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Abstract: Resistance to Gemcitabine (GEM) is a crucial problem in treatment of pancreatic cancer. Many studies
indicate the direct impact of glycolytic enzyme on chemoresistance. However, it still has not been known whether
Enolase 1 (ENO1), a multifunctional glycolytic enzyme, is a potential target to overcome GEM resistance in pancre-
atic ductal adenocarcinoma (PDAC). In this study, we showed that ENO1 high expression was associated with poor
prognosis of PDAC patients. Moreover, we investigated the impacts of ENO1 silencing on hypoxia induced GEM
chemoresistance in CFPAC-1 and MiaPaCa-2 cells. The results showed that, targeting ENO1 using ENO1-shRNA
could sensitize hypoxia induced chemoresistance in pancreatic cancer cells by modulation of redox homeostasis,
the mechanisms appear to be associated with influences on proliferation, apoptosis, and cell cycle regulated by
increased intracellular reactive oxygen species (ROS). We demonstrated that targeting ENO1 could be a potential
strategy for overcoming hypoxia induced GEM chemoresistance in PDAC cells.
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Introduction chemoresistance [5-7]. Tumor cells exposured
to hypoxia demonstrate increased levels of gly-
colysis, which are associated with increased
levels of glycolytic enzyme activity. It has been
described that some glucose enzymes have
correlation with hypoxia induced drug resis-
tance in cancer [8-10], such as hexokinase Il
[11], pyruvate kinase M1 (PKM1) and pyruvate
kinase M2 (PKM2) [12-14].

Pancreatic ductal adenocarcinoma (PDAC) has
increased rapidly in recent years and became
one of the most fatal forms of human cancer
with under overall 5% five-year survival rate for
all stages [1, 2]. This poor prognosis mainly
relates to the hard early diagnosis, and refrac-
tory to all treatment methods including chemo-
therapy [3]. Gemcitabine (GEM) is a nucleoside

analog of deoxycytidine that has been used as Enolase 1 (ENO1), also known as pyruvate de-

a chemotherapeutic agent since its approval in
1996. It is now used as the standard first line
treatment choice for PDAC chemotherapy. Ho-
wever, as a hallmark of PDAC, GEM resistance
fails to improve survival rate in treated patients.
Deciphering GEM resistance mechanisms and
suggesting innovative strategies aimed to over-
come GEM resistance may increase the effica-
cy of chemotherapy [4].

Most tumor cells are subjected to hypoxia mi-
croenvironment, which contributes to tumor

hydrogenase 1, is a multifunctional glycolytic
enzyme with upregulated expression at the
mRNA and/or protein level in PDAC cell lines
and tissues, which involved in the tumorigene-
sis, invasion and metastasis of PDAC [15-17].
Furthermore, proteomics analysis revealed that
ENO1 is upregulated in many different drug-
resistant cancer cells, such as docetaxel-resis-
tant advanced nasopharyngeal carcinoma cells
[18], cisplatin-resistant head and neck squa-
mous cell carcinoma cells [19] and doxorubicin-
resistant myelogenous leukemia cells [20]. EN-
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Ol is also involved in the process of cell adhe-
sion mediated drug resistance of Non-Hodgkin’s
lymphoma [21] and tamoxifen resistance of
breast cancer [22]. Taken together, these re-
sults suggest that ENO1 should be a potential
target to overcome drug resistance in cancer.

Therefore, in the present study, we investigated
whether inhibition of ENO1 expression through
short-hairpin RNAs (shRNAs) would promote
Gem chemosensitivity in PDAC cells in hypoxia
conditions, our results demonstrated that EN-
01 silencing could effectively improve the sup-
pression of cell growth and induce cell apopto-
sis by Gem, we also observed that ENO1 silenc-
ing had impact on cellular redox homeostasis
by improving intracellular ROS concentration.
These results suggested that targeting ENO1
could be a potential strategy for overcoming
Gem chemoresistance in PDAC.

