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Background: Colorectal carcinoma (CRC) is one of the most common malignancies with

a dismal 5-year survival rate. The glycolytic enzyme α-enolase (ENO1) is overexpressed in

multiple cancers and is involved in tumor cell proliferation and metastasis. However, its

clinical significance, biological role, and underlying molecular mechanisms in CRC are still

unclear. The aim of the present study was to investigate the potential role of ENO1 in the

initiation and development of CRC.

Patients and methods: The in situ expression of ENO1 in CRC and adjacent normal

tissues was examined by immunohistochemistry. The effects of ENO1 on the in vitro

proliferation and migration of CRC cell lines were investigated by MTT, colony formation,

and Transwell assays. Finally, the in vivo tumorigenic capacity of ENO1 was assessed in

a mouse model.

Results: ENO1 was overexpressed in CRC tissues and significantly correlated with the clin-

icopathological parameters. Furthermore, Rab1Awas also overexpressed in CRC tissues and was

positively correlated to that of ENO1. The high expression levels of both ENO1 and Rab1A led

to significantly worse prognosis of CRC patients compared to either alone. Furthermore, knock-

down of ENO1 significantly inhibited CRC cells proliferation and migration in vitro and reduced

xenograft growth in vivo via the concomitant downregulation of Rab1A.

Conclusion: The ENO1/Rab1A signaling axis is involved in CRC progression and is

a potential biomarker for the treatment of CRC.
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Introduction
Colorectal cancer (CRC) is a common malignant tumor of the digestive system and

one of the leading causes of cancer-related deaths worldwide.1,2 Despite significant

progress in the systematic treatment of CRC, the long-term survival of patients with

advanced metastatic disease remains poor due to distant metastasis and resistance to

chemotherapy.3,4 Therefore, novel therapeutic targets are urgently required to

improve the survival and prognosis of CRC patients.

Cancer cells undergo characteristic changes in glucose metabolism in order to

support their unrestricted proliferation and metastasis.5,6 Enolase 1 (ENO1) is

a conserved glycolytic enzyme that catalyzes the formation of phosphoenolpyruvate

from 2-phosphoglycerate, an ATP-generating step that is pivotal in cancer cell
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proliferation and metastasis.7,8 In addition, ENO1 is also

involved in several physiological processes, such as cell

growth, hypoxia tolerance, and autoimmunity.9,10 Previous

studies have reported ENO1 overexpression in several

cancers, such as breast,11 neck,12 lung,13 prostate,14 and

gastric cancer,15 which is closely linked with cancer pro-

gression and poor patient prognosis.

One study showed that ENO1 acts as an oncogene in CRC

by regulating the mTOR pathway,16 which is also targeted by

Rab1A to promote CRC genesis and metastasis.17 However, it

is unclear whether ENO1 and Rab1A interact during colon

cancer initiation and progression. Herein, we analyzed the

relationship between ENO1 and Rab1A expression in CRC

patients, and the effects of ENO1 knockdown on colon cancer

cell proliferation and metastasis in vitro and in vivo. Our

findings indicate that ENO1 is essential for CRC progression,

and its effects are likely mediated by the upregulation of

Rab1A. This study provides a solid theoretical and experi-

mental basis for the therapeutic targeting of ENO1 in CRC.

Patients and Methods
Human CRC Tissues and Cell Lines
The tumor and adjacent normal tissues were resected from

CRC patients between 2011 and 2013 at the Department of

General Surgery, the Affiliated Suzhou Hospital of

Nanjing Medical University. The study was approved by

the Affiliated Suzhou Hospital of Nanjing Medical

University Ethics Committee and the patient consent was

written informed consent.

The human CRC cell lines SW620, LOVO, and RKO

were purchased from the Chinese Academy of Sciences

(Shanghai, China), and HCT116 was obtained from the

College of Life Sciences, Soochow University, which was

approved by the Affiliated Suzhou Hospital of Nanjing

Medical University Ethics Committee. All cell lines were

cultured in Dulbecco’s modified Eagle’s medium

(DMEM), supplemented with 10% fetal bovine serum

(FBS; Gibco, USA) at 37°C in a humidified atmosphere

containing 5% CO2.

