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Abstract

a-Enolase is a significant subunit of enolase and acts as a glycolytic enzyme responsible for catalyzing the conversion of
2-phosphoglycerate to phosphoenolpyruvate in the anaerobic glycolysis pathway. The research about their role is known little in tumor
invasion and metastasis. This research analyzed the effect of a-enolase in proliferation and progression of human gastric cancer. The
constructed PLKO.I-ENO| shRNA vector was transfected into 293 T cells and used to infect gastric cancer cells, MKNA45, by using
lentivirus method. Negative controls were generated by infection with viruses containing empty vector PLKO. | -scramble-shRNA by
the same protocol and using wild-type MKN45 cells as blank control. The silencing effect was confirmed by reverse transcription
polymerase chain reaction and Western blotting at messenger RNA and protein levels, respectively. Cell proliferation and chemo-
sensitivity were tested by methyl-thiazolyl-tetrazolium assay. Cell apoptosis was tested by flow cytometry. The cell line a-enolase short
hairpin RNA stabling silence a-enolase was successfully constructed. In the a-enolase short hairpin RNA cell lines, messenger RNA and
protein expression of o-enolase were significantly lower than those in negative control and blank control groups. The proliferation and
clone formation ability were significantly inhibited, cell apoptosis was increased significantly, and the inhibition rate of chemotherapy
drugs was increased (P < .05). Our data provide strong evidence that o-enolase short hairpin RNA interference vector can effectively
suppress the proliferation and increase chemosensitivity of MKN45 cells, which may provide a novel gene therapy for gastric cancer.
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Introduction

Among malignant tumors worldwide, gastric cancer has the
fourth highest incidence and the second highest mortality
rate."? In China, approximately 46.8% of new patients with
cancer are diagnosed with gastric cancer each year, and this
cancer has the second highest incidence among malignant
tumors.>* Radical resection is the most effective treatment for
gastric cancer, but studies have shown that approximately 80%
of patients with gastric cancer have postoperative recurrence.
Chemotherapy has become the preferred treatment for gastric
cancer, but a standard chemotherapy regimen for this disease
does not currently exit. Therefore, its early diagnosis and
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intervention are particularly important.>® As tumors have con-
tinued to be studied, other hallmarks of cancer have been iden-
tified: reprogrammed energy metabolism, immune destruction
evasion, upregulated inflammation, genome instability, and
genetic mutation.” The rapid proliferation of tumor cells not
only affects cell numbers but also adjusts energy metabolism to
promote cell growth and division. We speculated that gastric
cancer cells also have an altered metabolism, and using pro-
teomics and immunohistochemistry, we found that the expres-
sion of a-enolase (ENO1), a key enzyme in glycolysis, was
increased in the early stages of cancer.® In this study, we con-
structed a eukaryotic expression vector encoding a short hair-
pin RNA (shRNA) that specifically targeted ENO1 and
downregulated its expression in the gastric cancer MKN45 cell
line. Determining the effects of ENO1 on gastric cancer cell
growth and proliferation and on cell sensitivity to chemother-
apeutic drugs may provide a new theoretical basis for gastric
cancer gene treatment.

Materials and Methods

Materials

The human gastric cancer MKN45 cell line and human
embryonic kidney 293 T cell line were provided by the Lanz-
hou Center for Tuberculosis Research, Lanzhou University.
The PLKO.1-TRC cloning vector was used as the empty plas-
mid (Sigma, USA) from which the ENO1 plasmid was con-
structed by plasmid recombination, and some of the specific
segments were silenced (experimental group). The PLKO.1-
scramble-shRNA plasmid was used for the negative control
group, and a scrambled fragment was inserted into a disordered
segment that did not correspond to human or mouse messenger
RNA (mRNA). PsPAX2 and pMD2.G were the packaging and
envelope plasmids, respectively, for virus production. These 3
plasmids were purchased from Sigma. The shRNA sequence
was synthesized by BGI Diagnosis Co Ltd (Beijing, China).
For the ENO1 shRNA sequence, the sense strand was 5'-
CCGGCGTACCGCTTCCTTAGAACTTCTCGAGAAGT
TCTAAGGAAGCGGTACGTTTTTG-3' and the antisense
strand was 5'-AATTCAAAAACGTACCGCTTCCTTAG
AACTTCTCGAGAAGTTCTAAGGAAGCGGTACG-3'.
Both Dulbecco Modified Eagle Medium (DMEM) medium
and fetal bovine serum (FBS) were purchased from Gibco
(USA). The FuGENE 6 transfection reagent was purchased
from Roche Applied Biosciences (Basel, Switzerland). The
radioimmunoassay precipitation assay (RIPA) buffer was pur-
chased from Sangon Biotech (Shanghai, China), and the
bicinchoninic acid (BCA) kit was purchased from Beyotime
Biotechnology (Shanghai, China). The rabbit antihuman
ENO1 and PKM2 monoclonal antibodies were purchased
from Cell Signaling Technology, and the mouse antihuman
B-actin antibody was purchased from Sigma-Aldrich. Both
horseradish peroxidase—labeled goat antirabbit and goat anti-
mouse immunoglobulin G (IgG) secondary antibody were
purchased from ZSGB-BIO (Beijing, China). RNA extraction

