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MicroRNA-377 Counteracts With Cancer
Stem Cell Phenotypes and Epithelial
Mesenchymal Transformation by
Targeting ZEB2 in Colon Cancer
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Aizimaiti Rehemutula, BA1, Darebai Redati, MM2,
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Abstract
Dysregulated microRNAs (miRNAs) have been implicated in the pathogenic processes of colon cancer. Epithelial mesenchymal
transition (EMT) promotes metastatic progression and cancer stem cells are closely involved in colon cancer proliferation and
metastasis. Functional effects of miR-377 on colon cancer stem cell phenotypes and EMT were then determined in the present
study. Firstly, reduced miR-377 was found in colon cancer tissues and cell lines. Results from flow cytometry, sphere formation
and western blot assays showed that miR-377 knockdown increased number of ALDH+ cells and promoted sphere formation
ability. Moreover, cell migration/invasion and EMT of colon cancer cells were suppressed by miR-377 over-expression. On the
contrary, miR-377 mimics caused the reversed results. ZEB2 (zinc finger E box-binding homeobox 2) was then validated as a
binding target of miR-377. ZEB2 over-expression reversed the inhibitory abilities of miR-377 on cancer stem cell phenotypes,
EMT, migration and invasion. In conclusion, miR-377 regulates cancer stem cell phenotypes and EMT in colon cancer cells via
regulation of ZEB2, suggesting a new therapeutic strategy for colon cancer treatment.
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Introduction

Colon cancer ranks the second leading cause of cancer mortal-
ity.1 Nearly 50% of colon cancer patients have distance metas-
tasis and recurrence, leading to poor prognosis, and the median
survival after recurrence was only 13.3 months.2 It is well-
accepted that metastasis is a complicated process and closely
associated with EMT.3 Identification of agents that regulate
EMT of colon cancer may be useful for the better understand-
ing on the metastatic process in colon cancer. Furthermore,
highly recurrence rate of colon cancer, related to cancer stem
cells, is involved in drug resistance during treatment of colon
cancer.4,5 Characterization of molecules that mediate cancer
stem cell phenotypes of colon cancer may also be effective for
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the improvement of patient outcomes. Cancer stem cell shows
mesenchymal phenotype to promote EMT for the metastasis-
initiating activity of tumors.6 Moreover, EMT cells also
demonstrate cancer stem cell-like features.7 Therefore, inhibi-
tion of cancer stem cell might be effective for suppression of
colon cancer metastasis.8

MicroRNAs (miRNAs) negatively regulate target genes,
and could be used as tumor suppressors or oncogenes.9 A large
number of miRNAs were found to be abnormally expressed in
different pathological states, such as cancer.10 For example,
miR-21 functions as an oncomiR due to its promptive ability
on the metastasis of several tumors.11,12 In colon cancer,
miRNAs could be either up-regulated or down-regulated, and
promoted or suppressed tumorigenesis or apoptosis.13

MiR-377, abnormally expressed in a variety of tumors,
could inhibit tumor proliferation, migration and invasion.14-16

Recently, miR-377-3p was reported to be elevated in colorectal
cancer, and functioned as an oncogene to promote carcinogen-
esis.17 However, its biological function and related mechanism
o in colon cancer remains elusive. Moreover, miR-377 could
target CD133 (stem cell marker),18 and is detrimental to cardiac
stem cell.19 However, the role of miR-377 in colon cancer stem
cell phenotypes has not been reported.

Here, the expression level of miR-377 in colon cancer was
determined. The influences of miR-377 on colon cancer pro-
gression were then investigated. Moreover, impacts of miR-377
on colon cancer cell stem cell phenotype, as well as the binding
target of miR-377, were also investigated.

Materials and Methods

Tumor Tissues

Sixty paired colon cancer and adjacent non-cancer tissues were
collected from patients via surgical resection at Cancer Hospi-
tal of Xinjiang Medical University. Patients signed written
informed consent, and diagnosed with imaging modalities. The
project was approved by the Ethics Committee of Cancer Hos-
pital of Xinjiang Medical University (Approval no. K-
2020008).