Immunohistochemistry (IHC)
The paraffin-embedded tissues were immersed in boiling

citrate buffer (Gene Tech, Shanghai, China, GT100202) for

antigen retrieval, followed by a 15-mins incubation with 3%

hydrogen peroxide (Yonghua Chemical Technology Co. LTD,

Changshu China), and blocking with 5% FBS (Beyotime Inc,

NanTong, China) for another 15 mins. The suitably treated

sections were then incubated with primary antibodies against

ENO1(A1033; 1:100 dilution; ABclonal; Wuhan, China) or

Rab1A (Ab97956; 1:75 dilution; Abcam, Cambridge, MA,

USA) at room temperature for 2–3 hrs and stained using

a tissue staining kit (Zhongshan Biotechnology, Beijing,

China) according to the manufacturer’s protocol. Five random

high-power fields were observed per section, and the staining

intensity was scored as 0 (no staining), 1 (weak), 2 (moderate),

and 3 (strong), and the percentage of positively stained cells as

1 (<25%), 2 (25–50%), 3 (51–75%), and 4 (>75%). The total

scorewas calculated bymultiplying the staining intensity score

with the staining percentage score, and the samples were

accordingly stratified into the low expression (− or +) and

high expression (++ or +++) groups (0 = −; 1–4 = +; 5–8 =+

+; 9–12 = +++), as described in our previous study.18

Short Hairpin RNA Transfection
SW620/HCT116 cell lines stably expressing ENO1-

specific shRNA or scrambled control shRNA were gener-

ated by lentiviral shRNA transduction. The shRNA

sequences specific for human ENO1 were synthesized by

Gene Pharma (Shanghai GenePharma Co., Ltd., Shanghai,

China). The SW620/HCT116 cells were also transfected

with shRab1A or control shRNA using Lipofectamine

2000 (Invitrogen; Thermo Fisher Scientific, Inc.) accord-

ing to the manufacturer’s instructions, as described in our

previous study.19

Protein Extraction and Western Blotting
SW620/HCT116 were lysed for 30 mins in ice-cold RIPA

lysis buffer for protein extraction according to the manufac-

turer’s protocol. Equal amounts of protein per sample (10 µg)

were separated by SDS-PAGE and then transferred to nitro-

cellulose membranes. After blocking with 5% non-fat milk

for 1 hr at room temperature, the membranes were incubated

overnight with polyclonal rabbit anti-human ENO1(A1033;

1:1000 dilution; ABclonal; Wuhan, China) or Rab1A

(1:2000, Abcam, USA, Ab97956) and mouse anti-human

GAPDH antibodies, followed by HRP-conjugated secondary

antibodies for 1 hr at room temperature. The immunoreactive

bands were visualized by chemiluminescence and quantified

using ImageJ software.

MTT Assay
Cell viability was assessed using an MTT assay kit

(Amresco, USA) according to the manufacturer’s protocol.

The cells were harvested, resuspended in complete med-

ium, and seeded into 96-well culture plates. After culturing
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for 24, 48, 72, 96, and 120 hr, the MTT solution was added

and the cells were incubated at 37°C for another 4 hrs. The

supernatant was aspirated, and the formazan crystals were

dissolved in 150 μL DMSO. After a 10-mins incubation at

37°C, the absorbance at 490 nm was measured. Each

sample was tested in five replicate wells, and the experi-

ment was repeated thrice.

Cell Migration Assay
The in vitro migration of the ENO1 or control shRNA-

transfected SW620/HCT116 cells was evaluated in 24-

well Transwell plates (Corning Incorporated, USA)

according to the manufacturer’s protocol. The cells were

re-suspended in serum-free RPMI 1640 and seeded in the

upper chamber of each well, while the lower chamber was

filled with 500 µL complete medium. After a 24-hr incu-

bation at 37°C, the cells remaining on the upper surface of

the membrane inserts were removed with a cotton swab,

and the migrated cells on the lower surface were fixed with

methanol, stained with 0.5% crystal violet, and counted in

five randomly selected fields under an inverted microscope

(scale bar = 200μm). Each experiment was repeated thrice.

Colony Formation Assay
The cells were seeded in six-well plates at the density of

800 cells per well in complete medium. After 3 weeks of

culture, the resulting colonies were fixed and stained with

crystal violet (0.1%, w/v in 20 nM 4-morpholinepropane-

sulfonicacid), and the macroscopic colonies were counted.

The experiments were repeated thrice, and each sample

was tested in triplicates.

