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Abstract. – OBJECTIVE: Increasing evidence 
indicates that dysregulation of miRNAs is in-
volved in tumor progression and development. 
We aimed to determine potential values of miR-
629 as a serum diagnostic and prognostic bio-
marker in pancreatic cancer (PC).   

PATIENTS AND METHODS: MiR-629 expres-
sion levels in PC tissues and serum were mea-
sured by quantitative Real-time reverse tran-
scription-polymerase chain reaction (qRT-PCR). 
Receiver operating characteristic analysis (ROC) 
was utilized to assess the predictive power of 
serum miR-629 for PC. Then, the associations of 
serum miR-629 expression levels with clinicopath-
ological features and prognosis were evaluated.

RESULTS: We found that the expression lev-
els of miR-629 were significantly upregulated in 
both PC tissues and serum in comparison with 
matched normal tissues and healthy controls, 
respectively. Importantly, serum miR-629 could 
efficiently screen PC patients from healthy con-
trols (AUC=0.765). The diagnosis capability of 
serum miR-629 was significantly higher than 
that of CA19-9, and the combination of two mol-
ecules had higher diagnosis capacity. Higher 
expression of serum miR-629 in PC patients was 
associated with advanced TNM stage (p=0.000) 
and distant metastasis (p=0.003). Moreover, Ka-
plan-Meier analysis indicated that patients with 
high expression of serum miR-629 had signifi-
cantly shorter overall survival (p=0.0022) and 
disease-free survival (p=0.0003) than the low 
expression group. Univariate and multivariate 
analysis showed that serum miR-629 was a sig-
nificant and independent prognostic predictor 
for both overall survival and disease-free sur-
vival of PC patients. 

CONCLUSIONS: This study suggested serum 
miR-629 may be a potential biomarker for the di-
agnosis and prognosis of PC. 
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Introduction

Pancreatic cancer (PC) is the most common 
malignancy and a leading cause of cancer-relat-
ed mortality around the world1. Pancreatic car-
cinogenesis is known to be a multi-step process 
involving multiple genetic and epigenetic al-
terations2. Up to date, surgical resection offers 
the best chance for a possible cure. However, 
due to the lack of appropriate tools and specif-
ic symptoms for early diagnosis, PC is usually 
diagnosed at an advanced stage when surgical 
resection cannot be offered3,4. Thus, the surviv-
al rate of PC has not improved over the past 
decades. It is, therefore, of critical importance 
to screen novel biomarkers, which could be 
used to detect PC at an early stage and predict 
the prognosis of this malignancy. MicroRNAs 
(miRNAs) are a class of small noncoding RNAs, 
about 18-25 nucleotides, which exist widely in 
the eukaryotic organisms5. They directly bind 
to the 3’-untranslated regions (3’-UTRs) of 
target messenger RNAs (mRNAs), leading to 
mRNA degradation or translational suppres-
sion6. It has been identified that miRNAs play 
crucial roles in a vast range of biological pro-
cesses, including cell proliferation, cell cycle 
and cellular metastasis7,8. Currently, growing 
studies indicate that up- or down-regulation 
of some miRNAs contributes to progression of 
several cancers, which reveal the potential of 
miRNAs as predictive biomarkers for progno-
sis and diagnosis of tumor patients9-11. Recent-
ly, circulating miRNAs have been shown to be 
detectable in clinical samples such as plasma 
or serum with high stability, suggesting that its 
dysregulation may be used as novel diagnos-
tic and prognostic marker in cancer12,13.Grow-
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ing researches reported that miRNAs might be 
potential noninvasive tumor biomarkers in the 
diagnosis and assessment of prognosis of PC, 
such as miR-74414, miR-18a15 and miR-483-3p16. 
However, to date, no serum miRNAs have been 
successfully used in PC patients in clinical set-
tings.