Cell Culture

Colon cancer cell lines (HT29, SW480, SW620 andHCT116)
and human intestinal epithelial cells (HIEC) were purchased
from Chinese Academy of Sciences (Shanghai, China). Cells
were cultured in RPMI 1640 medium (Lonza, Basel, Switzer-
land) supplemented with 10% fetal bovine serum (FBS,
Gibco, MA, USA) in 37°C constant temperature incubator
with 5% CO2.

Cell Transfection

MiR-377 mimics, inhibitor and the corresponding negative
controls (Control, NC inh) were synthesized by GenePharma
(Suzhou, China). HCT116 or HT29 cells were transfected
with 20 nM miR-377 mimics/inhibitor or their negative

controls (NCs) via Lipofectamine 2000. For over-expression
of ZEB2, sequence of ZEB2 was constructed into pcDNA4.1
(Invitrogen, Carlsbad, CA, USA). HCT116 cells were
cotransfected with miR-377 mimics and pcDNA4.1-ZEB2 via
Lipofectamine 2000.

Flow Cytometry Sorting

HCT116 or HT29 cells (2 × 106/mL) were harvested by tryp-
sin treatment and suspended in PBS. Cells were then stained
with anti-CD133-APC and anti-ALDH1-FITC antibodies (BD
Pharmingen, San Jose, CA, USA) at 4°C. After washing with
PBS, cells were analyzed with FACSaria apparatus (BD
Biosciences).

Sphere Formation

HCT116 or HT29 cells (2 × 104/well) were plated in FBS-free
RPMI 1640 medium medium (PrEBM) supplemented with 20
ng/mL EGF and bFGF, 4 μg/mL insulin and B27 in ultra-low
attachment plates. Two weeks later, the floating spheres were
counted.

Wound Healing

HCT116 or HT29 cells (1 × 106/well) were seeded for 24 hours,
and then scratched via a plastic pipette tip. After removing debris
or the detached cells, cells were then cultured for 24 hours before
calculation of the wound width.

Transwell

HCT116 or HT29 cells (2 × 104/mL), suspending in 200µL
FBS-free RPMI 1640 medium, were plated in the upper cham-
ber of well with Matrigel-coated membrane (BD Biosciences).
400µL medium with 20% FBS was added to the lower cham-
ber. 24 hours later, cells in the lower chamber were stained with
1% crystal violet, and then counted.

Dual Luciferase Reporter Assay

Wild-type or mutant 3’-UTR of ZEB2 was constructed into
pmirGLO luciferase reporter vector (Promega, Madison, Wis-
consin, USA). HCT116 cells were co-transfected with miR-377
mimics or control and pmirGLO-wt-ZEB2, pmirGLO-mut-
ZEB2. 48 hours later, the luciferase activities were performed
via Lucifer Reporter Assay System (Promega).

qRT-PCR

RNAs or miRNAs from colon cancer tissues or cell lines were
isolated by Trizol (Invitrogen) or miRcute miRNA isolation kit
(Tiangen, Beijing, China), respectively. RNAs were then
reverse-transcribed into cDNAs, and qRT-PCR was conducted
with SYBR Green Master (Roche, Mannheim, Germany).
GAPDH or U6 was used as endogenous control. Primer
sequences were showed as follows:
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Western Blot

Proteins extracted from colon cancer tissues or cells (30 µg)
were separated by SDS-PAGE, and then transferred onto PVDF
membrane. Membranes were incubated overnight with primary
antibodies: anti-ZEB2, anti-ALDH1, anti-CD133 (1:1500,
Abcam, Cambridge, MA, USA), anti-E-cadherin, anti-N-
cadherin anti-Vimentin (1:2000, Abcam) and anti-GAPDH
(1:3000, Abcam) at 4°C after blocking with 5% BSA. After
incubation with HRP labeled secondary antibody (1:5000;
Abcam), the immunoreactivities were detected.

Statistical Analysis

Results were expressed as mean ± SEM, and statistical analyses
were determined by GraphPad Prism software and One-way anal-
ysis of variance. Survival curves in patients with high or low
expression levels of miR-377 were plotted via Kaplan–Meier
method and log-rank test. P < 0.05was considered as a significant
difference.