Material and methods
Immunohistochemistry (IHC) staining

Tissue microarray (Shanghai Outdo Biotech Co.
Ltd, HPan-Ade120Sur-01) was used for IHC
staining, containing 57 pairs of human PDAC
and adjacent non-cancer tissues, 6 human
PDAC tissues. All cases were staged according
to the seventh edition of the pancreatic cancer
TNM staging system of the American Asso-
ciation of Cancer [23], including 5 stage |, 45
stage I, 4 stage IV and 9 without stages. This
study was approved by the Ethics Committee of
Shanghai Ninth People’s Hospital, Shanghai
Jiaotong University School of Medicine.

IHC staining of the tissue microarray was per-
formed according to the previous reported pro-
tocols [24]. IHC staining was graded by one
blinded observer with two semiquantitative
measurements: staining intensity (0-4) and
percentage of stained cells (0= no staining, 1=
less than 25%, 2=25%-50%, 3=50%-75%, and
4=75%-100%). A combined IHC score was cal-
culated as the product of staining intensity and
percentage of stained cells. Low expression
was defined as a score 0-4 while high expres-
sion at score 6-16.

Cell lines and cell culture

The human pancreatic cancer cell lines CFPAC-
1 and MiaPaCa-2 cells were obtained from
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American Type Culture Collection (ATCC). Mia-
PaCa-2 cells were grown in Dulbecco’s Modified
EagleMedium (DMEM; Hyclone,Massachusetts,
USA), and CFPAC-1 cells were grown in RPMI-
1640 medium (Hyclone, Massachusetts, USA),
both supplemented with 10% fetal bovine
serum (FBS; Gibcol, New York, USA), and 0.01%
penicillin-streptomycin. Both cells were main-
tained in a humidified tissue culture incubator
at 37°C with 21% O, and 5% CO,,. Hypoxia con-
ditions were simulated in a SCI-TIVE N-N hypox-
ia workstation (Baker Ruskinn) at 1% O, and 5%
CO,,.
Transfection of shRNAs

ShRNAs (TRCNO0O00029324) targeting the hu-
man ENO1 mRNA obtained from the human
library MISSION® TRCHs 1.0 were purchased
from Sigma-Aldrich (SHCLNG NM_001428) (St.
Louis, MO, USA) with the targeted sequence
5’-CCGGCGTACCGCTTCCTTAGAACTTCTCGA-
GAAGTTCTAAGGAAGCGGTACGTTTTT-3'. MiaPa-
Ca-2 and CFPAC-1 cells grown to 80-90% con-
fluency were transiently transfected with EN-
01-shRNA for 24 hours. The control shRNA (SH-
C002, Sigma) generates a scrambled shRNA
sequence that does not target any known
human gene. The efficiency of transfection was
evaluated by quantitative realtime PCR and
western blot analysis in transiently transfected
cells after 24 hours.

Real-time PCR analysis

Total RNA was extracted from MiaPaCa-2 and
CFPAC-1 cells using Trizol (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s in-
structions. Reverse transcription was perfor-
med using PrimeScript™ RT reagent Kit (Taka-
ra, Dalian, China) for 15 min at 37°C, followed
by 5 s at 85°C, and 60 min at 4°C. Real-time
polymerase chain reaction (PCR) was perfor-
med using SYBR premix Ex as the tag (Takara,
Dalian, China) according to the manufacturer’s
instructions on an ABI PRISM 7500 (Applied
Biosystems, Foster City, CA, USA). After PCR, 5
pl of PCR products were run on a 1% agarose
gel and evaluated by relative pixel densitome-
try. The abundance of transcript was expressed
relative to the control of glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH).

The sequences of primers used were: ENO1:
Forward: 5-TTGGCAGAAGTTCACAGCCA-3’, Re-
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verse: 5-CTGAAGAGACTCGGTCACGG-3’; GAP-
DH: Forward: 5-TGACTTCAACAGCGACACCCA-3’,
Reverse: 5'-CACCCTGTTGCTGTAGCCAAA-3'.