Xenografts
Nude mice (BALB/c, SPF grade, 16–18 g, 3–5 weeks old,

male) were purchased from Shanghai SLRC laboratory

Animal Co (Shanghai, China) and housed in a pathogen-

free environment under a 12-hrs light/dark cycle. The mice

were subcutaneously injected with 5 × 106 GC cells that

were, respectively, transfected with control-shRNA or

ENO1-shRNA. The two groups of nude mice were indivi-

dually marked (n = 3 mice per group) after 3 days of

feeding according to the weight and the day was recorded

as 0. Body weight and tumor size were measured twice

a week. The mice were sacrificed on day 35, and the

tumors were dissected. All animal experimental proce-

dures were approved by the Animal Ethics Committee of

the Suzhou Municipal Hospital (Suzhou, China), and per-

formed in accordance with the guidelines of the Care and

Use of Laboratory Animals in Suzhou Municipal Hospital,

which was described in our previous study.20

Statistical Analysis
Data were presented as the mean ± S.E.M. of three indepen-

dent experiments. The groups were compared using

Student’s t-test and Chi-square test as appropriate. Survival

analysis was performed by Kaplan–Meier method and com-

pared by the log-rank test. P < 0.05 was considered statisti-

cally significant. All statistical analyses were performed with

the SPSS17.0 software (SPSS Inc, Chicago, IL, USA).

Results
ENO1 Expression Levels are Higher in CRC

Tissues Compared to Adjacent Tissues
The in situ ENO1 expression in paired CRC and adjacent

normal tissues was evaluated by IHC, and the percentage

staining and intensity scores were multiplied to obtain the

total staining score (Figure 1A). ENO1 levels were signifi-

cantly higher in CRC tissues compared to that in paired adja-

cent tissues (P < 0.001, Figure 1B). Furthermore, ENO1

expression was slightly higher in patients with lymph node

invasion compared with those without (P = 0.09, Figure 1C).

Similar trends were seen in ENO1 expression levels between

the TNM I-II and TNM III-IV stage tissues (P = 0.07,

Figure 1D).

ENO1 Expression Is Associated with the

Clinicopathological Status of CRC Patients
The relationship between ENO1 expression levels and the

clinicopathological parameters of 135 CRC patients is sum-

marized in Table 1. Overexpression of ENO1was significantly

associatedwith the depth of tumor invasion (P =0.014), lymph

node invasion (P < 0.001), neural invasion (P = 0.016), and

TNM staging (P < 0.001). However, no significant differences

were observed between the ENO1-positive and ENO1-

negative groups in terms of other clinicopathological factors,

such as age, gender, tumor size, degree of differentiation,

venous invasion, and tumor location (P > 0.05).

ENO1 Expression Is Significantly Correlated

to Rab1A Expression Levels in CRC
Previous studies have reported that ENO1 promotes CRC

cell proliferation and metastasis through the mTOR path-

way, and that Rab1A is an mTORC1 activator in CRC.

However, the association between ENO1 and Rab1A has

not been elucidated so far. To this end, we analyzed the
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expression levels of Rab1A in the CRC and adjacent normal

tissues by IHC (Figure 1A), and found that Rab1A was

significantly overexpressed in the former (P < 0.001,

Figure 1E). Interestingly, a scatter plot indicated that

ENO1 expression levels were positively correlated to that

of Rab1A in CRC patients (P < 0.001, Figure 2A).

Furthermore, subgroup analysis based on TNM staging

showed that ENO1 expression was closely associated with

that of Rab1A in both TNM I-II (P < 0.001, Figure 2B) and

TNM III-IV (P = 0.044, Figure 2C) patients.

ENO1/Rab1A Overexpression

Correlates with Poor Prognosis in CRC

Patients
Based on the findings so far, we next analyzed the correlation

between ENO1/Rab1A expression and patient prognosis and

found that overexpression of ENO1 (P < 0.001, Figure 2D) as

well as Rab1A (P < 0.001, Figure 2E) led to worse prognosis

compared with that of the corresponding negative groups. In

addition, high levels of both ENO1 and Rab1A indicated

significantly worse prognosis compared to the overexpression

of either alone (P < 0.001, Figure 2F). Univariate analysis

further showed that the depth of invasion, lymph node metas-

tasis, degree of differentiation, venous invasion, neural

invasion, TNM stage, Rab1A expression, and ENO1 expres-

sion correlated significantly to poor prognosis (P < 0.05,

Table 2). However, only lymph node metastasis, TNM

stage, Rab1A expression, and ENO1 expression were inde-

pendent risk factors as per the multivariate analysis (P < 0.05,

Table 2).