MiR-629, located on human chromosome 
15q23, is upregulated in several types of cancer, 
including gastric cancer17, esophageal squamous 
cell carcinoma18 and mature ovarian teratomas19. 
Apart from this, dysregulation of miR-629 has 
also been reported in several other diseases, such 
as systemic lupus erythematosus20 and hepatitis 
C virus (HCV) infection21. Those results revealed 
miR-629 as an important regulator in development 
and progression of several diseases. Recently, Yan 
et al22 found that miR-629 expression levels was 
significantly upregulated in PC cells and in vitro 
and in vivo indicated that knockdown of miR-629 
could suppressed PC growth by targeting FOXO3. 
However, their work did not investigate the ex-
pression of miR-629 in clinical tissues and the 
clinical significance of miR-629 in PC patients. 
In this study, we firstly determined the levels of 
miR-629 in both PC tissues and serum. Then, we 
further explored the diagnostic and prognostic 
value of serum miR-629 in PC patients. Our pa-
per indicated that serum miR-629 may be a very 
useful, noninvasive, biomarker for PC patients.

Patients and Methods

Patients and Specimens
We enrolled 177 PC patients who underwent 

curative pancreatectomy at the Second Hospital 
of Tianjin Medical University from 2011 to 2013. 
A total of 177 PC samples and matched adjacent 
non-tumor tissues were obtained from these pa-
tients. Attained tissue samples were cut and fro-
zen in liquid nitrogen. All samples were diag-
nosed correctly based on clinical and pathological 
evidence. Those patients who received chemo-
therapy or radiotherapy were excluded from this 
study. Experienced pathologists provided detailed 
pathologic diagnosis according to UICC TNM 
classification standards (2002). The clinicopatho-
logic features of all the patients were summarized 
in Table I. All use of human specimens was ap-
proved and supervised by the Ethics Committee 
of The Second Hospital of Tianjin Medical Uni-
versity. Written informed consent was obtained 
from all of the patients.

Samples Collection
Whole blood (5 ml) from all 177 patients with PC 

mentioned above and 64 healthy volunteers was col-
lected in regular tubes and immediately processed 
to prevent contamination by cellular nucleic acids. 
Serum was separated within 1 h of blood collection 
by centrifugation at 10000 rpm for 10 min, to com-
pletely remove cell debris. The supernatant serum 
was then carefully collected, and the samples were 
stored at -80°C until further analyses.

RNA Isolation and Quantitative Real-Time 
Polymerase Chain Reaction (qRT-PCR)

Total RNA was extracted using mirVana Paris 
Kit (Ambion, Austin, TX, USA) according to man-
ufacturer’s instructions. Complementary DNAs 
were synthesized using the TaqMan miRNA RT Kit 
based on the specific stem-loop RT primer design. 
QRT-PCR was performed using SYBR-Green PCR 
kit (TransGen Biotech, Haidian, Beijing, China) 
following the instructions. The reaction conditions 
were shown as follows: 94°C for 4 min followed by 
40 cycles for 94°C for 1 min, 56°C for 1 min and 
72°C for 1 min. MiRNA expression levels were 
normalized against the glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) control. The relative ex-
pression fold change of miRNAs was calculated by 
the 2-ΔΔCt method. Primer sequences were as follows: 
miR-629, 5’-CGTGGGTTTACGTTGGG-3’ and 
5’-CTCGCTTCGGCAGCACA-3’; GAPDH, 5’-AC-
CCAGAAGACTGTGGATGG-3’ and 5’-CAGT-
GAGCTTCCCGTTCAG-3’.

Statistical Analysis
SPSS 18.0 software (SPSS Inc., Chicago, IL, 

USA) was used for data analysis and GraphPad 
Prism 5.0 (Version X; La Jolla, CA, USA) was used 
for picture editing. Difference between two groups 
was determined by using Student’s t-test. Compar-
ison between groups was done using Analysis of 
Variance (ANOVA) test followed by LSD (Least 
Significant Difference) post-hoc test. The associa-
tion between the serum miR-629 and clinicopatho-
logic features was tested using the chi-square test. 
Receiver operating characteristic (ROC) curves 
and area under the ROC curve (AUC) were used 
to assess the diagnostic value of serum miR-629. 
Kaplan-Meier method and log-rank test were per-
formed for patients’ survival analyses. Univariate 
and multivariate Cox proportional hazards analy-
ses were used to analyze the independent prognos-
tic factors for survival in PC patients. Results were 
considered to indicate a statistically significant dif-
ference at values of p<0.05.
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Results