Western blot

Cells were subjected for protein isolation with
lysis buffer (Thermo) supplied with protease
inhibitor. 20 pg total protein was separated by
SDS-PAGE experiment, followed by transferring
to nitrocellulose filter (NC) membranes (Milli-
pore) using a semi-dry transfer system (Bio-
Rad, Hercules, California, USA). The membr-
anes were blocked with 5% non-fat milk for
1 h, then incubated with primary antibodies
overnight at 4°C. The membranes were incu-
bated with horseradish peroxidase-linked sec-
ondary antibodies (Santa Cruz Biotechnology)
for 1 h at room temperature. Blots were detect-
ed with ECL reagents (Millipore) and exposed to
chemiluminescent imaging system for 5 min.
Quantitative analysis was carried out with
image analysis software Quantity One (Bio-
Rad). Primary antibodies against ENO1 (ab-
155955) were purchased from Abcam (Cam-
bridge, MA, USA).

Cell proliferation assays

Cell proliferation was monitored by analyzing
relative survival cell number with CCK-8 Cell
Proliferation/Viability Assay Kit (Sigma) in ac-
cording to the guidelines. To evaluate the effec-
tiveness of ENO1 silencing with ENO1-shRNA
as an adjuvant therapy, we tested whether
short term (24 hours) treatment with ENO1-
shRNA would sensitize MiaPaCa-2 and CFPAC-1
cells to subsequent treatment with different
concentration of GEM (Eli Lilly and Co, India-
napolis, IN). After 48 hours of incubation with
GEM, IC50 was calculated. Experiments were
replicated for three times.

Drugs were added as indicated 5 groups for cell
proliferation curves: no treatment (control gro-
up), or ENO1 control-shRNA incubation (ENO1
control-shRNA group), or ENO1-shRNA incuba-
tion (ENO1-shRNA group) for 24 hours with nor-
mal condition followed by 72 hours with hypoxia
conditions. No treatment for 24 hours with nor-
mal condition followed by 72 hours treatment
with GEM (102 mol/L) with hypoxia conditions
(GEM group), and ENO1-shRNA incubation for
24 hours with normal condition followed by 72
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hours treatment with GEM (102 mol/L) with
hypoxia conditions (ENO1-shRNA+GEM group).

Cellular colony formation assays

Transduced MiaPaCa-2 and CFPAC-1 cells were
suspended in complete medium supplied with
0.45% low melting point agarose (Invitrogen).
The cells were placed in 6-well cell culture
plates containing 2 ml complete medium and
agarose (0.75%) on the bottom layer. The plates
were incubated at 37°C for treatments as
described previously with hypoxia conditions.
Two weeks later, colony numbers were obtained
by staining the cell colonies with 0.005% crys-
tal violet.

Cell apoptosis analysis

CFPAC-1 and MiaPaCa-2 cells were plated at
2x105%/ml cells/well in a six-well plate, and then
treated as described previously with hypoxia
conditions for 48 h. Cells were collected and
washed with PBS, stained using an Annexin-V-
FITC Kit (Invitrogen), and analyzed by flow
cytometry (BD Biosciences FACSCalibur). All
experiments were replicated for three times.

Cell cycle analysis

MiaPaCa-2 and CFPAC-1 cells were trypsinized
following treatments, and were spun down and
washed once with PBS. Cell pellets were resus-
pended in 10 mg/ml PI (Sigma) for 30 min in
darkness, and triturated with a 1 ml syringe
attached to a 25G needle to lyse the cells and
release intact nuclei. Nuclei were analyzed on
flow cytometry (BD Biosciences FACSCalibur).
Cell cycle and statistical analyses were per-
formed using FlowJo version 10.

