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Abstract: Recently, more and more studies show that long non-coding RNAs (IncRNAs) play a very important role in
various biological processes. However, research on IncRNA in the tumor cell drug resistance of it is seldom reported.
In this study, gemcitabine-resistant pancreatic cancer cell line SWI990/GZ was obtained by treating parental cell line
SWI990 in vitro with increasing dosage of gemcitabine in culture medium intermittently for ten months. We identi-
fied 4983 of 13310 detected IncRNAs demonstrated > 2-fold abnormally expressed in response to the gemcitabine-
resistant, among of them, 1993 and 2990 IncRNAs were upregulated and downregulated. Meanwhile, 4759 mRNAs
exhibited at least a 2-fold, of these, 2671 and 2088 mRNAs were upregulated and downregulated. Gene Ontology
analysis and Pathway analysis revealed that differential expression mRNA involved in significant biological regula-
tory function and some genes may be particular to pancreatic cancer chemotherapy resistance. Quantitative real
time PCR confirmed the changes of six INcCRNAs (RP11-58D2.1, lincRNA-ZNF532, AP000221.1, CTC-338M12.5,
CR619813, DDX6P) and nine mRNAs (SYT1, FAM171B, ZNF331, FAM187B, CYP1A1, SRXN1, HIST1H2BL, TOM-
M40L and SPP1) in SW1990 and SW1990/GZ. We also found that the upregulating of gemcitabine on the expres-
sion of lincRNA-ZNF532 was time-dependent. Gemcitabine at a range from 1.0 uM to 16.0 yM induced a increase
of lincRNA-ZNF532 in SW1990 cells. The relative level of DDX6P is opposite to that of lincRNA-ZNF53 in the same
circumstance. In conclusion, the dysregulated IncRNAs and mRNAs identified in this work may represent good can-
didates for future diagnostic or prognostic biomarkers and therapeutic targets.

Keywords: Pancreatic cancer, drug-resistant, INcRNA, mRNA, expression profle

Introduction

Pancreatic cancer (PC) is the fourth leading
cause of cancer death in the last two decades,
with a less than 6% five-year survival rate and a
median overall survival of < 6 months, and inci-
dence rates are close to mortality rates, which
is also known as “the king of cancers” [1]. PC is
one of the most lethal malignancies with poor
prognosis due to advanced stage disease at ini-
tial diagnosis, tumour relapse and the absence
of treatment strategies that specifically and
effectively target these tumors [2]. The only
curative treatment is surgical resection but this
surgery is possible in only 10% to 15% of cases
[3]. For locally advanced, unresectable and
metastatic disease,chemotherapy is consid-
ered the main treatment option, but the dismal
prognosis is partly due to its Intrinsic and

acquired resistance characteristics. Gemcita-
bine (2’, 2'-difluorodeoxycitidine) is a nucleo-
side analog and a pyrimidine antimetabolite
that inhibits deoxyribonucleic acid (DNA) syn-
thesis by inhibition of DNA polymerase and ribo-
nucleotide reductase [4]. It is considered to be
the first-line therapy drug for pancreatic cancer.
But its therapeutic efficacy is far from satisfac-
tory because there are many cases resistant to
gemcitabine. Clinical data shows that therapeu-
tic benefits were experienced by only 23.8% of
gemcitabine-treated patients in their early stag-
es of treatment [5]. Thus, a better understand-
ing the molecular mechanisms underlying the
development of chemoresistance would pro-
mote our understanding of PC development
and treatment failure [6]. Pancreatic cancer will
still to be a main unsolved health problem in
the 21(st) century.
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Mechanisms of resistance to gemcitabine is
very complicated and previous studies from
genome transcription and translation level
failed to illustrate this problem deeply. We need
a new angle to explain the mechanism of pan-
creatic cancer chemotherapy resistance. The
emergence of long non-coding RNAs (IncRNAs)
bring us a novel way to research in the tumor
cell drug resistance. In 2002, IncRNAs were
discovered via large-scale sequencing of full-
length cDNA libraries in the mouse [7]. Since
2007, a large number of tumor-associated
IncRNAs were found, setting off a wave of
IncRNA studies. Except for about 2% protein-
coding genes, the vast majority of the human
genomes are non-coding RNAs (ncRNAs), such
as microRNAs (miRNAs, 21-25 nt), smallinter-
fering RNAs (siRNAs, 21-25 nt) and piwi-associ-
ated RNAs (piRNAs, 24-33 nt) were elucidated
first, and then IncRNAs were reported more
recently [8-10]. LncRNAs are transcribed from
intergenic and intronic regions in human
genome by RNA polymerase Il (RNA P II), which
lengths from 200 nt to ~100 kilobases (kb)
lacking significant proteincoding open reading
frames (ORFs) [11] and their biological func-
tions have been reported, for instance, DNA
damage repair, epigenetic control, transcription
regulation, pre and post-translational regula-
tion, cell cycle, survival, migration, metabolism
and differentiation control and even governing
the apoptosis process [10, 12]. Deregulation of
IncRNAs has been proposed to be associated
with pancreatic cancer, such as HOTAIR, MEG3,
H19, MALAT1 and GAS5 [13-17]. However,
IncRNA research just at the starting stage,
study on IncRNA and its function and regulation
mechanism are just the tip of the iceberg,
research on IncRNA in the tumor cell drug resis-
tance of it is seldom reported. The aim of this
work was to explore the expression profile of
IncRNAs and mRNAs in gemcitabine-resistant
SW1990/GZ cells compared with that in paren-
tal SW1990 cells. These results may provide
novel insights of drug resistance in INncCRNA
level and potential therapeutic targets for man-
agement of gemcitabine resistance in cancer
patients [18].