ENO1/Rab1AExpression in FourColorectal

Cancer Cell Lines and shRNA-Mediated

Deletion of the ENO1 gene in HCT116 and

SW620 Cells
ENO1/Rab1A expression levels in four human CRC cell

lines (HCT116, SW620, LOVO, and RKO) were analyzed

by Western blotting. ENO1/Rab1A levels were relatively

high in the HCT116 and SW620 cells, and relatively low

in RKO cells (Figure 3A–C). Therefore, we knocked down

ENO1 in the HCT116 and SW620 cells, and confirmed the

efficiency of shRNA-mediated knockdown by Western

blotting, which showed significantly decreased ENO1

expression in cells transfected with ENO1-shRNA com-

pared to that in the control-shRNA-transfected cells (P <

0.05, Figure 3D and E). Thus, effective and specific sup-

pression of ENO1 expression was achieved in HCT116

and SW620 cells.

Figure 1 Expression of ENO1/Rab1A in CRC tissues. (A) Immunohistochemical (IHC) staining of ENO1/Rab1A in 135 pairs of primary human CRC and adjacent normal

tissues (200×). The expression of ENO1 protein was negative (a), weak (b), positive (c), or strongly positive (d). The expression of Rab1A protein was negative (e), weak (f),

positive (g), or strongly positive (h). (B) Staining scores of ENO1 in CRC tissues and adjacent normal tissues. (C) Staining scores of ENO1 in lymph node invasion-positive

and negative patients. (D) Staining scores of ENO1 in TNM I-II and TNM III-IV stage tissues. (E) Staining scores of Rab1A in CRC tissues and adjacent normal tissues. ***P <
0.001. ns: not significant. Scale bar = 100 μm.
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ENO1 Knockdown Inhibits in vitro

Migration and Proliferation of CRC Cells
The effect of ENO1 on the proliferation and migration of

CRC cells was evaluated by the Transwell, MTT and

colony formation assays as appropriate. ENO1 knockdown

significantly decreased the proliferative ability of the

HCT116/SW620 cells both in terms of their viability

(P < 0.05, Figure 3F and G) and colony-forming capacity

(P < 0.01, P < 0.05; Figure 4B, E, and F). Furthermore,

ENO silencing markedly decreased the in vitro migration

of HCT116/SW620 cells compared to the control cells

(P < 0.01; Figure 4A, C, and D). Taken together, ENO1

promotes colon cancer cell growth and metastasis in vitro.

ENO1 Knockdown Retards the Growth

of CRC Cells in vivo
As stated above, the expression of ENO1 could increase

the proliferation ability in vitro. To determine the physio-

logical role of ENO1, we subcutaneously implanted

HCT116 cells transfected with control or ENO1 shRNA

into 3–4 weeks nude mice, and measured tumor size and

body weight twice a week. Compared to the control group

mice, the subcutaneous tumors derived from ENO1-

knockdown cells grew much slower and had relatively

stable weight (P < 0.05, Figure 5A and B), which was

significantly lower than that of control mice (P < 0.05,

Figure 5D). Furthermore, the body weight of the mice

injected with ENO1-knockdown cells was slightly greater

compared to that of the control group mice (P > 0.05,

Figure 5C), and became significantly greater after subtract-

ing the respective tumor weights (P < 0.05, Figure 5E).

Taken together, ENO1 promotes the growth of CRC cells

in vivo.

Effects of ENO1 on Colon Cancer Cell

Proliferation and Metastasis are Mediated

by Targeting Rab1A
Previous studies have reported that both ENO1 and Rab1A

regulate the mTOR signaling pathway in CRC. To deter-

mine whether Rab1A mediates the effects of ENO1 on

CRC cells, we analyzed the expression levels of Rab1A

after ENO1 knockdown and found a significant decrease in

the former following ENO1 knockdown (P < 0.05,

Figure 5F–H). Thus, ENO1 mediates its effects in CRC

cells by upregulating Rab1A.

