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Abstract: Pancreatic cancer (PC) is a devastating human disease with aggressive course and extremely poor prog-
nosis. Long non-coding RNAs (lncRNAs) have been studied to serve as a critical role in pancreatic development 
and progression. However, little is known about its expression pattern, biological function in PC. In our study, we 
measured the expression levels of six lncRNAs (LINC00346, LINC00578, LINC00673, LINC00671, LINC00261, and 
SNHG9) in PC tissues and serums. The results showed that LINC00346, LINC00578, and LINC00673 were highly 
expressed, whereas LINC00671, LINC00261, and SNHG9 were lowly expressed in PC tissues and serums, and their 
expression levels were correlated with clinical stages. Results from receiver operating characteristic (ROC) curve 
analysis showed that the area under the curve (AUC) of six lncRNAs was 0.7073, 0.7837, 0.6093, 0.6057, 0.5712, 
and 0.5983, respectively. Survival analysis indicated that patients with high expression of LINC00346, LINC00578, 
or LINC00673 had significantly lower survival rate, while patients with high expression of LINC00671, LINC00261, 
and SNHG9 had significantly higher survival rate. In addition, we also found that silence of LINC00346, LINC00578 
and LINC00673 inhibited PC cell proliferation, and silence of LINC00671, LINC00261, and SNHG9 promoted PC 
cell proliferation. Therefore, we suggested that LINC00346, LINC00578, LINC00673, LINC00671, LINC00261, and 
SNHG9 may be novel prognostic markers for PC.
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Introduction 

Pancreatic cancer (PC), characterized by early 
metastasis and high mortality, is identified as 
one of the most lethal human diseases with 
extremely poor prognosis in the 21st century 
[1-5]. It has been estimated that the total new 
cases of PC in 2016 is 53070, and 41780 
patients died of this disease in the United 
States, and the 5-year relative survival is cur-
rently 8% [6]. The high mortality of PC could be 
due to a variety of reasons, including the lack of 
early symptoms and effective measures of 
detection. Thus, the most PC patients are diag-
nosed at a late clinical stage, and they gener-
ally die from metastatic disease [7, 8]. The con-
ventional treatments of PC mainly include 
surgery, radiation, and chemotherapy, with very 
limited effects on the progression of pancreatic 
tumor [1, 9]. Therefore, it is extremely urgent to 
understand the molecular mechanism of PC, 

and identify new effective measures for the 
patients of pancreatic carcinoma.

It has been well demonstrated that only 1-2% of 
the genome have the ability of encode proteins 
in the mammal, and more than 90% of them  
are transcribed as non-coding RNAs (ncRNAs), 
including microRNAs (miRNAs) and long non-
coding RNAs (lncRNAs) [10, 11]. MicroRNAs, 
play critical roles in the regulation of many bio-
logical processes, are transcripts defined by a 
length of 19 to 25 nucleotides [12, 13]. These 
small molecules could trigger their regulatory 
effects through binding to the specific mRNA, 
causing inhibition of translation to functional 
proteins in mammals [14]. Previous studies 
have revealed that miRNAs involved in cell pro-
liferation, apoptosis, and metastasis in various 
cancers, such as prostate cancer, breast can-
cer, and PC [15-17]. And lncRNAs, with a size 
over 200 nucleotides, are an important sub-

http://www.ajtr.org


LncRNAs serve as biomarkers in pancreatic cancer

2649 Am J Transl Res 2018;10(8):2648-2658

group of ncRNAs that participated in numerous 
of pathological process during cancers such  
as tumor cell proliferation, differentiation, and 
apoptosis [18, 19]. Although the exact func-
tions of most lncRNAs remain unclear, increas-
ing evidences have indicated lncRNAs play an 
important role in several tumors, such as ovar-
ian cancer, nasopharyngeal carcinoma, and 
lung cancer [20-22]. Accumulated lncRNAs 
were demonstrated to be involved in the patho-
genesis, diagnosis, or prognosis of PC, such as 
HOTAIR, MALAT1 and HOTTIP [23-25]. It sug-
gested that lncRNAs may play as critical agents 
in the progression of PC.