Results

MiR-377 Was Expressed at Low Levels in Colon Cancer
Tissues and Cell Lines

qRT-PCR revealed that miR-377 was expressed at low levels
in colon cancer tissues compared with adjacent non-cancer
tissues (Figure 1A). Depending on median ratio of miR-377

expression, patients with colon cancer were divided into high
expression group (N = 30) and low expression group (N =
30). Moreover, patients with low expression of miR-377
showed shorter overall survival than patients with high
expression of miR-377 (P = 0.0391) (Figure 1B), suggesting
that miR-377 predicted poor prognosis in patients with colon
cancer. Furthermore, low miR-377 expression was dramati-
cally related to pT (P < 0.001), pN (P < 0.001), TNM stage
(P < 0.001), tumor size (P = 0.011), lymph node metastasis
(P = 0.007) and distant metastasis (P = 0.020) (Table 1),
while had no significant correlations with other clinical fea-
tures such as age (P = 0.405) or gender (P = 0.190) (Table 1).
MiR-377 was also expressed at low levels in colon cancer cell
lines compared to HIEC cells (Figure 1C). Meanwhile,
HCT116 cells with lowest expression of miR-377 or HT29
with highest expression of miR-377 were selected for the
following functional assays.

Over-Expression of miR-377 Suppressed Colon Cancer
Stem Cell Phenotype

The biological roles of miR-377 in colon cancer stem cell
phenotypes were investigated by in vitro gain- and loss-of
functional analysis. Firstly, HCT116 cells were transfected with
miR-377 mimics or HT29 cells were transfected with miR-377
inhibitor (Figure 2A). Secondly, ALDH, as a cancer stem cell
marker, was enriched in HT29 cells caused by miR-377 inhi-
bitor, as shown by the increased percentage of ALDH+ cells
(Figure 2B). However, miR-377 mimics decreased the percent-
age of ALDH+ cells in HCT116 cells (Figure 2B). Notably,
tumor sphere formation assay showed that miR-377 over-
expression could inhibit self-renewal of spherogenic HCT116
cells, while miR-377 knockdown promoted self-renewal of
spherogenic HT29 cells (Figure 2C). MiR-377 mimics also
decreased the protein expression levels of ALDH1 and
CD133 in HCT116 cells, while miR-377 inhibitor increased
the protein expression levels of ALDH1 and CD133 in HT29
cells (Figure 2D).

ID Sequence (5’- 3’)

GAPDH-F ACCACAGTCCATGCCATCAC
GAPDH-R TCCACCACCCTGTTGCTGTA
miR-377-F TGCTGATCACACAAAGG
miR-377-R TGTAGTGTGTTTCCGTTGAA
ZEB2-F GAGGCGCGCGAGAAAGG
ZEB2-R GCCCAGCTTCCCGTAGCC
U6-F CTCGCTTCGGCAGCACA
U6-R AACGCTTCACGAATTTGCGT

Figure 1. MiR-377 was expressed at low levels in colon cancer tissues and cell lines. (A) Expression level of miR-377 in colon cancer tissues
and adjacent noncancer tissues detected by qRT-PCR. ** represent Normal vs. Tumor, P < 0.01. (B) Overall survival analysis of colon cancer
patients with high miR-377 expression and low miR-377 expression. (C) Expression level of miR-377 in colon cancer cell lines (HT29, SW480,
SW620, HCT116) and HIEC was detected by qRT-PCR. *, ** represent colon cancer cell lines vs. HIEC, P < 0.05, P < 0.01.
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Over-Expression of miR-377 Suppressed the Migration,
Invasion and EMT of Colon Cancer Cells

The impacts of miR-377 on growth of colon cancer cells were
also evaluated. Wound healing (Figure 3A) showed that miR-
377 over-expression inhibited the migration of HCT116 cells,
and the invasion of HCT116 cells was also suppressed by miR-
377mimics (Figure 3B). However, the migratory and invasive
ability of HT29 cells were enhanced by miR-377 knockdown,
but the migratory and invasive ability of HCT116 cells were

reduced by miR-377mimics (Figure 3A and 3B). Moreover, as
deciphered in Figure 3C, miR-377 mimics increased the pro-
tein expression of E-cadherin, while decreased the protein
expressions of N-cadherin and Vimentin in HCT116 cells.
However, knockdown of miR-377 increased the protein expres-
sions of N-cadherin, E-cadherin and Vimentin in HT29 cells
(Figure 3C).