Materials and methods
Cell culture

Human pancreatic cancer cell line SW1990
was purchased from the cell bank of the
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Shanghai Branch of the Chinese Academy of
Sciences. The human gemcitabine-resistant
pancreatic cancer cell line SWI990/GZ was
obtained by treating parental cell line SWI990
in vitro with increasing dosage of gemcitabine
in culture medium intermittently for ten months.
SW1990 and SW1990/GZ were cultured in
DMEM (Gibco, Breda, The Netherlands) with
10% foetal bovine serum (FBS) (Gibco)in a
humid atmosphere containing 5% CO, at 37°C.
Gemcitabine was purchased from LILLY France,
dissolved in DMSO as stocksolution at concen-
tration of 20 mM. The cells were passaged at a
ratio of 1:2~3 every 4~5 days. Cells in the loga-
rithmic phase of growth were used for all
experiments.

In vitro drug sensitivity assay

Cells in the exponential phase of growth were
seeded in 96-well plates (5 x 103 cells/well)
and incubated overnight at 37 °C. After the cells
had adhered to the plates, the cells were incu-
bated with different concentrations of gem-
citabine for 48 h at 37°C. Additionally, we
should set up not add cells only add DMEM
(control group) and inoculate cells but without
the drug (negative control). Approximately 48 h
after gemcitabine treatment, MTT (Sigma, USA)
was added to a final concentration of 5.0 mg/
ml, and the cells were incubated for 4 h at
37°C. And then, sucked out the supernatant
and added 150 yL DMSO/well, oscillated it 5
minutes. Absorbance of each well at 490 nm
(A490) was read using a spectrophotometer.
The formula for calculating cell viability is
(@absorbance of experimental group-absor-
bance of control group)/(absorbance of nega-
tive control group-absorbance of control group)
x 100%. The concentration at which each drug
produced 50% inhibition of growth (IC,) was
estimated from relative survival curves. Three
independent experiments were performed in
six duplicate wells.

RNA extraction and RNA quality control

Total RNA was extracted from the cells men-
tioned above using the Trizol reagents
(Invitrogen), rRNAwas removed from total RNA
and purified RNA was amplified and transcribed
to produce fluorescent cRNA, according to the
manufacturer’s protocol, the whole process
were on ice. RNA quantity and quality were
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Table 1. Primers sequences for IncRNAs and mRNAs

ned with using the

Gene name Forward (5’-3)

Reverse (5’-3)

Agilent DNA Microarray

RP11-58D2.1 CAGGAGAATCGCTTGAACCC
lincRNA-ZNF532 CAGTTGAAGGCGAAAAGGG
AP000221.1

ATGGAGTCTTGCTCTGTTGCC
AGATGGTTGAAAAGACCGTGAG
CTTTTAGATGTGGGATGTGGTAGG GCAGGGATTAGGGCATAGACA

Scanner (part number
G2505B).