Up-Regulation of miR-629 
in PC Tissues and Serum Samples

To observe the expression of miR-629 in PC, 
we examined the miR-629 expression levels in 
177 paired PC tissues and corresponding normal 
tissues by using qRT-PCR. As shown in Figure 
1, we found that miR-629 expression levels were 
significantly upregulated in PC tissues compared 
with the paired adjacent normal tissues (p<0.01). 
In addition, we also detected serum miR-629 lev-
els in 177 PC patients and 64 healthy controls. It 
was found that serum miRNA-629 was signifi-
cantly upregulated in PC patients compared to 
healthy controls (p<0.01). Overall, our results re-
vealed that overexpression of miR-629 may play 
an important role the pathogenesis of PC.

Diagnostic Performance 
of Serum miR-629 for PC

In order to determine the diagnostic value of 
serum miR-629, ROC curve analyses were per-
formed. As shown in Figure 2, we showed that 
serum miR-629 levels are promising to be a bio-
marker for the diagnosis of NSCLC. The area 
under the ROC curve (AUC) was 0.765 [95% 
confidence interval (CI)=0.679-0.851]. Further-
more, we evaluated the diagnostic significance 
of the conventional marker CA19-9. It was ob-
served that the AUC was 0.612 (95% C=0.509-
0.716) for serum CA19-9 and was significantly 
lower than that for serum miR-629, suggesting 
that serum miR-629 level showed a more diag-
nostic accuracy. In addition, further ROC anal-
ysis showed that the combination of serum miR-
629 and CA19-9 had an increased AUC value 

Table I. Relationship between expression of serum miR-629 and clinicopathologic factors in 177 patients with PC.

Characteristics	 Cases	                Serum miR-629 expression	 p-value

		  Low	 High	

Age		   		  NS
    < 55	 91	 41	 50	
    ≥ 55	 86	 49	 37	

Gender				    NS
    Male	 71	 33	 38	
    Female	 106	 57	 49	

Location				    NS
    Head, urinate	 119	 63	 56	
    Body, tail	 58	 27	 31	

CEA				    NS
    <4.3 μg/ml	 99	 52	 37	
    ≥4.3 μg/ml	 78	 38	 40	

CA19-9				    NS
    <37 U/mL	 100	 56	 44	
    ≥37 U/mL	 77	 34	 43	

Tumor diameter				    NS
    <2.5 cm	 107	 59	 48	
    ≥2.5 cm	 70	 31	 39	

Tumor depth				    NS
    T1/T2	 106	 60	 46	
    T3/T4	 71	 30	 41	

Differentiation				    NS
    Well	 69	 40	 29	
    Moderate	 56	 28	 28	
    poor	 52	 22	 30	

TNM staging				    0.000
    I-II	 111	 69	 42	
    III-IV	 66	 21	 45	

Distant metastasis				    0.003
    Positive	 62	 22	 40	
    Negative	 115	 68	 47	
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to 0.812 (95% CI=0.733 to 0.8927), which was 
significantly higher than that for serum miR-629 
or CA19-9 alone. Taken together, we suggested 
that serum miR-629 might function as a useful 
biomarker for PC diagnosis.

Correlations between 
Serum miR-629 and Clinical 
Features of PC

To assess the correlation of serum miR-629 
expression with clinicopathologic features, ac-
cording to the mean value of relative serum miR-
629 expression (6.78) in PC patients, the 177 PC 
patients were classified into two groups (High 
and Low). Then, x2-test was performed to eval-
uate clinicopathological factors between the two 
groups. As shown in Table I, it was observed that 
high serum miR-629 expression was closely asso-
ciated with TNM staging (p=0.000) and distant 
metastasis (p=0.003). However, there were no 
significant associations between serum miR-629 
expression and other clinical features including 
age, gender, location, CEA, CA19-9, tumor diam-
eter, tumor depth and differentiation (p>0.05).