ZEB2 Was Directly Repressed by miR-377

By bioinformatics tools, we confirmed that ZEB2 had con-
served binding sites for miR-377 (Figure 4A). Luciferase
reporter assay showed the decreased luciferase activity in
HCT116 cells that co-transfected with miR-377 mimics and
pmirGLO-wt-ZEB2 as compared to the Control. However,
mutations in the binding site of ZEB2 reversed the suppressive
influence of miR-377 mimics on the luciferase activity (Fig-
ure 4B). Importantly, miR-377 mimics decreased ZEB2 expres-
sion in HCT116 cells, while miR-377 knockdown increased
ZEB2 expression in HT29 cells (Figure 4C). Furthermore,
ZEB2 was elevated in colon cancer tissues as compared to
adjacent non-cancer tissues (Figure 4D). A negatively correla-
tion between miR-377 and ZEB2 was validated in patients with
colon cancer (Figure 4E).

Over-Expression of miR-377 Suppressed Colon Cancer
Stem Cell Phenotype and EMT Via Repression of ZEB2

To investigate the functional significance of ZEB2 in miR-377-
mediated colon cancer stem cell phenotype and EMT, HCT116
cells were co-transfected with miR-377 mimics and
pcDNA4.1-ZEB2. As shown in Figure 5A, over-expression
of ZEB2 weakened the induction in E-cadherin expression and
reductions in the expressions of ZEB2, ALDH1, CD133, N-
cadherin and Vimentin caused by miR-337 over-expression in
HCT116 cells. Moreover, over-expression of ZEB2 reversed
miR-377-induced suppression of percentage of ALDH+ cells
(Figure 5B) and self-renewal of spherogenic HCT116 cells
(Figure 5C). Notably, over-expression of ZEB2 attenuated
miR-377-suppressed cell migration (Figure 5D) and invasion
(Figure 5E) in HCT116 cells.

Discussion

Metastasis could attribute to the dysregulated survival ability of
tumors, especially in colon cancer.20 Colon stem cells have
properties including self-renewal and multipotency,21 are
implicated in metastasis.22 Therefore, therapies targeting colon
stem cells have become a critical strategy to treat the metastasis
of colon cancer.23 For example, inhibition of extracellular
signal-regulated kinase 5 could eliminate cancer stem cells,
thus improving colon cancer treatment.24 Recently, through
regulation of pathways involved in colon cancer stem cell,
miRNAs have been reported to provide perspective on metas-
tasis and recurrence of colon cancer.25 Here, our results demon-
strated that miR-377 could regulate cancer stem cell

Table 1. Relationship Between miR-377 Expression and Clinicopatho-
logical Characteristics in Patients With Colon Cancer.

Characteristics
Number
of patients

miR-377 Low
expression
(≤ medin)

miR-377 High
expression
(> medin)

P
value

Number 60 30 30
Ages(years) 0.405
<65 19 (31.67%) 11 (36.67%) 8 (26.67%)
≥65 41 (68.33%) 19 (63.33%) 22 (73.33%)

Gender 0.190
Male 35 (58.33%) 15 (50.00%) 20 (66.67%)
Female 25 (41.67%) 15 (50.00%) 10 (33.33%)

Location 0.795
Right 27 (45.00%) 13 (43.33%) 14 (46.67%)
Others 33 (55.00%) 17 (56.67%) 16 (53.33%)

pT stage <0.001
T1 25 (41.67%) 5 (16.67%) 20 (66.67%)
T2 24 (40.00%) 15 (50.00%) 9 (30.00%)
T3 9 (15.00%) 8 (26.67%) 1 (3.33%)
T4 2 (3.33%) 2 (6.67%) 0 (0.00%)

pN stage
N0 27 (45.00%) 4 (13.33%) 23 (76.67%) <0.001
N1 25 (41.67%) 19 (63.33%) 6 (20.00%)
N2 8 (13.33%) 7 (23.33%) 1 (3.33%)

TNM stage <0.001
I/II 35 (58.33%) 10 (33.33%) 25 (83.33%)
III 25 (41.67%) 20 (66.67%) 5 (16.67%)

Differentiation 0.275
Well 27 (45.00%) 12 (40.00%) 15 (50.00%)
Moderate 30 (50.00%) 15 (50.00%) 15 (50.00%)
Poor 3 (5.00%) 3 (10.00%) 0 (36.67%)