reagent (TRIzol), Prime Script Reverse Transcription Kit, 2 x
Taq polymerase chain reaction (PCR) Green Mix, and SYBR
Green qPCR kit were purchased from Dalian Takara Bio Inc
(Dalian, China). Polybrene, puromycin, methyl-thiazolyl-
tetrazolium (MTT), and dimethyl sulfoxide (DMSO) were
purchased from Sigma. Cisplatin (DDP) was manufactured
by Qilu Pharmaceutical Co Ltd (Ji’nan, China), and 5-
fluorouracil (5-FU) was produced by Shenyang Yaoda Phar-
maceutical Co Ltd.

Cells and Cell Culture

The human gastric cancer MKN45 cell line and human
embryonic kidney 293 T cell line were provided by the Lanz-
hou Center for Tuberculosis Research, Lanzhou University.
The MKN-45 and 293 T cells were cultured in complete
DMEM containing 5% serum (1% penicillin + streptomycin)
in an incubator at 37°C, with 5% CO..

Acquisition of Lentivirus Packaging and Stable
Transfection Cell Lines

Two hundred ninety-three T cells in the logarithmic growth
phase were inoculated in a 6-well plate at 5 x 10 cells/well
and incubated at 37°C, with 5% CO, until the cell density was
approximately 50% to 80% in preparation for transfection. The
recombinant lentiviral vector PLKO.1-ENO1 shRNA interfer-
ence plasmid (experimental group) or PLKO.1-scramble-
shRNA plasmid (negative control group) + psPAX2 plasmid
+ pMD2.G plasmid were transfected into 293 T cells by
FuGENES for lentiviral packaging and cultured in serum-free
DMEM, in accordance with FuGENEG6 transfection reagent
instructions. The virus supernatant was collected 24 and 48
hours after transfection and centrifuged at 3000 rpm for 10
minutes. Then, the cell pellet was removed, and cells were
filtered using a 0.45-um filter, collected and stored at —80°C
for subsequent experiments.

The gastric cancer cell line MKN45 was infected with the
packaged lentivirus supernatant, and the effect of the lentiviral
infection was increased by adding polybrene. After 48 hours of
infection, to select resistant clones, cells were screened with
medium containing puromycin (2 pg/mL) for stable transfec-
tion. The stably transfected ENO1 shRNA/MKN-45 and Scr
shRNA/MKN-45 cell lines were selected and expanded in cul-
ture for subsequent experiments.

Real-Time Fluorescent Quantitative PCR Detection of
the ENOI mRNA Expression Level in ENO |
shRNA/MKN-45 Cells

Total RNA was extracted from cells in the blank control group
(MKN-45), negative control group (Scr siRNA/MKN-45), and
experimental group (ENO1 shRNA/MKN-45) during the loga-
rithmic growth phase; and 1 mL of TRIzol reagent was added.
Then, cDNA was synthesized from 2 pg of total RNA, accord-
ing to the Prime Script RT Reverse Transcription Kit
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instructions. The mRNA expression of ENO1 was detected by
fluorescent quantitative detection using the SYBR Green qPCR
kit. The RT-PCR primers were synthesized by Takara (Dalian,
China). The sense strand of the ENO1 primer sequence was 5'-
CCCAGCTGCCCGATCAGTG-3’ and the antisense strand
was 5-GATGAGCCCAGTTCGGAT CTC-3’; B-actin was
used as the internal reference with a sense strand of 5'-GAC-
CACAGTCCATGCCATCAC-3' and antisense strand of 5'-
CATACCAGGAAATGAGCTTGAC-3'. The above genes
were amplified by CFX96 fluorescent quantitative PCR (Bio-
Rad Laboratories Ltd, USA). The 25-uL PCR reaction system
comprised 2.5 pL of 2 x Mix, 1 pL of upstream and down-
stream primers, 2 pL of cDNA template, and 8.5 pL of ster-
ilized double-distilled water. The reaction conditions were as
follows for a total of 40 cycles: 95°C for 30 seconds, 95°C for 5
seconds, and 60°C for 30 seconds. The results were analyzed
by Rotor-Gene Real-Time Analysis Software 6.1, and the rela-
tive quantitative model was selected by cycle threshold values
from each well analyzed. Three replicate wells were tested for
each group. The experiment was repeated 3 times. The expres-
sion level of the target gene was detected using the 2~ A<
method.