In our study, we explored the expression levels 
of three lncRNAs (LINC00346, LINC00578, and 
LINC00673) PC tissues and serums and the 
correlation of lncRNAs between tissues and 
serums. we analyzed the prognosis and surviv-
al analysis using receiver operating charac- 
teristics (ROC) and Kaplan-Meier method. Fur- 
thermore, we demonstrated the roles of lnc- 
RNAs on PC proliferation.

Materials and methods

Samples collection (tissues and serum)

PC tumor tissue samples were collected from 
patients who were diagnosed with PC. In total, 
229 paired of PC tissues (137 cases of I and II 
phases, and 92 cases of III and IV phases) and 
adjacent non-tumor tissues were freshly frozen 
in liquid nitrogen and stored at -80°C until fur-
ther use. The serum samples were prepared 

menting with 100 U/ml penicillin, 100 μg/ml 
streptomycin and 10% fetal bovine serum (FBS) 
in a 5% CO2 and 95% O2 atmosphere at 37°C.

siRNA interference

Control siRNAs and siRNAs for LINC00346, 
LINC00578, LINC00673, LINC00671, LINC0- 
0261, and SNHG9 were obtained from Gene- 
Pharma Co., Ltd (Shanghai, China). HPAC and 
BxPC-3 cells (2×104 cells/well) in the logarith-
mic phase were seeded into 6-well plates in 2 
mL of medium at 37°C. Next day, cells were 
transfected with 50 μM scramble siRNA (Ne- 
gative control, NC), LINC00346-siRNAs, LINC0- 
0578-siRNAs, LINC00673-siRNAs, LINC00671- 
siRNAs, LINC00261-siRNAs, and SNHG9-si- 
RNAs using Lipofectamine 3000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the 
manufacturer’s protocol.

RNA extraction and quantitative real-time PCR 
(qRT-PCR)

The blood samples of PC patients or health 
controls were collected and clotted at room 
temperature and then were centrifuged for at 
least 10 mins at 4°C with 4000 rpm to harvest 
the serum. Total RNAs of serum samples (1 ml) 
was extracted by the mirVana PARIS Kit (Am- 
bion, Austin, TX, USA) following the instructions 
of manufacturer. Total RNA of tissue samples 
was isolated by using the TRizol reagent (In- 
vitrogen Corp., Carlsbad, CA), according to the 
manufacturer’s protocols. Total RNAs of serum 

Table 1. The primer sequences in qRT-PCR assay 
LncRNAs Sequence of primers
LINC00346 Forward: 5’-GGAAACGGTCTAGTGGTGGA-3’

Reverse: 5’-AAGCCCTTCTTCACCCTCTC-3’
LINC00578 Forward: 5’-GATGGAGAGAGAGCCTGGAC-3’

Reverse: 5’-GCACTCCAACTGTTGCTGAT-3’
LINC00673 Forward: 5’-CCGTGTAAAGAGGCCAGTGT-3’

Reverse: 5’-ACACGAGCCTTCACCATCAG-3’
LINC00671 Forward: 5’-ATGGGAAACTGGCCAGATCA-3’

Reverse: 5’-TTCTCTGGCATTCCTCCTCC-3’
LINC00261 Forward: 5’-ATCAAGAGGCAATGGTCCCA-3’

Reverse: 5’-TTCAGCTCTTAGGGCAGGAC-3’
SNHG9 Forward: 5’-GACTGCAGACCCCTAACCTT-3’

Reverse: 5’-ACCCGCATGCAGTGAGTTA-3’
GAPDH Forward: 5’-TATGATGATATCAAGAGGGTAGT-3’

Reverse: 5’-TGTATCCAAACTCATTGTCATAC-3’

from PC patients or health controls (n = 229), 
and stored at -80°C. The use of tissues for  
this study has been approved by the ethics 
committee of Japan Union Hospital of Jilin 
University. The clinical stage of PC of all 
patients was classified according to the TNM 
classification system of the American Joint 
Committee on Cancer. Before using these clin-
ical materials for research purposes, all the 
patients have signed the informed consent. 
None of these patients received any pre-oper-
ative chemotherapy or radiotherapy.