Intracellular ROS measurement

Intracellular ROS was measured using the ROS
detection kit (Beyotime Company, ShangHai,
China) according to the manufacturer’s instruc-
tions. Briefly, after treatment, cells were loaded
with 10 umol/L 2,7-Dichlorodi-hydrofluorescein
diacetate (DCFH-DA) to incubate for 60 min at
37°C, cells were trypsinized and washed three
times with PBS and re-suspended in 0.5 ml
PBS. The intracellular fluorescence of DCFH
was detected (A excitation =500+15 nm, A
emission =530+20 nm) using a Synergy HT
microplate reader (Biotec Instruments).

Am J Transl Res 2019;11(7):4470-4480



ENO1 silencing impaires gemcitabine chemoresistance

A Non-Canc
R SRR
B so-
B High 5
60+ 2
2
3 H
® 40 = 0.54
8 g 0.6
20- 3
0- 0.0 . : . )
0 20 40 60 80

months

Figure 1. High ENO1 expression predicted poor prognosis in pancreatic can-
cer. A. Representative images showed the expression of enol protein in human
pdac and adjacent non-cancer tissues using ihc staining. Brown staining indi-
cated enol expression. B. Bar plots represented high enol expression in hu-
man pdac tissues (n=57). C. High expression of enol predicted shorter overall

GSH assay kit (Nanjing lJia-
ncheng bioengineering ins-
titute, Nanjing, China). Sam-
ple fluorescence was moni-
tored with an enzyme mic-
ro-plated reader (Biotec In-
struments) at 405 nm, and
GSH concentration was cal-
culated.

Statistical analysis

All the values were expre-
ssed as mean = S.D. from
at least three independent
experiments. The differen-
ce between two groups was
analyzed by the parametric
unpaired Student’s t-test.
To analyze the difference
among three or more grou-
ps, one-way ANOVA analy-
sis was implemented. The
statistical analysis was per-
formed by GraphPad Prism
6 and p values less than

survival (os) of pdac patients, ***P<0.001.

Nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase activity

Cell NADPH oxidase activity was carried out by
a quantitative colourimetry detection kit (GE-
NMED, Shanghai), and measured using an en-
zyme micro-plated reader (Biotec Instruments)
at 550 nm according to the manufacturer’s
instructions. The specific NADPH oxidase activ-
ity was calculated by the total activity minus the
non-specific activity.

NADP/NADPH ratio

The intracellular NADP/NADPH ratio was de-
tected by NADP/NADPH quantification colori-
metric kit (Biovision Incorporated, USA), assays
were performed following the kit protocol.
NADP/NADPH ratio was calculated after moni-
toring the absorbance at 450 nm with an
enzyme micro-plated reader (Biotec Instru-
ments).

Reduced glutathione (GSH) levels

After treatments, the supernatant of cells were
collected and measured by colorimetric meth-
od following the manufacturer’s instructions of
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0.05 are considered signifi-
cant.

Results

ENO1 high expression was associated with
poor prognosis of PDAC patients

Our IHC staining results showed that the ENO1
expression level was related to the prognosis of
PDAC patients. ENO1 expression was up-regu-
lated in human PCAC tissues, ENO1 high ex-
pression rate was 77.2% (44/57) in human
PDAC tissues but 31.6% (18/57) in adjacent
non-cancer tissues (Figure 1A, 1B). Moreover,
high expression of ENO1 predicted shorter
overall survival (OS). The median survival time
of high ENO1 expression PDAC patients was 8
months (95% Confidence Interval (Cl) of ratio:
0.1557 to 0.4567), in contrast, the median sur-
vival time of low ENO1 expression PDAC pa-
tients was 30 months (95% CI of ratio: 2.19 to
6.422) (P<0.001, Figure 1C).