Detection of ENO| Protein Expression in ENO |
shRNA/MKN-45 Cells by Western Blotting

Cells were taken from the blank control group (MKN-45),
negative control group (Scr shRNA/MKN-45), and experimen-
tal group (ENO1 shRNA/MKN-45) during the logarithmic
growth phase. The medium was discarded, the cells were
washed twice with phosphate-buffered saline (PBS), RIPA cell
lysate was added, and cells were lysed on ice for 30 minutes.
After complete lysis, cells were centrifuged at 12 000g at 4°C
for 15 minutes; the supernatant was gently removed. A BCA kit
was used to determine the protein concentration. Protein sam-
ples of equal concentrations were separated by 6% sodium
dodecyl sulfate polyacrylamide gel electrophoresis and trans-
ferred to polyvinylidene fluoride membrane using the wet
transfer method. Then, the membrane was blocked in 5% skim
milk for 2 hours at room temperature; primary antibody (ENO1
1:2000, PKM2 1:2000, B-actin 1:5000) was added and incu-
bated at 4°C overnight and for 2 hours at room temperature.
Then, the membrane was slowly shaken, horseradish peroxi-
dase—labeled goat antirabbit or goat antimouse (IgG) secondary
antibody was added, and the membrane was incubated for 2
hours before being washed with Tris-buffered saline Tween-20
(TBST). After washing the membrane 3 times with TBST, the
protein band that had been incubated with the secondary anti-
body was placed into the cartridge, ECL luminescent reaction
solution was added, and the photographic film in the cartridge
was exposed. The film was exposed to the developer for >55
minutes, removed after a clear band appeared, soaked in water
for 2 to 3 minutes, and placed in a fixing solution for 5 minutes.
Subsequently, the film clip was rinsed and dried. ImageJ soft-
ware was used to analyze the gray value of the protein band.

The experiment was repeated at least 3 times, and -actin was
used as the internal reference.

Detection of the Proliferative Activity of ENO|
shRNA/IMKN-45 Cells by MTT

MKN45 cells in the logarithmic growth phase (blank control
group), ENO1 shRNA/MKN-45 cells (experimental group),
and Scr shRNA/MKN-45 (negative control group) were routi-
nely digested and counted. Then, these 3 cell lines were inocu-
lated in five 96-well plates with 3 replicate wells for each
group, 4 x 10° cells/well. Cells were cultured for 1 to 5 days.
One plate was evaluated each day; 20 pL of MTT reagent was
added (5 mg/mL) and incubated at 37°C with 5% CO, for 4
hours. The culture medium and MTT were removed, 150 pL of
DMSO was added to each well, and the plate was shaken on a
level shaking table for 15 minutes. Then, the absorbance (opti-
cal density [OD]) of each well was measured using a micro-
plate reader at 490 nm, and the growth curve was plotted with
the OD value on the y-axis and the number of days (d) on the x-
axis. The experiment was performed in triplicate.

Detection of ENO| shRNA/MKN-45 Cell Proliferation
by Plate Cloning

During the logarithmic growth phase, MKN45, ENO1 shRNA/
MKN-45, and Scr shRNA/MKN-45 cells were routinely
digested and counted. Then, cells were resuspended at 200
cells/mL with 10% FBS and placed into a 6-well plate at 1
mL/well. Next, 3 mL of 10% FBS medium was added to each
well and incubated at 37°C, with 5% CO, for 10 to 14 days.
When the cloned sphere was visible by eye in the medium, the
culture was terminated and the supernatant was terminated.
Then, cells were carefully washed twice with PBS and fixed
in 3 mL of 4% paraformaldehyde for 15 minutes. Afterward,
the fixing solution was discarded, 0.1% Giemsa staining was
added for 15 to 30 minutes, and the dyed cells were carefully
washed and air-dried. The number of colonies was visually
counted directly, or the number of cloned spheres with more
than 20 cells was counted under a microscope. The experiment
was performed in triplicate.