Cell culture

HPAC and BxPC-3 cells were all obtained  
from the American Type Culture Collection 
(ATCC). All of these cells were maintained in 
Dulbecco’s modified Eagle’s medium (DMEM, 
Cat#: 11960-044, Invitrogen, USA) supple-
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samples and tissues samples were reverse 
transcribed into cDNA by the TaqMan MicroRNA 
Reverse Transcription Kit (Applied Biosystems, 
PN4366596). The expression of lncRNAs in tis-
sues and serum were quantified by the KAPA 
SYBR FAST qPCR Kit (Kapa Biosystems, 
KK4601). GADPH was used as internal control. 
The reaction system was in a 20 μl volume, con-
taining 10 μl of 2×SYBR Green I, 0.3 μl sense 

primer, 0.3 μl antisense primer, 6.4 μl distilled 
water and 3 μl cDNA template. And the program 
of qPCR was set as following: 95°C for 10 min-
utes, 95°C for 10 seconds, 60°C (set as the 
annealing temperature) for 2 min, 72°C for 2 
min, 72°C for 10 min, and 38 amplification 
cycles were performed from second step to 
fourth step. The levels of expressed genes were 
measured by the 2-ΔΔCt method with MxPro 4.00 

Figure 1. The expression levels of six different lncRNAs in the tissues of PC patients. A and B: The expression levels 
of LINC00346, LINC00578, LINC00673, LINC00671, LINC00261, and SNHG9 in PC tissues and corresponding 
normal tissues were measured by qRT-PCR (*P < 0.01, **P < 0.05, ***P < 0.001). C and D: The expression levels 
of the six lncRNAs in the different clinical stages of PC were examined by qRT-PCR (*P < 0.01, **P < 0.05, ***P 
< 0.001).
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(Stratagene). The primers used in this research 
were showed in Table 1.

and SNHG9) in PC tissues. As results showed 
that three of them (LINC00346, LINC00578, 

Table 2. The correlation between LINC00346 expression 
and clinical features in 229 patients with PCa

All 
cases

LINC00346
High expression Low expression P value

Age (year)
    > 60 108 52 (48.1%) 56 (51.9%) 0.516
    ≤ 60 121 59 (48.8%) 62 (51.2%)
Differentiation
    Well 69 31 (44.9%) 38 (55.1%) 0.520
    Moderate 87 41 (47.1%) 46 (52.9%)
    Poor 73 32 (43.8%) 41 (56.2%)
pN status 0.001
    N0 123 47 (38.2%) 76 (61.8%)
    N1-N2 106 64 (60.4%) 42 (39.6%)
pM status 0.100
    M0 156 75 (47.5%) 83 (52.5%)
    M1 73 42 (57.5%) 31 (42.5%)
Clinical stage 0.391
    I 79 46 (58.2%) 33 (41.8%)
    II 58 27 (46.6%) 31 (53.4%)
    III  53 34 (64.2%) 19 (35.8%)
    IV 39 22 (56.4%) 17 (43.6%)
pN: pathological node; pM: pathological metastasis.

Table 3. The correlation between LINC00578 expression 
and clinical features in 229 patients with PCa

All 
cases

LINC00578
High expression Low expression P value

Age (year) 0.448
    > 60 108 49 (45.4%) 59 (54.6%)
    ≤ 60 121 57 (47.1%) 64 (52.9%)
Differentiation
    Well 69 37 (53.6%) 32 (46.4%) 0.461
    Moderate 87 45 (51.7%) 42 (48.3%)
    Poor 73 38 (52.1%) 35 (47.9%)
pN status 0.018
    N0 123 53 (43.1%) 70 (56.9%)
    N1-N2 106 71 (57.3%) 53 (42.7%)
pM status 0.044
    M0 156 63 (40.4%) 93 (59.6%)
    M1 73 39 (53.4%) 34 (46.6%)
Clinical stage 0.422
    I 79 44 (55.7%) 35 (44.3%)
    II 58 31 (53.4%) 27 (46.6%)
    III  53 32 (60.4%) 21 (39.6%)
    IV 39 24 (61.5%) 15 (38.5%)
pN: pathological node; pM: pathological metastasis.