High-Expression Level of Serum 
miR-629 Predicts Poor Prognosis 
in PC Patients

Then, we evaluated whether serum miR-629 
expression had prognostic potential for overall 
survival (OS) and disease-free survival (DFS) 
of PC patients. The Kaplan-Meier method and 

log-rank test were performed and the results in-
dicated that patients with high serum miR-629 
expression had a shorter OS and DFS time than 
those with low serum miR-629 expression (Fig-
ure 3A and 3B). In addition, univariate analysis 
indicated that OS and DFS were significantly 
correlated with TNM staging, distant metasta-
sis and serum miR-629 expression levels (Table 
II and III). Furthermore, multivariate analy-
sis confirmed serum miR-629 expression as an 
independent prognostic indicator for both OS 
(p=0.006, Table II) and DFS (p=0.001, Table III) 
of PC patients.

Figure 1. Expression level of miR-629 in human PC tissues and patients’ serum detected by qRT-PCR assay. A, The expres-
sion level of miR-629 was significantly higher in PC tissues than in adjacent noncancerous tissues (p<0.01). B, Serum level of 
miR-629 in patients with PC was also significantly higher than that in healthy controls (p<0.01).

A B

Figure 2. ROC analysis for the diagnosis of pancreatic can-
cer using serum miR-629, CA19-9 alone or the combination. 
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Figure 3. Kaplan-Meier survival curves based on serum miR-629 relative expression. A, Upregulation of serum miR-629 
decreased overall survival in patients with PC. B, The high expression of serum miR-629 reduced disease-free survival in 
patients with PC.

A B

Table II. Univariate and multivariate analyses for overall survival by Cox regression model.

Parameters		  Univariate analysis			  Multivariate analysis

	 HR	 95% CI	 p	 HR	 95% CI	 p

Age	 1.556	 0.672-2.233	 0.562	 –	 –	 –
Gender	 1.834	 0.479-2.782	 0.261	 –	 –	 –
Location	 2.143	 0.763-3.261	 0.163	 –	 –	 –
CEA	 1.663	 0.784-2.351	 0.157	 –	 –	 –
CA19-9	 2.677	 0.752-3.662	 0.081	 –	 –	 –
Tumor diameter	 1.892	 0.471-2.884	 0.132	 –	 –	 –
Tumor depth	 2.663	 0.783-3.223	 0.073	 –	 –	 –
Differentiation	 2.163	 0.678-3.632	 0.118	 –	 –	 –
TNM staging	 4.556	 1.532-8.732	 0.001	 3.687	 1.263-6.531	 0.001
Distant metastasis	 3.894	 1.482-5.263	 0.005	 3.137	 1.211-4.263	 0.008
Serum miR-629 expression	 3.273	 1.641-7.239	 0.001	 2.763	 1.237-5.745	 0.006

Table III. Univariate and multivariate analyses for disease-free survival by Cox regression model.

Parameters		  Univariate analysis			  Multivariate analysis

	 HR	 95% CI	 p	 HR	 95% CI	 p

Age	 1.344	 0.562-2.188	 0.352	 –	 –	 –
Gender	 1.378	 0.632-2.554	 0.167	 –	 –	 –
Location	 1.562	 0.569-3.778	 0.123	 –	 –	 –
CEA	 1.335	 0.114-2.782	 0.122	 –	 –	 –
CA19-9	 2.235	 0.562-3.442	 0.099	 –	 –	 –
Tumor diameter	 1.321	 0.663-2.785	 0.167	 –	 –	 –
Tumor depth	 2.532	 0.623-3.288	 0.081	 –	 –	 –
Differentiation	 2.234	 0.893-3.117	 0.123	 –	 –	 –
TNM staging	 4.232	 1.462-7.451	 0.001	 3.452	 1.277-6.783	 0.001
Distant metastasis	 3.672	 1.663-4.452	 0.008	 2.893	 1.334-3.893	 0.011
Serum miR-629 expression	 3.783	 1.552-8.532	 0.001	 3.144	 1.337-7.237	 0.001
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Discussion