Detection of ENOI shRNA/MKN-45 Cell Apoptosis by
Flow Cytometry

During the logarithmic growth phase, MKN45 and ENOI
shRNA/MKN-45 were digested, blown, suspended in PBS, and
cleaned twice. Then removed the supernatant. Next, 1 x bind-
ing buffer solution was made into 1 x 106 cell/mL cell suspen-
sion of 1 x 10° cell/mL. Then, 100 pL cell suspension, the
prepared Annexin V, and the nucleic acid were added and
mixed into Falcon test tube gently. It was placed away from
light at the room temperature (20°C-25°C) for 15 minutes.
FACSCalibur flow cytometry (BD FACSAria II, USA) was
used to detect cell apoptosis.
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Figure 1. Amplification curve and dissolution curve of RT-PCR.

Detection of the Impact of Chemotherapy on ENO|
shRNA/MKN-45 Cell Proliferation by the MTT Assay

In the logarithmic growth phase, MKN45, Scr shRNA/MKN-
45, and ENO1 shRNA/MKN-45 cells were routinely digested
and counted. Then, in a 96-well plate, 100 pL of cells, at 5 x
10* cells/mL, was added to each well in triplicate for each
group and was inoculated. After cell adherence, DDP (the con-
centration of the solution was 5, 10, and 20 pmol/L) and 5-FU
(the concentration of the solution was 10, 20, and 40 pmol/L)
were added, and cells in the blank control group were
untreated. After 48 hours of culture, the 96-well plates were
removed, and 20 pL of MTT (5 mg/mL) was added to each
well. After incubating at 37°C, with 5% CO, for 4 hours, the
medium and MTT were removed, 150 pL of DMSO was added
to each well, and the plate was shaken on a level shaking table
for 15 minutes. The OD of each well was measured using a
microplate reader at a wavelength of 490 nm, as well as the
number of viable cells affected the OD. Cell inhibition rate =
(control group — experimental group)/control group x 100%.
The experiment was performed in triplicate, and the average
value was taken.

Statistical Analysis

SPSS 19.0 software was used for statistical analysis. The
experimental data are expressed as the means (standard devia-
tions). Comparisons among groups were performed using

paired ¢ tests. The standard for a statistically significant differ-
ence was P < .05.

Results

Decreased mRNA and Protein Expression Level of ENO |
in MKN-45 Cells After ENO| shRNA Transfection

RT-qPCR results revealed that ENO1 mRNA expression in the
ENO1 shRNA/MKN-45 group was significantly decreased
compared to that in the blank and negative control groups (P
< .05; Figure 1, Figure 2A). Western blot results showed that
the protein expression of ENO1 was significantly decreased in
ENO1 knockout cells compared to that in the empty vector
group and blank group, and the difference in the gray value
was statistically significant (P < .05; Figure 2B).

Decreased Proliferation of MKN45 Cells After ENO|
shRNA Transfection

To investigate the effect of ENO1 knockout on the prolifera-
tion of MKN45 cells, the absorbance values of cells cultured
for 1 to 5 days were measured by MTT assay (Table 1). The
growth curves of each group were plotted as the number of
days of growth and the absorbance values. The results
revealed that for the transfected gastric cancer ENOI1
shRNA/MKN-45 cell line, the growth rate was significantly
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Figure 2. (A) Expression of ENO1 mRNA based on real-timeRT-PCR. (Lane 1) MKN45 ;(Lane 2) ScrshRNA/MKN45; and (Lane 3)
ENO1shRNA/MKN45. (B) Level of ENO1 protein expression determined by western blot analysis.

Table 1. The OD490 of MKN45, Scr siRNA/MKN45, and ENO1 shRNA/MKN45 in Different Days.”

Groups Day 1 Day 2 Day 3 Day 4 Day 5
MKN45 0.22 (0.15) 0.53 (0.37) 0.80 (0.73) 0.96 (0.16) 1.12 (0.17)
Scr SIRNA/MKN45 0.22 (0.11) 0.54 (0.19) 0.83 (0.52) 0.96 (0.11) 0.14 (0.71)
ENOI shRNA/MKN45 0.20 (0.09)° 0.30 (0.10)° 0.33 (0.31)° 0.41 (0.11)° 0.49 (0.30)°

Abbreviations: ENO1, a-enolase; OD, optical density; SD, standard deviation; shRNA, short hairpin RNA.