MTT assay

The treated cells were seeded into a 
96-well plate at a density of 2×103 
cells/well, and maintained under 37°C 
for 24 hrs. at 24, 36, 48 hrs, MTT solu-
tion (50 µl) was added to each well and 
incubated it at 37°C for 4 hrs. Next, 
the medium was removed and DMSO 
(200 µl) was added into each well. The 
absorbance of each well was mea-
sured by a microplate reader at 490 
nm.

Statistical analysis

The unpaired t test was applied to test 
the differential expression of lncRNAs 
in cancer tissues compared to adja-
cent non-cancerous tissues. The pai- 
red t-test was used for comparison  
of differential expression of lncRNAs 
between pre  and postoperative sam-
ples. The one-way analysis of variance 
was used to compare the differential 
expression of lncRNAs between nor-
mal and PC patients at different TNM 
stages. ROC was generated using 
logistic regression models to evaluate 
the diagnostic performance of various 
lncRNAs. Area under curve (AUC) was 
used as the evaluation criteria; the 
higher AUC, the better diagnostic per- 
formance. 

Data of this study are presented as the 
mean values ± standard deviation (SD) 
and differences were considered sta-
tistically significant at P < 0.05. SPSS 
21.0 software (SPSS, Inc., Chicago, IL, 
USA) and GraphPad (GraphPad Prism 
Software, La Jolla, CA, USA) were used 
to conduct the analysis.

Results

Expression of six different lncRNAs in 
PC tissues

In order to investigate the potential 
biological roles of lncRNA in PC, we 
firstly performed qRT-PCR to exa- 
mine the expression levels of six differ-
ent lncRNAs (LINC00346, LINC00578, 
LINC00673, LINC00671, LINC00261, 
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and LINC00673) were highly expressed (**P < 
0.01, ***P < 0.001, tumor tissues vs. normal 

expression of different lncRNAs. And results 
suggested that patients with high expression 

Table 4. The correlation between LINC00673 expression 
and clinical features in 229 patients with PCa

All 
cases

LINC00673
High expression Low expression P value

Age (year) 0.510
    > 60 108 57 (52.8%) 51 (47.2%)
    ≤ 60 121 63 (52.1%) 58 (47.9%)
Differentiation
    Well 69 36 (52.2%) 33 (47.8%) 0.472
    Moderate 87 46 (52.9%) 41 (47.1%)
    Poor 73 35 (47.9%) 38 (52.1%)
pN status 0.050
    N0 123 54 (43.9%) 69 (56.1%)
    N1-N2 106 59 (55.7%) 47 (44.3%)
pM status 0.007
    M0 156 63 (40.4%) 93 (59.6%)
    M1 73 43 (58.9%) 30 (41.1%)
Clinical stage 0.325
    I 79 48 (60.8%) 31 (39.2%)
    II 58 31 (53.4%) 27 (46.6%)
    III 53 33 (62.3%) 20 (37.7%)
    IV 39 21 (53.8%) 18 (46.2%)
pN: pathological node; pM: pathological metastasis.

tissues) (Figure 1A), whereas the ot- 
her three lncRNAs (LINC00671, LIN- 
C00261, and SNHG9) were lowly ex- 
pressed, in the PC tissues compared 
with corresponding normal tissues (*P 
< 0.05, **P < 0.01, tumor tissues vs. 
normal tissues) (Figure 1B). In addi-
tion, we also found that the expression 
levels of LINC00346, LINC00578, and 
LINC00673 were positively correlated 
with the clinical stages, and the ex- 
pression levels of LINC00671, LIN- 
C00261, and SNHG9 were negatively 
correlated with the clinical stages (*P 
< 0.05, **P < 0.01, ***P < 0.001) 
(Figure 1C and 1D). Furthermore, we 
found that LINC00346 expression  
was significantly related to pathologi-
cal node (P = 0.001) (Table 2); LINC- 
00578 expression was significantly in 
connection with pathological node (P = 
0.018) and pathological metastasis (P 
= 0.044) (Table 3); LINC00673 expres-
sion was significantly connected with 
pathological metastasis (P = 0.007) 
(Table 4); LINC00671 expression was 
significantly relevant to pathological 
node (P = 0.007) (Table 5); LINC00261 
expression was significantly relevant 
to pathological node (P = 0.018) (Table 
6); SNHG9 expression was significant-
ly connected with pathological node (P 
= 0.004) and pathological metastasis 
(P = 0.028) (Table 7).