ENO1 inhibition by ENO1-shRNA in pancreatic
cancer cell lines

Compared with the blank group after transfec-
tion of 48 hours, both ENO1-shRNA transfected
MiaPaCa-2 and CFPAC-1 cells showed signifi-
cantly reduced ENO1 mRNA expression (P<
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0.01, Figure not shown), and also significantly
reduced relative ENO1 protein expression (P<
0.001, Figure not shown). No inhibition of ENO1
MRNA or protein expression were detected in
control shRNA group.

ENO1 silencing impaired on cell proliferation
to enhance GEM chemosensitivity of pancre-
atic cancer cell lines

To investigate whether ENO1 contributed to cell
proliferation and hypoxia induced drug resis-
tance in human pancreatic cancer cells, we
evaluated the effectiveness of ENO1 silencing
as an adjuvant therapy in MiaPaCa-2 and CF-
PAC-1 cells. We investigated whether short
term (24 hour) treatment with ENO1-shRNA
would sensitize hypoxia induced drug resis-
tance cells to subsequent treatment with GEM,
after 48 hour incubation with GEM, we found
that ENO1 silencing with ENO1-shRNA signifi-
cantly enhanced the chemosensitivity of both
MiaPaCa-2 and CFPAC-1 cells with significant
decreases in IC50 (Figure 2A, 2B). Next, we
analyzed the cell proliferation curve, the results
indicated that ENO1 inhibition by ENO1-shRNA
in MiaPaCa-2 and CFPAC-1 cells resulted in sig-
nificant inhibition in cell growth when compared
to control groups (P<0.001, Figure 2C, 2D). We
noticed that ENO1-shRNA and GEM combina-
tion treatment inhibited pancreatic cancer cell
growth significantly stronger than ENO1-shRNA
or GEM single treatment. Consistent with our
cell growth data, ENO1 silencing greatly attenu-
ated the colony numbers of MiaPaCa-2 and
CFPAC-1 cells (P<0.01, P<0.001, Figure 2E-G).

ENOL1 silencing affected on cell apoptosis and
cell cycle to enhance GEM chemosensitivity of
pancreatic cancer cell lines

To further investigate the growth inhibition, we
compared the cell apoptosis and cell cycle pro-
files of ENO1 silencing pancreatic cancer cells
with controls by flow cytometry. Flow cytometric
analysis showed that ENO1 silencing increased
apoptosis rate of MiaPaCa-2 and CFPAC-1 cells,
and enhanced the effect of GEM (P<0.01,
P<0.001, Figure 3A-C). ENO1 silencing dramat-
ically increased the cell population in the GO/
G1 phase, whereas it reduced the cell popula-
tion in the S phases, which resulted in a tran-
sient G1/S phase block (P<0.01, P<0.001,
Figure 3D-F).
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ENO1 silencing impacted cellular redox ho-
meostasis of pancreatic cancer cell lines

Moreover, we observed cellular redox homeo-
stasis of CFPAC-1 and MiaPaCa-2 treated with
ENO1-shRNA and gemcitabine (Figure 4). The
results indicated that intracellular ROS concen-
tration was up-regulated with ENO1-shRNA or
ENO1-shRNA+GEM treatment compared with
control group in both cells (P<0.01, P<0.001,
Figure 4A, 4B). The activity of NADPH oxidase,
which convert NADPH to NADP and create O,,
was also up-regulated in ENO1-shRNA group
and ENO1-shRNA+GEM group (P<0.05, P<0.01,
P<0.001, Figure 4C, 4D). As a result, ENO1-
shRNA or ENO1-shRNA+GEM treatment dra-
matically increased the ratio of intracellular
NADP/NADPH in CFPAC-1 and MiaPaCa-2 cells
(P<0.01, Figure 4E, 4F). Finally, we analyzed
GSH concentration and found that ENO1 silenc-
ing had no significant impact on GSH, but
ENO1-shRNA+GEM treatment demonstrated
decreased GSH concentration (P<0.05, Figure
4G, 4H). Taken together, these evidence dem-
onstrated that ENO1 silencing impacts cellular
redox homeostasis by improved intracellular
ROS concentration.