*Values expressed in X (SD).
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Figure 3. The proliferation of a-enolase (ENO1) short hairpin RNA
(shRNA)/MKN4S5 cells was tested by methyl-thiazolyl-tetrazolium
(MTT). The data are represented as the mean (standard deviation
[SD]) from triplicate assays and are representative of 3 independent
experiments. a-Enolase sSARNA/MKN45 group versus Scr shRNA/
MKN45 group (P < .05) and ENO1 shRNA/MKN45 group versus
MKN45 group (P < .05).

slower than that of the blank control (MKN45) and negative
control groups (P < .05; Figure 3).

The Cloning Ability and Proliferation of MKN45 Cells
Decreased After Transfection With ENO| shRNA

To investigate the effect of ENO1 knockout on the proliferation
of MKN45 cells, the results of the plate cloning assay revealed
that the colony formation of MKN45 cells was inhibited by
ENOI1 shRNA. The number of visually observable cloned

spheres formed by ENO1 shRNA/MKN-45 cells was signifi-
cantly decreased compared to that of the MKN45 blank control
group and Scr shRNA/MKN-45 in the negative control group.
The experiment was performed in triplicate, and the results
were statistically significant (P < .05; Figure 4).

Cell Apoptosis Was Increased Significantly After ENO |
shRNA Transfection

To investigate the effect of ENO1 knockout on the apoptosis of
MKN45 cells, flow cytometry was used to detect the blank
control group (MKN-45) and experimental group (ENO1
shRNA/MKN-45). The results revealed that the apoptosis rate
increased significantly after ENO1 knockout. The average
apoptosis rate of ENO1 shRNA/MKN-45 group was 10.21%,
while that of blank group was 2.77%, and there was a signif-
icant difference between the groups (P < .05; Figure 5).

Cell Proliferation Was Significantly Inhibited by
Chemotherapy Drugs After ENO| shRNA Transfection

Forty-eight hours after different concentrations of DDP and
5-FU were administered to the 3 groups of cells, namely, the
blank control group (MKN45), negative control group (Scr
shRNA/MKN45), and experimental group (ENO1 shRNA/
MKN45), it was revealed that the proliferation of cells in all
3 groups was inhibited to varying degrees (Table 2). These
results show that proliferation was inhibited in a dose-
dependent manner; the inhibition of cells in the experimental
group was significantly higher than that in the blank control
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Figure 4. The proliferation clonal ability of a-enolase (ENO1) short hairpin RNA (shRNA)/MKN45 cells was tested by tablet cloning. The data
are represented as the mean (standard deviation [SD]) from triplicate assays and are representative of 3 independent experiments. a-Enolase
shRNA/MKN45 group versus Scr shRNA/MKN45 group (P < .05) and ENO1 shRNA/MKN45 group versus MKN45 group (P < .05).
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Figure 5. The apoptosis rate of a-enolase (ENO1) short hairpin RNA (shRNA)/MKN45 cells was measured by flow cytometry. A, The apoptosis
level of MKN45 cells. B, The apoptosis level of ENO1 shRNA/MKN-45 cells. The lower left quadrant showed living cells, the upper right

quadrant showed necrotic cells, and the lower right quadrant showed apoptotic cells.

Table 2. The Inhibition Rates of MKN45, Scr shRNA/MKN45, and ENO1 shRNA/MKN45 Groups Using Different Concentration of DDP and

5-Fu at 48 Hours.?

DDP 5-FU
Groups 5 umol 10 pmol 20 pmol 10 pmol 20 pmol 40 pmol
MKN45 0.24 (0.03) 0.44 (0.02) 0.52 (0.01) 0.19 (0.03) 0.23 (0.09) 0.33 (0.03)
Scr shRNA/MKN45 0.23 (0.04) 0.45 (0.02) 0.54 (0.09) 0.19 (0.04) 0.26 (0.04) 0.35 (0.03)
ENO1 shRNA/MKN45 0.35 (0.03)° 0.64 (0.03)° 0.69 (0.01)° 0.30 (0.02)° 0.40 (0.01)° 0.54 (0.03)°

Abbreviations: ENOI, a-enolase; DDP, cisplatin; SD, standard deviation; shRNA, short hairpin RNA; 5-FU, 5-fluorouracil.
#Values expressed in X (SD).
bp < .05.

group or negative control group, and the results were statisti- Discussion
cally significant. Furthermore, between the blank control group
and the negative control group, there was no significant differ-
ence in inhibition. Hence, these results show that ENO1 gene
silencing increases cell sensitivity to DDP and 5-FU treatment,
significantly inhibiting cell proliferation (Figure 6).