Pancreatic cancer (PC) characterized by ex-
tremely aggressive invasion, early migration, and 
dismal prognosis is regarded as a grievous prob-
lem to human health in China23. Despite many 
treatment advances that have improved the out-
comes of some PC patients, the median surviv-
al time after diagnosis is less than six months24. 
Clinical practice shows that early detection of PC 
can reduce the mortality to a low level. Currently, 
several tumor-related molecules, such as carbohy-
drate antigen 19-9 (CA19-9), have been used as 
convenient diagnostic assays for early detection 
PC25,26. However, they have insufficient sensitivi-
ty and specificity at early stage. Currently, sever-
al miRNAs were found to have associations with 
different cancer types. For instance, circulating 
miR-222 was reported to serve as a novel and 
noninvasive biomarker for the early detection and 
prognostic prediction in gastric cancer27. Serum 
miR-195 levels in osteosarcoma patients were 
found to have a clinically satisfactory degree of 
sensitivity and specificity with an AUC of 0.89228. 
However, the value of serum miRNAs in diagno-
sis of PC has yet to be determined.

Up-regulation of miR-629 has been observed 
in various cancers and its tumor-promotive roles 
are also reported. For instance, Shao et al29 report-
ed that miR-629 was highly expressed in ovarian 
cancer and its knockdown suppressed ovarian 
cancer cells proliferation, migration, and invasion 
by targeting TSPYL5. Jingushi et al30 found that 
miR-629 expression was significantly upregulated 
in human renal cell carcinoma and functioned as 
a tumor promoter by inhibiting migration and in-
vasion of renal cell carcinoma cells via targeting 
TRIM33. Wang et al31 indicated miR-629 as a po-
tential biomarker in triple-negative breast cancer 
which was significantly associated with advanced 
TNM stage and poor overall survival. In addition, 
their in vitro and in vivo revealed that suppression 
of miR-629 could inhibit cell proliferation and 
invasion of triple-negative breast cancer. In line 
with above findings, up-regulation of miR-629 
was also observed in pancreatic cancer. Yan et 
al22 performed in vitro and in vivo experiments to 
explore the role of miR-629 in PC and their results 
showed that overexpression of miR-629 promoted 
metastasis of pancreatic cancer cells by targeting 
FOXO3. Taken together with previous studies, it 
was confirmed that miR-629 functioned mainly 
as a metastasis promoter in various tumors, in-
cluding PC. However, to the best of our knowl-

edge, no study has yet been conducted to detect 
the levels of miR-629 in the serum of PC patients 
and to explore its clinical significance in PC.

In this study, we showed for the first time that 
miR-629 expression was increased in PC tissues. 
In addition, serum miR-629 levels were also ob-
served to be up-regulated in PC patients. Then, 
we analyzed the ROC curve to assess diagnostic 
value of serum miR-629. The results showed that 
the expression of serum miR-629 could be used 
to discriminate PC from healthy controls. More 
importantly, we also found that miR-629 has a 
higher sensitivity and specificity than CA19-9 in 
discriminating PC patients from healthy controls. 
Further analysis indicated that the combination 
of serum miR-629 and CA19-9 processed a bet-
ter diagnostic accuracy. Subsequently, we further 
explore the association between miR-629 expres-
sion and clinicopathologic features and the results 
showed that the serum miR-629 expression was 
positively associated with TNM staging and dis-
tant metastasis. Moreover, through Kaplan‑Meier 
survival analysis and Cox analysis, it was found 
that increased serum miR-629 expression was 
associated with a shorter OS and DFS time in 
patients with PC. However, like many other re-
search, the limitation of our study was that the 
sample size was small. Besides, the precise mo-
lecular mechanisms behind the altered expression 
of miR-629 in PC and its function are not very 
clear. Therefore, future research need to solve 
these problems.

Conclusions

We showed that serum miR-629 was signifi-
cantly up-regulated in patients with PC and its 
detection might serve as a clinical predictor in the 
diagnosis or prediction of clinical outcomes for 
the patients with PC. Prospective investigations  
with larger sample size should be performed to 
confirm these data in future.
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