Data analysis

CTC-338M12.5 CTCTTAGGGAGATGGAAACTGGA AGACTGGGTCTTGCTATGTTGC

CR619813 TGCGAGTCTTGCCCTTACCT CTGACCCCATGAACCATCCT Agilent Feature Extrac-
DDX6P GTGTTTGCTGACCTGGATGC CCATTGCTTTATCTGGTAGGGA tion software (version
SYT1 CAATAGCCATAGTCGCAGTCCT ~ TGTCAATCCAGTTTCAGCATCA 10.7.3.1) was used to
FAM171B CTAAAAGAAGGGGCAGACCAC  AACAGCACGAGACAGCAGACA analyze acquired array

images. Quantile nor-
ZNF331 TGTAACCACCTAAACCATCTCCG  ATAGATACGAGCGGGCTACTGC ST

malization and subse-
FAM187B GGGGTTCTACTTTTCCATCAGC ~ CCCTCGGGCATTATTTCCA quent data processing
CYP1A1 GATGAGAACGCCAATGTCCA TGGGGTTCATCACCAAATACA were performed with
HIST1H2BL CAGAAGAAGGATGGCAAGAAGC  GAAGATGTCGTTGACGAAGGAGT GX v11.5.1 software
TOMM40L TGGGAAAGTAGGGCTGAAGG  GAAGCACAGAAGATGGGAAGG package (Agilent Tech-
SPP1 TAAATTCTGGGAGGGCTTGG GTAGTGAGTTTTCCTTGGTCGG nologies). After quan-
B-actin TAGTTGCGTTACACCCTTTCTTG ~ TCACCTTCACCGTTCCAGTTT tile  normalization of

measured by NanoDrop ND-1000 and RNA
integrity was assessed by standard denaturing
agarose gel electrophoresis. Isolated RNAs
were stored at -70°C prior to IncRNAs arrays
analysis and Quantitative real-time PCR.

RNA labeling and array hybridization

Sample labeling and array hybridization were
performed according to the Agilent One-Color
Microarray-Based Gene Expression Analysis
protocol (Agilent Technology) with minor modifi-
cations. Briefly, mRNA was purified from 1 pg
total RNA after removal of rRNA (MRNA-ONLY™
Eukaryotic mRNA Isolation Kit, Epicentre).
Then, each sample was amplified and tran-
scribed into fluorescent cRNA along the entire
length of the transcripts without 3’ bias utilizing
a random priming method. The labeled cRNAs
were purified by RNAeasy Mini Kit (Qiagen). The
concentration and specific activity of the
labeled cRNAs (pmol Cy3/ug cRNA) were mea-
sured by NanoDrop ND-1000. 1 pg of each
labeled cRNA was fragmented by adding 11 pl
10 x Blocking Agent and 2.2 pl of 25 x
Fragmentation Buffer, then heated the mixture
at 60°C for 30 min, finally 55 pl 2 x GE
Hybridization buffer was added to dilute the
labeled cRNA. 100 pl of hybridization solution
was dispensed into the gasket slide and assem-
bled to the LncRNA expression microarray slide.
The slides were incubated for 17 hours at 65°C
in an Agilent Hybridization Oven. The hybri-
dized arrays were washed, fixed and scan-
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the raw data, LncRNAs
and mMRNAs that at
least 1 out of 2 samples have flags in Present
or Marginal (“All Targets Value”) were chosen
for further data analysis. Differentially
expressed LncRNAs and mRNAs were identi-
fied through Fold Change filtering. Hierarchical
Clustering was performed using the Agilent
GeneSpring GX software (version 11.5.1). GO
analysis and Pathway analysis were performed
in the standard enrichment computation
method.

Quantitative real-time PCR analysis of IncRNA
and mRNA

The expression of IncRNA and mRNA was
detected by gRT-PCR. Total RNA was extracted
from the cells mentioned above using the Trizol
reagents (Invitrogen, CA). Briefy, cDNAs were
synthesized from total RNA using the First
Stand cDNA Synthesis kit (Fermentas Life
Science, Burling, ON, Canada). Primers for six
IncRNAs and nine mRNAs were designed and
synthesized (Table 1). B-actin was used as an
internal control. Reactions were incubated for 5
mins at 37°C, 60 mins at 42°C, 10 mins at
70°C, and then stored at -20°C. Quantitative
PCR was then performed by using SYBR Green
PCR Master Mix (ABI) in Stepone plus realtime
PCR detection system (ABI). The reactions were
incubated at 95°C for 3 min, followed by 40
cycles at 95°C for 15 s and at 60°C for 40 s. All
reactions were run in triplicate. Relative quanti-
tation of IncRNAs and mRNAs expression levels
was analyzed by the 2229 methods.

Int J Clin Exp Pathol 2015;8(1):38-52
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Figure 1. Inhibition rate of SW1990 and SW1990/GZ cells. A. SW1990 cells were treated in various doses of gem-
citabine (0.05, 0.25, 0.75, 2.25, 6.75, 33.75 and 168.75 umol/L) for 48 h. B. SW1990/GZ cells were treated in
various doses of gemcitabine (GZ) (25, 50, 100, 200, 400, 800, 1600 umol/L) for 48 h. Cells viability was deter-

mined using MTT assay.