ROC curve analysis and survival 
analysis of six lncRNAs in PC

To further assess the biological func-
tions, we performed ROC curve analy-
sis to evaluate the diagnostic value of 
the six lncRNAs. The AUCs closer to 1 
reflect more substantial differences 
between PC and normal tissues. As 
results indicated that the AUC of LIN- 
C00346, LINC00578, LINC00673, LI- 
NC00671, LINC00261, and SNHG9 
was 0.7073, 0.7837, 0.6093, 0.6057, 
0.5712, and 0.5983, respectively (Fig- 
ure 2A and 2B), suggesting that these 
lncRNAs may serve as good prognostic 
indicator in PC. The survival analysis 
was performed to evaluate the surviv-
al rate of patients with high or low 

Table 5. The correlation between LINC00671 expression 
and clinical features in 229 patients with PCa

All 
cases

LINC00671
High expression Low expression P value

Age (year) 0.486
    > 60 108 61 (56.5%) 47 (43.5%)
    ≤ 60 121 67 (55.4%) 54 (44.6%)
Differentiation
    Well 69 36 (52.2%) 33 (47.8%) 0.470
    Moderate 87 48 (55.2%) 39 (44.8%)
    Poor 73 38 (52.1%) 35 (47.9%)
pN status 0.007
    N0 123 71 (57.7%) 52 (42.3%)
    N1-N2 106 43 (40.6%) 63 (59.4%)
pM status 0.141
    M0 156 84 (53.8%) 72 (46.2%)
    M1 73 33 (45.2%) 40 (54.8%)
Clinical stage 0.221
    I 79 45 (57.0%) 34 (43.0%)
    II 58 34 (58.6%) 24 (41.4%)
    III  53 26 (49.1%) 27 (50.9%)
    IV 39 16 (41.0%) 23 (59.0%)
pN: pathological node; pM: pathological metastasis.
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levels of LINC00346 (P < 0.001), LINC00578 (P 
< 0.001), and LINC00673 (P = 0.005), or with 

LINC00346, LINC00578, LINC00673, LINC- 
00671, LINC00261, and SNHG9 in HPAC and 

Table 6. The correlation between LINC00261 expression 
and clinical features in 229 patients with PCa

All 
cases

LINC00261
High expression Low expression P value

Age (year) 0.446
    > 60 108 57 (52.8%) 51 (47.2%)
    ≤ 60 121 66 (54.5%) 55 (45.5%)
Differentiation 0.348
    Well 69 34 (49.3%) 35 (50.7%)
    Moderate 87 46 (52.9%) 41 (47.1%)
    Poor 73 39 (53.4%) 34 (46.6%)
pN status 0.018
    N0 123 75 (61.0%) 48 (39.0%)
    N1-N2 106 49 (46.2%) 57 (53.8%)
pM status 0.214
    M0 156 83 (53.2%) 73 (46.8%)
    M1 73 34 (46.6%) 39 (53.4%)
Clinical stage 0.092
    I 79 47 (59.5%) 32 (40.5%)
    II 58 35 (60.3%) 23 (39.7%)
    III  53 21 (39.6%) 32 (60.4%)
    IV 39 18 (46.2%) 21 (53.8%)
pN: pathological node; pM: pathological metastasis.

Table 7. The correlation between SNHG9 expression and 
clinical features in 229 patients with PCa

All 
cases

SNHG9
High expression Low expression P value

Age (year) 0.294
    > 60 108 55 (50.9%) 53 (49.1%)
    ≤ 60 121 67 (55.4%) 54 (44.6%)
Differentiation 0.146
    Well 69 43 (62.3%) 26 (37.7%)
    Moderate 87 47 (54.0%) 40 (46.0%)
    Poor 73 39 (53.4%) 34 (46.6%)
pN status 0.004
    N0 123 78 (63.4%) 45 (36.6%)
    N1-N2 106 48 (45.3%) 58 (54.7%)
pM status 0.028
    M0 156 91 (58.3%) 65 (41.7%)
    M1 73 32 (43.8%) 41 (56.2%)
Clinical stage 0.149
    I 79 47 (59.5%) 32 (40.5%)
    II 58 35 (60.3%) 23 (39.7%)
    III  53 24 (45.3%) 29 (54.7%)
    IV 39 18 (46.2%) 21 (53.8%)
pN: pathological node; pM: pathological metastasis.