Discussion

Glycolysis is enhanced in most tumor cells
which is named Warburg effect, tumor cells
mostly subjected to hypoxia microenvironment,
can reprogram metabolic procedure associat-
ed with increased levels of glycolytic enzyme to
enhance glycolysis pathway [25, 26]. ENOZ,
also called alpha-enolase, is a key glycolytic
enzyme catalyzing the conversion of 2-phos-
pho-D-glycerate to phosphoenolpyruvate. It is
known that ENO1 expression was significantly
up-regulated at the mRNA and/or protein level
in human PDAC tissues, PDAC cell lines and ani-
mal model tissues [15-17, 24]. Our results
showed that the expression of ENO1 in PDAC
tissues was increased compared with adjacent
non-cancer tissues. ENO1 high expression rate
was 77.2% in human PDAC tissues but 31.6%
in adjacent non-cancer tissues. Our results
showed that ENO1 expression was associated
with the prognosis of PDAC patients, Patients
with higher ENO1 expression had significant
shorter survival time than those with lower
ENO1 expression, high expression of ENO1 pre-
dicted shorter OS. We also found the ENO1
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Figure 2. ENO1 silencing impaired on cell proliferation to enhance GEM chemosensitivity in pancreatic cancer cells.
A, B. CFPAC-1 and MiaPaCa-2 cells were transiently transfected with ENO1-shRNA for 24 h, subsequently treated
with different concentration of GEM for 48 h, IC50 was calculated. C, D. CFPAC-1 and MiaPaCa-2 cells viability with
different treatment for ENO1 control-shRNA, ENO1-shRNA, GEM or ENO1-shRNA+GEM under hypoxia conditions
were measured by CCK-8 assay. E-G. Cellular colony formation assays of CFPAC-1 and MiaPaCa-2 cells with differ-
ent treatment under hypoxic conditions. Results are from representative experiments in triplicate and shown as the
mean + S.D. **P<0.01, ***P<0.001.
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Figure 3. ENO1 silencing affected on cell apoptosis to enhance GEM chemosensitivity in pancreatic cancer cells.
A-C. CFPAC-1 and MiaPaCa-2 cells were treated with ENO1 control-shRNA, ENO1-shRNA, GEM or ENO1-shRNA+GEM
under hypoxia conditions for 48 h, Cell apoptosis was determined by flow cytometry analysis. Results are from repre-
sentative experiments in triplicate and shown as the mean + S.D. **P<0.01, ***P<0.001. ENO1 silencing affected
on cell cycle to enhance GEM chemosensitivity in pancreatic cancer cells. D-F. CFPAC-1 and MiaPaCa-2 cells were
treated with ENOZ1 control-shRNA, ENO1-shRNA, GEM or ENO1-shRNA+GEM under hypoxia conditions for 48 h. Cell
cycle was analyzed by flow cytometry. Results are from representative experiments in triplicate and shown as the

mean * S.D. **P<0.01, ***P<0.001.
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Figure 4. ENO1 silencing im-
pacted cellular redox homeo-
stasis in pancreatic cancer cell
lines. CFPAC-1 and MiaPaCa-2
cells treated with ENO1-shRNA
or ENO1-shRNA+GEM under
hypoxia conditions for 48 h. A,
B. Intracellular ROS was me-
asured using a ROS detection
kit. C, D. NADPH oxidase acti-
vity was measured using a qu-
antitative colourimetry detec-
tion kit. E, F. Intracellular NA-
DP/NADPH ratio was detected
by NADP/NADPH quantifica-
tion colorimetric kit. G, H. The
supernatant of pancreatic ca-
ncer cells were collected and
measured by colorimetric by
GSH assay kit. Results are fr-
om representative experime-
nts in triplicate and shown
as the mean + S.D. *P<0.05,
**P<0.01, ***P<0.001.

level in peripheral blood of
PDAC patients was closely
associated with the progno-
sis of PDAC in our previous
study [24]. Our results were
in line with some additional
studies that the ENO1 high
level contributed to poor pr-
ognosis of pancreatic can-
cers [27, 28].