Statistical analysis

The GraphPad Prism 5.0 (GraphPad Software,
Lalolla, CA) was used for statistical analysis.
Data are expressed as the means + SD. For a
single comparison of 2 groups, Student’s t test
was used. Differences were considered statisti-
cally significant at P < 0.05. *P < 0.05, **P <
0.01 and ***P < 0.001.

Results
The drug-resistance index of SW1990,/GZ

The gemcitabine-resistance of SW1990/GZ
cell line was identified by evaluating the IC, -
value of SW1990 against parental SWI990 cell
line. As showed in Figure 1, the IC,, of gem-
citabine for the drug-resistant SW1990/GZ cell
line was 230.46 + 5.31 pmol/L which was 76.1
times higher than that of parental cell line
SWI990 (3.03 + 0.27 umol/L). Therefore, the
drug-resistance index of SWI990/GZ cells rela-
tive to the parental SW1990 cells was 76.1
(**P < 0.01). This result demonstrated that the
cells SW1990/GZ were more resistant to gem-
citabine than the parental cells.

RNA quality control (QC)

RNA Quantification and Quality were assured by
the NanoDrop ND-1000, for spectrophotome-
ter, the 0.D. A260 /A280 ratios of the total RNA
between 1.8 and 2.1. The 0.D. A260/A230
ratios of the total RNA should be more than
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1.8. The integrity of RNA can be assessed by
electrophoresis on a denaturing agarose gel.
The 28 S and 18 S ribosomal RNA bands should
be fairly sharp, intense bands. The 28 s rRNA
band should be about twice as intense as the
18 s rRNA band. Therefore, the RNA samples
are qualified, they can be used in the next
experiment.

Microarray hybridization data

Arraystar Human LncRNA Microarray v2.0 is
designed for the global profiling of human
IncRNAs and protein-coding transcripts.
33,045 IncRNAs and 30,215 coding transcripts
can be detected by the second-generation
IncRNA microarray. After the quantile normal-
ization and data filtering steps, 13310 (40.3%)
IncRNAs and 13886 (45.0%) mRNAs were iden-
tified from the SW1990 cells and the SW1990/
GZ cells for fold-change comparison. The heat
map of the hierarchical clustering results was
performed to show the distinguishable IncRNAs
and mRNAs expression profiling between the
two groups (Figure 2A and 2B). The scatterplot
results showed that the distribution and expres-
sion variation of the log 2 ratios of IncRNAs and
MRNAs between the two groups were nearly
the same (Figure 2C and 2D).

Aberrantly expressed mRNA and IncRNA
profiles

We screened the gene expression patterns in
the SW1990 cells and the SW1990/GZ cells

Int J Clin Exp Pathol 2015;8(1):38-52
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Figure 2. IncRNAs and mRNAs expression profile comparison between the SW1990 cells and the SW1990/GZ cells.
(A) The hierarchical clustering of all targets value IncRNAs and (B) mMRNAs showed a distinguishable IncRNA and
mMRNA expression profiling among samples. (C) The scatter-plot was used for assessing the IncRNA and (D) mRNA
expression variation between the SW1990 cells and the SW1990/GZ cells. The values of x-axis and y-axis in the
scatter-plot were the normalized signal values of each sample (log 2 scaled). The green lines are fold change lines
(the default fold change value given is 2.0). The IncRNAs above the top green line and below the bottom green line
indicated > 2.0-fold change in expression of INcCRNAs between the 2 compared samples ‘Red’ denotes high relative
expression levels, and ‘blue’ denotes low relative expression levels.

with the human microarray method. We found
that 4983 of 13310 detected IncRNAs demon-
strated > 2-fold differential expression with
1993 IncRNAs showing up-regulated and 2990
IncRNAs showing down-regulated. At the same
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time, 4759 mRNAs displayed beyond a 2-fold
differential expression in SW1990/GZ cells
when compared to SW1990 cells, 2671 mRNAs
were up-regulated while 2088 mRNAs were
down-regulated. Significantly and dominant dif-

Int J Clin Exp Pathol 2015;8(1):38-52
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Table 2. Differentially expressed long non-coding RNAs in SW1990/

GZ [fold change (log 2) > 5]