low expression levels of LINC00671 (P 
= 0.003), LINC00261 (P = 0.002), and 
SNHG9 (P < 0.001), had a significantly 
lower survival percent (Figure 2C and 
2D).

Expression of six different lncRNAs in 
serum of PC patients

To further confirm the expression pat-
terns of the six different lncRNAs in  
PC, we measured their expression lev-
els in the serum of PC patients by using 
qRT-PCR. As a result, the expression 
levels of LINC00346, LINC00578, and 
LINC00673 were significantly upregu-
lated in the serum of PC patients com-
pared with the serum of health con-
trols (*P < 0.05, ***P < 0.001) (Figure 
3A). The expression levels of LINC- 
00671, LINC00261, and SNHG9 were 
significantly downregulated in the se- 
rum of PC patients compared with the 
serum of health controls (*P < 0.05, 
**P < 0.01, ***P < 0.001) (Figure 3B). 
Due to the expression levels of six dif-
ferent lncRNAs was examined in both 
the tissues and serum of PC patients, 
the correlation between the two groups 
was then analyzed. As results show- 
ed that a significant correlation was 
observed for LINC00346 (r = 0.092, 
***P < 0.001), LINC00578 (r = 0.11, 
***P < 0.001), LINC00673 (r = 0.08, 
***P < 0.001), LINC00671 (r = 0.58, 
***P < 0.001), LINC00261 (r = 0.018, 
*P = 0.041), and SNHG9 (r = 0.032, 
**P = 0.006) (Figure 3C and 3D).

The effects of LINC00346, 
LINC00578, LINC00673, LINC00671, 
LINC00261, and SNHG9 on PC cell 
proliferation

In order to investigate the biological 
roles of LINC00346, LINC00578, LIN- 
C00673, LINC00671, LINC00261, and 
SNHG9 on PC proliferation, we estab-
lished LINC00346, LINC00578, LINC- 
00673, LINC00671, LINC00261, and 
SNHG9 knock downed cell model by 
transfecting HPAC and BxPC-3 cells 
with siRNAs. And qRT-PCR was used  
to confirm the knockdown effects of 
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BxPC-3 cells, respectively (P < 0.01 or P < 
0.001, Figure 4A and 4B). Next, MTT assay 
revealed that silence of LINC00346, LINC- 
00578 and LINC00673 inhibited PC cell prolif-
eration, and silence of LINC00671, LINC00261, 
and SNHG9 promoted PC cell proliferation (P < 
0.05, P < 0.01 or P < 0.001, Figure 4C and 4D).

Discussion 

Up to now, approximate 15,000 lncRNAs are 
present in the human genome [26]. Mounting 
transcriptional profiling studies have revealed 

that aberrant lncRNA expression in various 
human cancers, such as gastric cancer, co- 
lorectal cancer, and breast cancer [27-29]. 
Although the exact functions and mechanisms 
of most lncRNAs remain unclear, increasing  
evidences have been presented to show that 
lncRNAs may play a critical role in tumor devel-
opment, progression, and metastasis [30, 31]. 

Pancreatic cancer is considered as one of the 
most common malignancies in the world [32]. 
Due to the lack of effective diagnostic and 
prognostic indicator, patients with PC had a 