Discussion
Colorectal cancer is one of the most commonly diagnosed

cancers worldwide, and the second leading cause of can-

cer-related deaths.21 Despite advancements in treatment

strategies, including chemotherapy, the prognosis is still

poor.22 The key challenge in improving CRC prognosis is

the molecular heterogeneity of these tumors.16 Therefore,

it is essential to identify novel therapeutic targets in order

to improve the survival of CRC patients. Abnormal glu-

cose metabolism is one of the hallmarks of cancer since

Table 1 Association Between ENO1 Expression and

Clinicopathological Factors in 135 Patients with CRC

ENO1

Negative Positive P

Gender

Male 37 40 0.487

Female 24 34

Age (years)

≤60 24 33 0.601

>60 37 41

Size (cm)

≤5 29 30 0.486

>5 32 44

Depth of invasion

T1–2 17 8 0.014*

T3–4 44 66

Lymph node invasion

Negative 42 24 <0.001***

Positive 19 50

Degree of differentiation

Well 51 60 0.822

Poor 10 14

Venous invasion

Negative 48 48 0.057

Positive 13 26

Neural invasion

Negative 48 43 0.016*

Positive 13 31

TNM staging

I–II 42 22 <0.001***

III–IV 19 52

Tumor location

Right 16 18 0.813

Left 17 18

Rectum 28 38

Notes: *P < 0.05. ***P < 0.001.

Abbreviations: CRC, colorectal cancer; TNM, tumor-lymph node-metastasis.
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tumor cells acquire characteristic changes in glucose meta-

bolism to support their proliferation and metastasis.23

Therefore, metabolic manipulation, such as targeting key

glycolytic enzymes, is a promising therapeutic approach

towards cancer.24

ENO1 is a conserved glycolytic enzyme that catalyzes the

formation of phosphoenolpyruvate from 2-phosphoglyce-

rate, an ATP-generating step that supports cancer cell prolif-

eration and metastasis.25 In addition, ENO1 is also involved

in important cellular functions and has a significant role in

tumor initiation and regression.26 Recent studies show that

ENO1 is a diagnostic marker in many tumors,25–27 and its

overexpression correlates positively with cancer progression

and poor prognosis.28,29 However, little is known regarding

the role of ENO1 in CRC. A previous study showed that

ENO1 is overexpressed in CRC tissues compared to normal

colon tissues, and promotes CRC cell proliferation and

migration, indicating that ENO1 plays an oncogenic role in

CRC.16 This hypothesis was substantiated by the finding that

ENO1 regulated the mTOR pathway in CRC cells.16 Another

Figure 2 Expression association and Kaplan–Meier survival analysis of ENO1/Rab1A in 135 CRC patients. Scatter plots showing the association between ENO1 and Rab1A

expression as per IHC-scores in all CRC patients (A), TNM I–II stage patients (B), and TNM I–II patients (C). Post-surgery Kaplan–Meier survival analysis of 135 CRC

patients stratified according to ENO1 (D) and Rab1A (E) expression levels. (F) Survival analysis of ENO1hi/Rab1Ahi, ENO1lo/Rab1Ahi and ENO1hi/Rab1Alo patients.

Table 2 Results of Univariate and Multivariate Analyses of Patients’ Survival in CRC by Cox’s Proportional Hazard Model

Factor Univariate Analysis Multivariate Analysis

HR 95% CI P HR 95% CI P

Gender (Male/Female) 0.876 0.561–1.366 0.559

Age (≤60 or >60 years) 1.084 0.696–1.687 0.722

Size of cancer (≤5 or >5 cm) 0.654 0.418–1.023 0.063

Depth of invasion (T1-2/T3-4) 0.223 0.102–0.487 <0.001*** 0.566 0.243–1.317 0.186

Lymph node metastasis (negative/positive) 0.179 0.108–0.298 <0.001*** 8.051 1.653–39.213 0.010*

Degree of differentiation (poor/well) 0.461 0.270–0.787 0.005** 0.634 0.360–1.118 0.115

Venous invasion (negative/positive) 0.374 0.263–0.595 <0.001*** 0.680 0.414–1.116 0.127

Neural invasion (negative/positive) 0.544 0.346–0.856 0.008 0.883 0.539–1.447 0.622

TNM stage (I–II/III–IV) 0.157 0.093–0.264 <0.001*** 0.035 0.007–0.182 <0.001***

ENO1 expression (low/high) 0.206 0.123–0.345 <0.001*** 0.336 0.189–0.598 <0.001***

Rab1A expression (low/high) 0.071 0.031–0.166 <0.001*** 0.121 0.050–0.295 <0.001***

Notes: *P < 0.05. **P< 0.01. ***P < 0.001.

Abbreviations: CRC, colorectal cancer; TNM, tumor-lymph node-metastasis.
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Figure 3 Effect of ENO1 knockdown on the proliferation of CRC cells. (A) Western blot analysis showing ENO1/Rab1A expression levels in four CRC cell lines. (B, C) The

intensity of protein bands as determined by densitometric analysis. (D) Immunoblot showing ENO1 expression levels in the shENO1 (KD) and control shRNA (NC) cells.