Pathway analysis and go
analysis of the differentially
expressed mRNAs

Sequence Name Gene Symbol Chr (+/-) Fold change UP/down
ENSTO0000472323  RP11-58D2.1  chr3 (+) 6.08 Up Pathway analysis was used
AK128058 lincRNA-ZNF532 chri8 (+) 6.02 Up . R

to identify significant path-
BC036409 / chr7 () 5.86 Up ways for the differential ge-
ENST00000419190 RP11-465N4.4  chrl (-) 5.75 Up nes according to the Kyoto
ENST00000419694  AP000221.1  chr21 (-) 5.74 Up Encyclopedia of Genes and
ENSTO0000449714  AC144449.1 chr2 (+) 5.28 Up Genomes, Biocarta and Rea-
uc002iyl.2 AF086204 chri7 () 5.23 Up tome databases [20]. We
ENST00000414485 RP11-169017.1 chri3 (+) 5.21 Up identified a total of 40 path-
ENSTO0000443851 RP13-824C8.2  chrX () 5.20 Up ways that showed signifi-
ENSTO0000514487 CTC-338M12.5  chr5 (+) 7.04 Down cant differences due to dif-
uc010meg.2 CR619813  chr8(+)  -5.93 Down ferential gene expression.
ENST00000441966 DDX6P chr6 () -5.51 Down The upregulated genes were
uc.255+ uc.255 chr9 (+) -5.39 Down !nvolved in 19 pathways wh-

ile downregulated genes we-
ENST00000457739 RP11-264P13.2  chrX () -5.39 Down re involved in 21 pathways.
ENST00000430203 CFLP3 chri (-) -5.38 Down The predominant pathways
ENSTO0000512634 RP11-87F15.2  chr4 (-) 5.31 Down were shown in Figure 4A
ENST00000514084 OR5H7P chr3 (+) -5.27 Down and 4B. The top 3 upregu-
BCO63868 / chrb (+) -5.25 Down lated pathways were Lyso-
ENSTO0000511385 RP11-138B4.1  chr4 (-) -5.16 Down some, Toll-like receptor sig-
ENST00000505494 RP11-61G19.1  chré (+) 511 Down naling pathway, and Epith-
ENST00000514420 RP11-453E17.3  chrd (-) -5.03 Down elial cell signaling in Helic-

ferentially expressed (fold change (log 2) > 5.0
or <-5.0) IncRNAs and mRNAs (the top deregu-
lated species could be found in Tables 2 and 3)
were listed.

It has been reported in the article that chromo-
somal imbalances associated with drug resis-
tance and thermoresistance are mainly distrib-
uted in chromosomes 1, 2,4, 6, 7,9, 10, 13, 14
and 15 in human pancreatic carcinoma cells
[19]. In this study, aberrantly expressed
IncRNAs and mRNAs were found to be prone to
be located on chromosomes 1, 2, 3, 5, 6, 7, 9,
10, 11 and 17, especially on chromosome 1
(Figure 3A-C). Downregulation was found to be
more common than upregulation in IncRNA
expression profile, and the mRNA expression
profile is converse (Figure 3A, 3B). Different
locational distribution patterns were discov-
ered in the light of the total number of upregu-
lated and downregulated IncRNA and mRNA
species (Figure 3C). Noncoding and coding
RNAs pointed different ratios of upregulated
species and downregulated species (Figure
3D).
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obacter pylori infection. The
top 3 downregulated path-
ways were Homologous recombination, DNA
replication and beta-Alanine metabolism. They
also contributed to occurrence and develop-
ment of some human diseases, such as pan-
creatic cancer, small cell lung cancer, bladder
cancer, chronic myeloid leukemia and non-
small cell lung cancer.

GO analysis was applied to analyze the main
function of the closest coding genes according
to the GO database which provides the key
functional classifications for the National
Center for Biotechnology Information (NCBI)
[21]. The GO categories were comprised of 3
structured networks: biological processes, cel-
lular components and molecular function [22].
In our survey of existing data, the differentially
expressed genes were mainly enriched for GO
terms related to regulation of transcription, pro-
tein localization, cell cycle and phosphate met-
abolic process involved in biological processes,
and cation binding, metal ion binding, purine
nucleoside binding and ribonucleotide binding
linked with molecular functions, as well as
membrane-enclosed lumen, organelle lumen,

Int J Clin Exp Pathol 2015;8(1):38-52
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Table 3. Differentially expressed protein-coding RNAs inSW1990/GZ [fold change (log 2) > 5]
GeneSymbol Fold change UP/down Description