Vessel
invasion

0.347

No 47 (78.33%) 22 (73.33%) 25 (83.33%)
Yes 13 (21.67%) 8 (26.67%) 5 (16.67%)

Tumor size
(cm)

0.011*

<5 35 (58.33%) 13 (43.33%) 22 (73.33%)
≥5 25 (41.67%) 17 (56.67%) 8 (26.67%)

Lymph node
metastasis

0.007*

No 49 (81.67%) 18 (60.00%) 27 (90.00%)
Yes 11 (18.33%) 12 (40.00%) 3 (10.00%)

Distant
metastasis

0.020*

No 57 (95.00%) 25 (83.33%) 30 (100.00%)
Yes 3 (5.00%) 5 (16.67%) 0 (0.0047%)

*p < 0.05,**p < 0.001*.
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phenotypes, and inhibited EMT of colon cancer, suggesting
that miR-377 had tumor suppressive ability against colon can-
cer via suppression of colon cancer stem cells and metastasis.

Previous study has shown that miR-377-3p was up-
regulated in colorectal cancer tissues.17 However, our results
were in line with Huang et al (插入文献MiR-377-3p Sup-
presses Colorectal Cancer Through Negative Regulation on
Wnt/β-catenin Signaling by Targeting XIAP and ZEB2), show-
ing that miR-377 was decreased in colon cancer tissues. More-
over, Huang et al (插入文献MiR-377-3p Suppresses
Colorectal Cancer Through Negative Regulation on Wnt/β-

catenin Signaling by Targeting XIAP and ZEB2) indicated the
low miR-377 expression was not only related to the overall
survival of colon cancer patients, but also tightly related to
pT, pN and TNM stage of the patients, predicting a poor prog-
nosis. The different miR-377 expression in colorectal or colon
cancer may be caused by the small sample sizes of patients.
Therefore, a larger patient cohort is needed to indicate clinical
significance of miR-377 in colon cancer.

Cancer stem cell with surface markers (CD133, ALDH1 and
CD44) has been identified in various tumors.26 FACS analysis
showed that colon cancer stem cells was characterized by

Figure 3. Over-expression of miR-377 suppressed EMT of colon cancer cells. (A) Effect of miR-377 on HCT116 and HT29 cells migration was
detected by wound healing assay. * represent miR-377 mimics vs. Control or miR-377 inhibitor vs.NC inh, P < 0.05. (B) Effect of miR-377 on
HCT116 and HT29 cells invasion was detected by transwell assay. ** represent miR-377 mimics vs. Control or miR-377 inhibitor vs. NC inh,
P < 0.01. (C) Effect of miR-377 on protein expression of E-cadherin, N-cadherin and vimentin in HCT116 and HT29 cells was detected by
sphere formation assay. **, ## or @@ represent miR-377 mimics vs. Control or miR-377 inhibitor vs. NC inh, P < 0.01.
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ALDH+, while non-colon cancer stem cells was ALDH-.27

Increase of ALDH1 and CD133 promoted tumorigenic capac-
ity of colon cancer stem cells.28 This study revealed that
miR-377 reduced the enrichment of ALDH+ HCT116 cells,
inhibited self-renewal of spherogenic HCT116 cells and
decreased protein expression of ALDH1 and CD133, suggest-
ing its inhibitory effect on colon cancer stem cell phenotype.
Moreover, miR-377 has been shown to target CD133 to sup-
press esophageal cancer progression,18 and activation of cancer
stem cell is tightly associated with recurrence, metastasis and
poor prognosis of colon cancer.29 Influences of miR-377 on
colon cancer metastasis were then evaluated.

Consistently, a previous report showed that miR-377 exerted
inhibitory effect on colon cancer progression through reduction
of E2F3 (插入文献CircPRMT5 circular RNA promotes prolif-
eration of colorectal cancer through sponging miR-377 to
induce E2F3 expression), and function assays revealed that
miR-377 suppressed colon cancer cell migration and invasion.
Moreover, miR-377 was shown to enhance epithelial cell mar-
ker (E-cadherin), while reduce mesenchymal markers (N-
cadherin and vimentin), thus repressing EMT of colon cancer.
Previous research showed that miR-377-3p promoted EMT of
colorectal cancer through targeting glycogen synthase kinase-
3β.17 However, miR-377 was shown to suppress EMT through
targeting ZEB2 in colorectal cancer (插入文献MiR-377-3p

Suppresses Colorectal Cancer Through Negative Regulation
on Wnt/β-catenin Signaling by Targeting XIAP and ZEB2).
The functional target of miR-337 involved in colon cancer
progression in this study was then determined.