We next confirmed whether
ENO1 is a potential target
to overcome drug resistan-
ce of pancreatic cancer.
Our results showed that
ENO1 silencing using ENO1-
shRNA can drastically en-
hance chemosensitivity of
pancreatic cancer cells for
GEM treatment in vitro. It
was reported that ENO1
participated in chemoresis-
tance in some other can-
cers, such as cell adhesion
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mediated drug resistance of Non-Hodgkin’s
lymphoma [21], tamoxifen resistance of breast
cancer [22] and cisplatin resistance of gastric
cancer [29]. RNAi-mediated knockdown of
ENO1 increased the sensitivity of tumor cells to
antitubulin chemotherapeutics [30]. Our find-
ings suggested that targeting ENOZ1 using
ENO1-shRNA, effectively improve the suppres-
sion of cell growth and induce cell apoptosis by
Gem. Some additional studies also proved tar-
geting ENO1 inhibited cell growth and induced
cell death [31-33].

The effects of ROS to cancer cells are complex
and perhaps context-dependent. In general,
ROS level is elevated in cancer cells that con-
tributes to the tumor initiation, promotion and
progression. ROS has tumor suppressing eff-
ects as well, excessive production of ROS could
result in damages of mitochondria and cell
membranes, as well as activation of various
cell-death pathways and causing cell death
[34, 35]. In fact, a variety of chemotherapic
agents including Gem induce ROS generation
as an additional anticancer mechanism [36]. At
the same time, cancer cells go to develop a
highly regulated antioxidant defense system to
tolerate oxidative damage of the higher ROS
level. The cellular antioxidant defense system
consists of various antioxidant enzymes, most
of these enzymes are under the control of the
transcription factor NF-E2-related factor-2 (Nr-
f2) [37]. In pancreatic cancer, Kras induce low
intracellular ROS levels which may contribute to
intrinsic resistance to Gem [38]. Therefore,
manipulating ROS levels by redox modulation is
a way to enhance chemosensitivity without
causing significant toxicity to normal cells [39].

In the present study, our results showed that
ENO1 silencing treatment appeared to effec-
tively increase accumulation of ROS and de-
crease NADPH through increased NADPH oxi-
dase activities which normally function to
remove harmful ROS. It is possible that ENO1
silencing enhances chemosensitivity to Gem in
part through increasing ROS generation and
decreasing cellular antioxidant defense, result-
ing in a redox imbalance to facilitate apoptosis
and cell death in pancreatic cancer cells, while
the exact mechanism and contribution of ROS
to ENO1 silencing-induced chemosensitivity
remains unclear and need further research. It
was pointed out that as a moonlight-like pro-
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tein, ENO1 located at the cell wall may protect
sessile cells from oxidative stress [40], and
ENO1 knockdown rescued oxidative phosphor-
ylation in pancreatic cells [41]. Our data sup-
ported ENO1 high expression of pancreatic
cancer may lead to low ROS concentration,
which could contribute to reduce chemosensi-
tivity to Gem.

Conclusion

Our findings suggested that targeting ENO1
using ENO1-shRNA, can sensitize hypoxia in-
duced resistance in pancreatic cancer cells by
modulation of ROS homeostasis, the mecha-
nisms might associate with influences on prolif-
eration, apoptosis, and cell cycle regulated by
increased intracellular ROS. Such an adjuvant
treatment could be an effective therapeutic
option to synergize with current GEM therapy.
The data presented in this study may help to
elucidate ENO1 mediated adjuvant treatment
to enhance the cytotoxicity of GEM towards
chemoresistant pancreatic cancer.
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