SYT1 7.19 up Synaptotagmin |

FAM171B 5.80 up Family with sequence similarity 171, member B

ZNF331 5.78 uP Zinc finger protein 331

FAM187B 5.63 Up Family with sequence similarity 187, member B

CYP1A1 5.43 Up Cytochrome P450, family 1, subfamily A, polypeptide 1

OAS2 5.37 Up 2'-5'-oligoadenylate synthetase 2, 69/71 kDa

PRR15L 5.36 Up Proline rich 15-like

C100rf105 5.35 Up Chromosome 10 open reading frame 105

IFI6 5.23 Up Interferon, alpha-inducible protein 6

HIST1H4E 5.22 uP Histone cluster 1, H4e

NOL4 5.13 upP Nucleolar protein 4

C3AR1 5.12 Up Complement component 3a receptor 1

C9orf150 511 Up Chromosome 9 open reading frame 150

CXCR2 5.08 Up Chemokine (C-X-C motif) receptor 2

RAB2B 5.04 Up RAB2B, member RAS oncogene family

SRXN1 -6.84 Down  Sulfiredoxin 1

HIST1H2BL -5.38 Down  Histone cluster 1, H2bl

TOMM40L -5.21 Down  Translocase of outer mitochondrial membrane 40 homolog (yeast)-like
SPP1 -5.19 Down  Secreted phosphoprotein 1

KRT6B -5.05 Down  Keratin 6B
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Figure 3. Distribution of significantly expressed INCRNA and mRNA expression profiles. Location distributions of ab-
errantly expressed (A) IncRNA and (B) mRNA profiles on human chromosomes. The number of deregulated species,
including detailed upregulated and downregulated INcRNAs and mRNAs. “chr”: chromosome; “chrM”: mitochondrial
chromosome. (C) Distribution of total deregulated IncRNAs and mRNAs. (D) Distribution of upregulated and down-
regulated species.

non-membrane-bounded organelle and intra- ponents. The significance of GO term (Top ten)
cellular organelle lumen binding in cellular com- were shown (Figure 5).
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A Significant pathway of upregulated genes

Lysosome

Toll-like receptor signaling pathway

Epithelial cell signaling in Helicobacter pylori infection
Small cell lung cancer

Cytosolic DNA-sensing pathway

Chronic myeloid leukemia

NOD-like receptor signaling pathway

Complement and coagulation cascades

RIG-I-like receptor signaling pathway

Pancreatic cancer

0 1 2 3
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B Significant pathway of downregulated genes

Homologous recombination
DNA replication

heta-Alanine metabolism
Propanoate metabolism
Bladder cancer

Butanoate metabolism
Nucleotide excision repair
Non-small cell lung cancer
Glycolysis / Gluconeogenesis
p53 sighaling pathway

0 1 2 3 4
Enrichment score (-loglO(P value))

Figure 4. Analysis of significant pathways .The figure shows the top 10 significant pathways of downregulated and
upregulated genes. The P-value (Fisher-P value) denotes the significance of the Pathway correlated to the condi-
tions. Lower the P-value, more significant is the Pathway (The recommend P-value cut-off is 0.05).

Validation of the microarray data using qPCR

Six IncRNAs (RP11-58D2.1, lincRNA-ZNF532,
AP000221.1, CTC-338M12.5, CR619813, DD-
X6P) were selected to validate the microarray
consistency by using qPCR. The results demon-
strated that RP11-58D2.1, lincRNA-ZNF532
and AP000221.1 were upregulated and that
CTC-338M12.5, DDX6P and CR619813 were
downregulated in the SW1990/GZ cells com-
pared with SW1990 cells (Figure 6). For mRNA,
SYT1, FAM171B, ZNF331, FAM187B and
CYP1A1 were upregulated and that SRXN1,
HIST1H2BL, TOMMA40L and SPP1 were down-
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regulated in the SW1990/GZ cells compared
with SW1990 cells (Figure 7). The qRT-PCR
results are consistent with microarray data.

The regulation of gemcitabine on the expres-
sion of lincRNA-ZNF53 and DDX6P

In order to investigate how gemcitabine regu-
late the expression of lincRNA-ZNF53 and
DDX6P, we determined the level of lincRNA-
ZNF53 and DDX6P in SW1990 cells when treat-
ed by gemcitabine at different concentration
and different time using quantitative real time
PCR. We found that the relative level of lincRNA-
ZNF53 was gradually increasing with the expo-

Int J Clin Exp Pathol 2015;8(1):38-52
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Figure 6. qRT-PCR results show diferential INncRNA expression levels in SW1990 cells and SW1990/GZ cells. The
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**pP < 0.01).

sure time to gemcitabine in SW1990 cells
(Figure 8A). Meanwhile, all of treatment by
gemcitabine at a range from 1.0 uM to 16.0 uM
induced a increase of IlincCRNA-ZNF53 in
SW1990 cells (Figure 8B). However, the rela-
tive level of DDX6P is opposite to that of lin-
CcRNA-ZNF53 in the same circumstances
(Figure 8C and 8D).