Figure 2. Receiver operating characteristics (ROC) curve analysis and survival analysis of lncRNAs in PC. (A and 
B) Receiver operating characteristics (ROC) curve analysis of LINC00346, LINC00578, LINC00673, LINC00671, 
LINC00261, and SNHG9 in PC. (C and D) Survival analysis of LINC00346, LINC00578, LINC00673, LINC00671, 
LINC00261, and SNHG9 in the PC patients (*P < 0.01, **P < 0.05, ***P < 0.001). 
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high fatality rate and a poor prognosis [33]. 
Recently, more and more lncRNAs were found 
to be involved in the prognosis of PC, Kim et al 
have reported that HOTAIR may serve as a neg-
ative prognostic factor in PC [25]; and Huang C 
et al have also reported that increased expres-
sion level of PVT1 was associated with the poor 
prognosis of PC patients [34]. In this present 
study, we found that the expression levels of  
six different lncRNAs (LINC00346, LINC00578, 
LINC00673, LINC00671, LINC00261, and SN- 

HG9) were significantly changed in the tissues 
and serum of PC patients. It has been reported 
that the amount of many lncRNAs expression 
was remarkably altered in different caner TNM 
stage [35, 36]. Therefore, we examined lncRNAs 
expression in different TNM stages of PC tis-
sues by qRT-PCR, and results showed that the 
expression profiles of these lncRNAs were cor-
related with the clinical stages of PC. In order to 
evaluate whether these lncRNAs could serve as 
prognostic factors in PC patients, we performed 

Figure 3. The expression levels of six different lncRNAs in the serum of PC patients, and the correlation of expression 
between tissues and serum. A and B. The expression levels of LINC00346, LINC00578, LINC00673, LINC00671, 
LINC00261, and SNHG9 in the serum of PC patients and health controls (*P < 0.01, **P < 0.05, ***P < 0.001). 
C and D. The Spearman’s rank correlation scatter plot of six PC-related lncRNAs levels in tissues and serum of 
PC patients. LINC00346 (r = 0.092, ***P < 0.001), LINC00578 (r = 0.11, ***P < 0.001), LINC00673 (r = 0.08, 
***P < 0.001), LINC00671 (r = 0.58, ***P < 0.001), LINC00261 (r = 0.018, *P = 0.041), and SNHG9 (r = 0.032, 
**P = 0.006).
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ROC analysis, and results showed that six  
different lncRNAs may act as good prognostic 
indicator in PC. In addition, survival analysis 
showed that patients with different expression 
of these lncRNAs exhibited different survival 
rate, suggesting that these lncRNAs may act as 
good prognostic indicator in PC. 

Cell proliferation is a critical step of tumor 
growth, and increasing studies have demon-
strated that lncRNAs were involved in the cell 
proliferation of various tumors, including PC 
[23, 37, 38]. Therefore, we assessed the effects 
of the six lncRNAs on cell proliferation of PC  
cell lines, and results showed that silence of 

Figure 4. The effects of LINC00346, LINC00578, LINC00673, LINC00671, LINC00261, and SNHG9 on PC cell pro-
liferation. HPAC and BxPC-3 cells were transfected with Negative control (NC), LINC00346 siRNAs, LINC00578 siR-
NAs, LINC00673 siRNAs, LINC00671 siRNAs, LINC00261 siRNAs, and SNHG9 siRNAs, respectively. A and B. qRT-
PCR assays were performed to detect LINC00346, LINC00578, LINC00673, LINC00671, LINC00261, and SNHG9 
expressions (**P < 0.01, ***P < 0.001). C and D. MTT assays were used to measure the proliferation abilities of 
HPAC and BxPC-3 cells (*P < 0.05, **P < 0.01, ***P < 0.001).



LncRNAs serve as biomarkers in pancreatic cancer

2657 Am J Transl Res 2018;10(8):2648-2658

LINC00346, LINC00578, and LINC00673 in- 
hibited cell proliferation, whereas silence of 
LINC00671, LINC00261, and SNHG9 promot-
ed cell proliferation.

In conclusion, our data demonstrate that ex- 
pression levels of LINC00346, LINC00578, 
LINC00673, LINC00671, LINC00261, and SN- 
HG9 were significantly altered in the tissues 
and serum of PC patients, and their expression 
were correlated with the different TNM stages. 
ROC analysis and survival analysis showed that 
these lncRNAs could act as prognostic indictor 
for PC patients. In addition, MTT assay showed 
that LINC00346, LINC00578, and LINC00673 
inhibited cell proliferation, whereas silence of 
LINC00671, LINC00261, and SNHG9 promot-
ed cell proliferation.
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