Our result revealed that ZEB2, belonging to ZEB families,
was also validated as a target of miR-377, in line with a pre-
vious report showing that miR-377/ZEB2 axis inhibited cervi-
cal cancer progression.15 ZEB has been shown to be potent
inducers of EMT.30 ZEB2 could promote EMT in various
tumors.31,32 Moreover, ZEB2 was elevated in colorectal cancer
tissues and functioned as a biomarker for colorectal cancer.33

ZEB2 was involved in miRNAs-regulated metastasis and EMT
of colon cancer.34,35 Over-expression of ZEB2 promoted color-
ectal cancer invasion,36 and EMT for the activation of color-
ectal cancer stem cells.37 Here, ZEB2 over-expression reversed
the inhibitory effects of miR-377 on colon cancer stem cell
phenotype and EMT. However, in vivo animal experiments
should be conducted to further investigate the role of miR-
377/ZEB2 axis in colon cancer.

In conclusion, this study firstly demonstrated that miR-377
suppressed colon cancer stem cell phenotype and EMT, thus
repressing metastasis of colon cancer. Additionally, ZEB2 was
closely associated with the anticancer role of miR-377 in colon
cancer. These findings might contribute to the development of
a promising anticancer agent for colon cancer.

Figure 4. ZEB2 was directly repressed by miR-377. (A) The predicted wildtype (WT) binding site of miR-377 in ZEB2. Mutant (MUT) with
disrupted binding site of miR-377 in ZEB2 was also shown. (B) The effect of miR-377 mimics on the luciferase activity of reporter gene with
wild-type or mutant ZEB2 was detected by luciferase reporter assay. ** represent miR-377 mimics vs. Control, P < 0.01. (C) Effect of miR-377
on protein expression of ZEB2 in HCT116 and HT29 cells invasion was detected by western blot. ** represent miR-377 mimics vs. Control or
miR-377 inhibitor vs. NC inh, P < 0.01. (D) Expression level of ZEB2 in colon cancer tissues and adjacent non-cancer tissues was detected by
qRT-PCR. ** represent Normal vs. Tumor, P < 0.01. (E) Negative correlation between miR-377 and ZEB2 in colon cancer patients.
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Figure 5. Over-expression of miR-377 suppressed colon cancer stem cell phenotype and EMT via repression of ZEB2. (A) Effect of miR-377
and ZEB2 on the protein expression of ZEB2,ALDH1, CD133, E-cadherin, N-cadherin and vimentin inHCT116 cells was detected bywestern blot.
** representsmiR-377 +Vector vs.Control +Vector,P<0.01. ## representsmiR-377 +Vector vs.miR-377 +ZEB2,P< 0.01. (B) Effect ofmiR-377
and ZEB2 on the percentage of ALDH+ cells detected by flow cytometry sorting. ** represents miR-377 + Vector vs.Control + Vector, P < 0.01. ##
represents miR-377 +Vector vs.miR-377 + ZEB2, P < 0.01. (C) Effect of miR-377 and ZEB2 on the self-renewal of spherogenic HCT116 cells was
detected by sphere formation assay. ** represents miR-377 + Vector vs. Control + Vector, P < 0.01. ## represents miR-377 + Vector vs.miR-377 +
ZEB2, P < 0.01. (D) Effect of miR-377 mimics and ZEB2 overexpression on HCT116 cell migration was detected by wound healing assay. **
represents miR-377 + Vector vs. Control + Vector, P < 0.01. ## represents miR-377 + Vector vs.miR-377 + ZEB2, P < 0.01. (E) Effect of miR-377
mimics and ZEB2 overexpression onHCT116 cell invasion was detected by transwell assay. ** represents miR-377 +Vector vs.Control + Vector,P
< 0.01. ## represents miR-377 + Vector vs. miR-377 + ZEB2, P < 0.01.
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