Discussion

Drug resistance includes intrinsic and acquired.
Intrinsic resistance occurs without prior expo-
sure, while acquired resistance develops during
treatment in the absence of initial sensitivity
[23]. Although gemcitabine is a widely used
drug for treating advanced pancreatic cancers,
acquired gemcitabine resistance in a substan-
tial number of patients appears to hinder its
effectiveness in successful treatment of this
dreadful disease [24]. The resistance of tumor
cells to cytotoxic drugs is the major cause of
failure of chemotherapy [25]. Thus, drug resis-
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tance of tumor cells has been the theme of
intense study and has made surprising prog-
ress in the past few decades. Previous studies
have indicated a variety of mechanisms of drug
resistance in pancreatic cancer, including
tumor microenvironment, aberrant gene ex-
pression, mutations, miRNAs (such as miR-21,
miR-10b and miR-34b), deregulation of key sig-
naling pathways (such as Akt, NF-kB and apop-
tosis pathways), DNA hypermethylation (such
as TMS1 and DKK3), epithelial-mesenchymal
transition (EMT), heat-shock protein 27 (HSP-
27) and the presence of stroma cells, highly
resistant cells and cancer stem cells(CSCs)
[26-30].

What's more, evidence is beginning to demon-
strate that IncRNAs also plays a significant role
in chemotherapy sensitivity. Yang et al. [31]
found that IncRNAs are differently expressed
between Lung adenocarcinoma cells A549 and
A549/CDDP cells, many of which could regulate
cisplatin resistance via different ways. And

Int J Clin Exp Pathol 2015;8(1):38-52
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Figure 7. qRT-PCR results show diferential mRNA expression levels in SW1990 cells and SW1990/GZ cells. The ex-
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cells and SW1990/GZ cells were measured by qRT-PCR. Expression levels were normalized for B-actin. Data are
expressed as the means + SD (n = 6). Differences were considered statistically significant at P < 0.05 (*P < 0.05,

**P < 0.01).

INRNA-AK126698 was found to confer cisplatin
resistance by targeting the Wnt signaling path-
way. Cui J et al [32] concluded that the dysregu-
lation of Wnt/B-catenin signaling pathway is
also involved in pancreatic cancer chemoresis-
tance. Min Jiang et al [33] showed that a novel
INcCRNA-ARA, ARA expression is significantly
associated with adriamycin sensitivity in a
panel of liver and breast cancer cell lines and is
markedly up-regulated in parental sensitive
HepG2 and MCF-7 cell lines after receiving adri-
amycin treatment. Liu et al [6] showed that
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HOTAIR (a long intervening non-coding RNA, lin-
cRNA) expression was significantly upregulated
in cisplatin-resistant A549/DDP cells com-
pared with in parental A549 cells. Additionally,
they demonstrated that upregulation of HOTAIR
contributes to the cisplatin resistance of Lung
adenocarcinoma cells, through the regulation
of p21 expression. Kim et al [34] used RNA
interference showed that HOTAIR was associ-
ated with enhanced cell proliferation, cell inva-
sion, modulation of cell cycle progression, and
induction of apoptosis in Pancl and L3.6pL

Int J Clin Exp Pathol 2015;8(1):38-52
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pancreatic cancer cells. Similarly, Fan Y et al
[35] found that cisplatin-based chemotherapy
results in up-regulation of IncRNA-UCA1 (uro-
thelial cancer-associated 1) expression in
patients with bladder cancer, finally they dem-
onstrate that UCA1l increases the cisplatin
resistance of bladder cancer cells by enhanc-
ing the expression of Wnt6. However, the cor-
relations between IncRNAs and pancreatic can-
cer chemoresistance are rarely reported, and
need to be more clearly elucidated before
these therapeutic strategies can be fully devel-
oped and undergo clinical assessment [6]. In
order to discover the new molecular mecha-
nisms of resistance to gemcitabine, we gener-
ated a gemcitabine-resistant pancreatic can-
cer cell line using stepwise selection, as a
cellular model to study drug-resistance in pan-
creatic cancer, and we used high-throughput
microarrays technologies found that IncRNA
expression profiles are different between the
SW1990 cells and the SW1990/GZ cells.
Further studies revealed that the upregulating
of gemcitabine on the expression of lincRNA-
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ZNF532 was time-dependent. Gemcitabine at
a range from 1.0 uyM to 16.0 yM induced a
increase of lincRNA-ZNF532 in SW1990 cells.
The relative level of DDX6P is opposite to that
of lincRNA-ZNF53 in the same circumstance.
This two IncRNAs have not been previously
reported in the literature, so their regulation
mechanism and function is not clear. Further
studies, including over expression and knock-
down of IncRNA and western blotting analyses,
their expression changes in clinical pancreatic
cancer tissues, is required.