Enolase is an important enzyme in glycolysis. As a new tumor
marker, it has recently become a popular research topic world-
wide. Enolase catalyzes the conversion of 2-phosphoglyceric
acid to phosphoenolpyruvate during glycolysis to produce the
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Figure 6. The ability proliferation of a-enolase (ENOT1) short hairpin RNA (shRNA)/MKN45 cells was inhibited by different concentrations of
chemotherapeutic drugs. A, The drug sensitivity of cisplatin (DDP) after ENO1 silencing. B, The drug sensitivity of 5-fluorouracil (5-Fu) after
ENOLI silencing. The data are represented as the mean (standard deviation [SD]) of 3 independent experiments. o-Enolase ShRNA/MKN45
group versus Scr ShRNA/MKN45 group (P < .05) and ENO1 shRNA/MKN45 group versus MKN45 group (P < .05).

second glycolytic ATP. Enolase plays an important role in
cellular energy metabolism.”'® Enolase is an intracellular
enzyme that is necessary for glycolysis and is widely found
in eukaryotic and prokaryotic cells. There are 3 tissue-specific
isoenzyme forms (o, B, and v) of enolase that are each encoded
by a different gene; the active form of enolase is composed of a
dimer that consists of different subunits. The existing enolase
isoform varies according to different development stages.
a-Enolase is mainly present in embryonic tissues and in most
adult mammalian tissues. Furthermore, o.p- and f-enolase are
mainly found in skeletal muscles and muscle tissues, while ory-
and yy-enolase are mainly present in nerve tissues and neu-
roendocrine tissues.''"'?

a-Enolase contains 433 amino acids and is composed of 2
identical subunits that are arranged in a reverse parallel man-
ner, with each subunit having a relative molecular mass of
approximately 47 kD. a-Enolase is a metalloenzyme, and its
activation requires the participation of metal ions; Mg*" plays
an important role in the activation of enolase.'* Recent studies
have shown that the cellular localization of ENO1 and the
biological function of diversity play an important role in the
occurrence and development of tumor, such as in the cell
membrane of ENO1 can promote the invasion and metastasis
of tumor cells, while in the cytoplasm of ENOI can promote
the growth and movement of tumor cells, and in the nucleus of
ENOI can inhibit tumor cell.'* No specific inhibitor of ENO1
has been found that regulates the activity of enolase.'> How-
ever, few studies have investigated the relationship between
ENOI1 and tumors, and of those that exist, the research results
are inconsistent. Zhang et al 14 detected the protein expression
of ENOI in tissues and serum samples obtained from 42
healthy participants, 34 patients with benign lung lesions, and
84 patients with non-small cell lung cancer (NSCLC); this
study found that the protein the expression of ENOI1 in
NSCLC tissues was significantly higher than in corresponding