(E) Quantification of the protein bands in terms of grayscale values. (F, G) MTT assay analysis of the proliferation ability of SW620 and HCT116 cells transfected with

control shRNA (NC) or shENO1 (KD). *P < 0.05, **P < 0.01.

Figure 4 Effects of ENO1 knockdown on the migration and colony-forming capacity of CRC cells. (A) Representative images of Transwell assay showing the migration

ability of SW620 and HCT116 cells transfected with control shRNA (NC) or shENO1 (KD) (magnification ×200). (C, D) Migration rate in terms of the relative number of

migratory cells; data are represent as the mean ± S.E.M. (n = 5). (B) Representative images showing colonies formed by SW620 and HCT116 cells transfected with control

shRNA (NC) or shENO1 (KD); (E, F) Number of colonies in the different groups. Data are presented as the mean ± S.E.M. (n = 3). *P < 0.05, **P < 0.01.
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recent study reported that Rab1A promotes CRC genesis and

metastasis by targeting the mTOR pathway.17 However,

a potential molecular crosstalk between ENO1 and Rab1A

in CRC cell remains unclear and needs to be elucidated.

Previous studies have shown that ENO1 is highly

expressed in multiple cancers and correlated with clinico-

pathological parameters.25,30 Consistent with this, the expres-

sion of ENO1/Rab1A was significantly higher in the CRC

tissues compared to that in paired adjacent normal tissues.

Furthermore, ENO1 overexpression was positively associated

with Rab1A expression levels, indicating a functional link

between the two in CRC cells. In addition, ENO1 expression

was also slightly higher in patients with lymph node invasion

compared with those without, which suggested a metastatic

function of ENO1. Finally, enhanced ENO1 expression was

closely linked with the depth of tumor invasion lymph node

invasion, neural invasion, and TNM staging, indicating that

ENO1 is involved in CRC initiation and progression as well.

Previous reports have demonstrated that ENO1 overexpres-

sion correlates to poor survival in gastric cancer.31 In our study

also, the overexpression of ENO1 or Rab1A led to a worse

prognosis, which further worsened when both were overex-

pressed. Furthermore, multivariate analysis indicated that

lymph node metastasis, TNM stage, Rab1A expression, and

ENO1 expression were independent risk factors of CRC.

ENO1 silencing significantly inhibits the growth and

migration abilities of gastric cancer23 and colon cancer cell

lines.16 Consistent with this, knockdown of ENO1 expression

inCRCcells inhibited their proliferation andmigration in vitro,

and reduced their growth in vivo. These results suggested that

ENO1 acts as an oncogenic factor and promotes CRC genesis

and metastasis. Mechanistically, the oncogenic potential of

ENO1 has been linked to the regulation of the mTOR

pathway,16 which is also targeted by Rab1A during CRC

initiation and regression.17 In our study aswell, Rab1A expres-

sion level was significantly decreased following ENO1 knock-

down, which suggested that ENO1 promotes the proliferation

and migration of CRC cells by upregulating Rab1A.

Conclusions
ENO1 is overexpressed in CRC tissues and correlates

significantly with lymph node invasion, TNM staging,

and other clinicopathological factors. It is also positively

correlated with high Rab1A expression in CRC tissues,

and ENO1/Rab1A co-overexpression led to worse prog-

nosis. ENO1 knockdown significantly inhibited CRC cells

proliferation and migration in vitro and xenograft growth

in vivo by targeting Rab1A. Thus, ENO1 is a potential

therapeutic target against CRC.

Figure 5 Knockdown of ENO1 suppressed CRC tumor growth in vivo and downregulated Rab1A expression in CRC cells. (A) Representative images of nude mice

inoculated with CRC cells transfected with control shRNA (NC) or shENO1 (ENO1 KD). (B) Tumor volumes in the different groups measured twice a week over 5 weeks.

Data are presented as the mean ± S.E.M. (D) Tumor weight of different groups. Data are presented as the mean ± S.E.M. (E) The body weight of the mice after subtraction of

tumor weight. Data are presented as the mean ± S.E.M. (F) Immunoblot showing expression levels of ENO1 and Rab1A in the SW620 cells/HCT116 cells transfected with

shENO1 (KD) and control shRNA (NC). (G, H) Quantitative analysis of the band gray values in HCT116 cells (G) and SW620 cells (H). *P < 0.05.
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