and that UFC1 levels cor-
relate with a worse prognosis in PC patients.
Importantly, UFC1 has been reported to act as
an oncogene in several carcinomas, including
hepatocellular [10], gastric [11], and colorectal
cancer [12], which also supports the results of
our study. In HCC, UFC1 is highly expressed
and promotes cancer progression by increasing
levels of B-catenin through interaction with the
MRNA stabilizing protein HuR [10]. However,
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the underlying mechanisms by which UFC1 pro-
motes PC progression remain largely unknown.
The detailed mechanisms of UFC1 in PC pro-
gression will be investigated in the future.

In conclusion, the results of our study indicated
that the expression of UFC1 in serum could be
used as a potential diagnostic biomarker and
prognosis factor for PC.
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