normal lung tissue (P < .05). Furthermore, the protein expres-
sion of ENOI1 in the serum obtained from patients with
NSCLC was significantly higher than that in the serum of
healthy people and patients with benign lung lesions (P <
.05). Tsai et al'® detected the mRNA expression of ENOI
in 44 patients with head and neck cancer and found that the
expression of ENO1 in human head and neck cancer tissues
was significantly higher than in the adjacent normal tissues.
Furthermore, the high expression of ENO1 was significantly
correlated with tumor clinical stage, poor prognosis, and dis-
tant metastasis. After knocking out ENOI or using RNA inter-
ference (RNAIi) to silence ENOI1 gene expression, the
invasion and metastasis abilities of ENOlenolase-
overexpressing cells were significantly reduced. Tu et al'’
demonstrated in vitro that decreasing the expression of the
ENO1 gene through small interfering RNA in tamoxifen-
resistant breast cancer cells significantly enhanced 4-
hydroxytamoxifen-induced cytotoxicity. Zhou et al® showed
that the ENO1 expression was closely correlated with the
tumor differentiation. The expression of ENOI1 in 55 cases
of gastric carcinoma tissues and 23 cases of gastric ulcer
tissue was detected by Ni et al,'® and this study revealed that
the expression of ENO1 in gastric cancer tissues was signif-
icantly higher than that in gastric ulcer tissues (P < .01) and
positively related to differentiation grade, depth of invasion,
lymph node metastasis, and TNM staging (P < .05). In poorly
differentiated hepatocellular carcinomas, ENO1 expression
was significantly increased, and positive ENO1 expression
was associated with tumor size and vascular invasion. The
interfering RNA-induced decrease in ENO1 expression
reduced the rate of proliferation in hepatocellular carcinoma
and prolonged the G2/M phase of the cell cycle.'”*° It has
been reported recently that in NSCLC, the downregulation of
ENO1 decreased proliferation, migration, and invasion
through an FAK-mediated PI3K/AKT pathway.>!
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With the continuous development of RNAi technology,
gene therapy for tumors has developed rapidly. RNA interfer-
ence is an eukaryotic phenomenon that has been highly con-
served during biological evolution and uses double-stranded
RNA to block specific gene sequences in cells. This effectively
inhibits the mRNA and protein expression of the target gene,
which plays a very important role in the evolution of many
organisms. This technique has been widely used for investigat-
ing gene function and tumor gene therapy because RNAIi has
the advantage of specifically removing or blocking the expres-
sion of specific genes. RNA interference technology plays an
important role in the study of oncogenes and antioncogenes. In
many ways, gene therapy for gastric cancer has made astound-
ing progress. However, most gene therapy approaches are in
the early stages of clinical trials or in the initial stage of experi-
mental research, but gene therapy combined with radiotherapy
and chemotherapy has become a popular topic for cancer treat-
ment. Studies have shown that compared with the normal
group, the reduction of ENO1 expression in an ENO1-
knockout breast cancer mouse model decreased the hypoxia
response and increased cell sensitivity to radiotherapy.” RNA
interference technology improves the sensitivity of tumor cells
to radiotherapy and chemotherapy and offers hope that onco-
genes can be treated and patients cured. Gene therapy plays an
important role in the treatment of cancer and is a popular topic
in tumor therapy research. Our research has also focused on
selecting a gene therapy target. To study the effect of ENO1
gene interference on the proliferation of gastric cancer cell
lines, the PLKO.1-ENO1 shRNA expression vector was con-
structed, and the ENO1 shRNA gene was integrated into the
gastric cancer MKN45 cell line by lentivirus. After being
screened by puromycin, gastric cancer cells that stably
expressed the ENO1 shRNA gene were cloned to study ENO1
gene function. RT-qPCR and Western blotting were used to
detect the effect of shRNA interference. a-Enolase shRNA
effectively inhibited the gene and protein expression of ENO1
in gastric cancer cells. Furthermore, MTT assays were used to
detect the growth ability of cells, and the results revealed that
cell growth in the ENO1 shRNA group was significantly lower
than that in the empty vector and blank control group (P <.05).
This indicated that ENO1 shRNA can inhibit the growth of
MKN45 cells. Plate cloning assays represent the proliferation
ability of cells. The experimental results revealed that the pro-
liferation ability of cells was significantly decreased (P < .05)
after ENOI interference, indicating that the proliferation of
ENOI1 shRNA was significantly decreased. Furthermore, we
used flow cytometry to detect the cell apoptosis and found that
it was significantly increased after ENO1 silencing. At the
same time, the MTT method was used to detect the sensitivity
of cells to chemotherapeutic drugs after ENO1 interference.
The results revealed that the ENO1 shRNA group exhibited a
significant increase in sensitivity to chemotherapeutic drugs,
compared to the empty vector and blank control groups. This
indicates that ENO1 gene silencing can enhance the sensitivity
of gastric cancer cells to chemotherapeutic drugs, such as DDP
and 5-FU. This study focused on the role of ENOI in cell

proliferation and drug sensitivity. However, additional in-
depth research and in vivo experiments are needed to further
confirm these findings.

Conclusion

In conclusion, ENO1 gene silencing can inhibit the prolifera-
tion of the gastric cancer MKN45 cell line and increase its
sensitivity to chemotherapeutics. Identifying the key signaling
pathway protein involved in ENO1 function may provide a new
experimental basis for the further study of gastric cancer and
for gene therapies for other tumors. Furthermore, it also pro-
vides new ideas for the clinical treatment of cancer.
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