Simultaneously, a total of 4759 mRNAs was
identified as differentially expressed tran-
scripts between SW1990 cells and SW1990/
GZ cells. Expression of SYT1, FAM171B, ZN-
F331, FAM187B, CYP1A1, SRXN1, HIST1H2BL,
TOMM40L and SPP1 was the most greatly
altered in gemcitabine-resistant pancreatic
cancer cell line, which was also confirmed with
gRT-PCR. The former five genes were up-regu-
lated, while the latter four genes were down-
regulated. Within the nine genes, CYP1A1 is
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intriguing. qRT-PCR showed the level of CYP1A1
in SW1990/GZ cells was up-regulated nearly to
40 fold compared to its parental pancreatic
cancer cell line SW1990. CYP1A1 in human
measures 2608 nucleotides in length, one of
P450 family members, encoding aromatic
hydrocarbon hydroxylase and is involved in the
metabolic activation of benzopyrene-catalyzed
7, 8-dihydroxy-9, 10-epoxy P(a)B [36]. Xu [37] et
al demonstrate that CYP1A1 is involved in DII1-
induced bortezomib resistance in multiple
myeloma cells. Li [36] et al discovered that
CYP1A1 genes are associated with chemother-
apy response in non-small-cell lung cancer
patients. Thus, it indicates that CYP1A1 might
be potential markers for gemcitabine sensitivi-
ty in pancreatic cancer.

To identify the important factors that regulated
drug-resistance,we used bioinformatics analy-
ses to classify the microarray data. The KEGG
pathway of the commonly dysregulated genes
provided us with substantial information about
drug-resistance. KEGG annotation showed that
19 pathways corresponded to upregulated
transcripts and 21 pathways corresponded to
downregulated transcripts in our study. It
showed that many important pathways such as
cell cycle, MAPK signaling pathway, p53 signal-
ing pathway, Gap junction, Glycolysis/Gluco-
neogenesis, cytokine-cytokine receptor inter-
action ,Toll-like receptor signaling pathway, Jak-
STAT signaling pathway and RIG-I-like receptor
signaling pathway. Some of these pathways
have previously been reported correlated with
gemcitabine sensitivity in other cell lines. Bu
[38] et al discovered that oridonin can potenti-
ate the effects of gemcitabine in PaCa cell
through the mitogen-activated protein kinase
(MAPK)-p38 signaling pathway, which is depen-
dent on p53 activation. Chang [39] et al had
reported extracellular signal-regulated kinase
(ERK) activation and Akt inactivation mediated
gemcitabine-induced apoptosis independently
of p53 pathway in human NSCLC H1299 cells.
And many other pathways such as nucleotide
excision repair, apoptosis, DNA replication had
also been proved to play important roles in the
mechanism of gemcitabine resistance in
diverse cancer cell lines [40-42].

Based on the previous drug-resistance studies,
our work may provide novel angle to explain the
molecular mechanism of pancreatic cancer
chemotherapy resistance. However, our results
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were only based on an in vitro cell line model, it
needs more proofs set for further confirmation,
which indicates clinical sample and in vivo vali-
dation is warranted in the future.

Conclusion

Taken together, drug-resistance of pancreatic
cancer is a multifactorial and complicated pro-
cess. In the present study, numerous dysregu-
lated IncRNAs and mRNAs were obtained by
comparing the IncRNA and mRNA expression
profiles of the drug resistant cell line with its
parental cell line, many of which may play a key
role in regulating gemcitabine resistance
through various mechanisms, we will spare no
effort to explore it in future research. The dys-
regulated IncRNAs and mRNAs identified in this
work may represent good candidates for future
diagnostic or prognostic biomarkers and thera-
peutic targets. LncRNA which is potentially a
novel type of predictive biomarker can identify
subgroups of patients who can benefit from
chemotherapy. Furthermore, IncRNA will pro-
vide treatment guidance with great signifi-
cance.
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