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Introduction

In 2020, approximately 935,000 people died from colorectal 
cancer (CRC) and more than 1.9 million new CRC patients 
were diagnosed. Overall, CRC ranks third in terms of 
incidence of malignant tumors in the world, but second in 
terms of mortality (1). However, progress in the treatment 
of CRC has been limited. New drugs have roughly doubled 

the average survival time for advanced CRC over the past 
decade, but patients usually die within 3 years of being 
diagnosed (2). Accumulating evidence indicates that various 
genetic and epigenetic changes could activate multiple 
oncogenic critical signaling pathways for the pathogenesis 
of CRC, such as Wnt/β-catenin signaling pathway (3). The 
activation of this pathway could initiate a transcription-
dependent oncogenic process to promote cell proliferation 
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and apoptotic resistance. 
Ascl2 is a key downstream molecule of the Wnt/

β-catenin signaling pathway. It is a basic helix-loop-helix 
transcription factor homolog (4). Ascl2 is mainly found in 
the intestine cells where it plays an indispensable role in the 
maintenance of intestinal stem cells (5). It has been reported 
that Ascl2 acts as a phenylbutyrate resistance-related gene 
in CRC (6). However, this has been rarely reported in the 
literature. The role of Ascl2 which keep the self-renewal 
of CRC progenitor cells may through up-regulation of 
STAT3 expression level and synergistic interaction with 
LIF phosphorylation STAT3 signaling pathway, as well as 
entering into the regulatory network of embryonic stem 
cells through TCF3. Shang et al. confirmed that HIF-1α 
(hypoxia inducible factor-1) could induce the expression of 
Ascl2 to inhibit the production of miR-200b to promote 
epithelial-mesenchymal transition in CRC (7). It was 
reported that, Ascl2 was a downstream target of HIF-1α 
and had a critical role in the EMT phenotype induced by 
hypoxia or HIF-1α over-expression. However, the effects of 
Ascl2 in the autophagy of CRC remain elusive.

Autophagy refers to the process of inducing intracellular 
substances to be produced and transported to lysosomal 
degradation through a series of pathways under the 
influence of external adverse environmental factors such 
as starvation, oxidative stress, infection and nutritional 
deficiency (8). A number of studies have linked autophagy 
to various cancers, and it could either enhance or prevent 
tumorigenesis (9,10). Autophagy is excessively activated 
in the intestinal epithelium of patients and mouse models 
of CRC (11). Autophagosomes are actively produced 
and promptly consumed in human CRC cell lines (12). 
Autophagy is essential for maintaining cellular homeostasis 
and supporting cell survival and growth (13). However, the 
underlying molecular mechanisms of autophagy in CRC 
remain elusive.

There are few relevant studies on the relationship 
between ASCL2 and autophagy, the effect on the 
occurrence and development of colorectal cancer, and the 
mechanism. We use the correlation between them to solve 
one of the key links in the pathogenesis of colorectal cancer, 
which may provide more effective guiding value for the 
clinical treatment of colorectal cancer. In the present study, 
we further confirmed that Ascl2 expression is elevated in 
CRC. Therefore, we downregulated Ascl2 in CRC cells and 
found that the proliferation and invasion of CRC cells were 
attenuated, but apoptosis progressed. To explore the role of 
Ascl2 in the autophagy of CRC, we detected the expression 

of LC3 and p62 after Ascl2 knockdown. 
We present the following article in accordance with the 

ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/jgo-21-183).

Methods

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved 
by Institutional Ethics Committee of The Fifth People’s 
Hospital of Shanghai, Fudan University (No.: 2017-097) 
and informed consent was taken from all the patients. 
Animal experiments were performed under a project license 
(No.: 20171254A184) granted by Department of Laboratory 
Animal Science, Fudan University, in compliance with 
Fudan University guidelines for the care and use of animals.

In this study, we will continue to verify the expression of 
ASCL2 in colorectal cancer specimens, conduct cell and in 
vivo animal experiments, and study the relationship between 
ASCL2 and colorectal cancer, as well as the correlation and 
mechanism between ASCL2 and autophagy.

Clinical specimens

Tissue specimens from 7 CRC patients were collected at 
The Fifth People’s Hospital of Shanghai, Fudan University. 
The patients were pathologically diagnosed with CRC and 
provided informed consent to participate in the study. 

Cell culture and transfection

HT-29 cells were purchased from American Type Culture 
Collection (Manassas, VA, USA). HT-29 cells were cultured 
in Dulbecco’s modified Eagle’s medium (Hyclone, Logan, 
UT, USA) with 10% heat-inactivated fetal bovine serum 
(Gibco, USA). HT-29 cells were placed in plates with 
humidified air by 5% CO2 at 37 ℃.

The si-control and si-Ascl2, which were purchased 
from RiboBio (Guangzhou, China), were transfected 
into HT-29 cells by Lipofectamine 3000 (Thermo 
Fisher Scientific, USA), according to the manufacturer’s 
instructions. Briefly, when the cell density was about 
80%, Lipofectamine 2000 and silencer siRNAs were 
solvated by opti-MEM (Thermo Fisher Scientific, 
USA), respectively, and silencer siRNA mixture was 
slowly added to the Lipofectamine 2000 mixture. All the 
mixtures were then added to the cells after resting for 15–
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20 min. After 48 h, we continued with the experiments. 

Western blotting

Cells were harvested by RIPA lysis buffer (Biolegend, USA), 
according to manufacturer’s instructions. The protein 
concentration was detected by bicinchoninic acid kits 
(Thermo Fisher Scientific, USA). Proteins were separated 
by adding to sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis. Then proteins were transferred to 
polyvinylidene difluoride membranes (GeneTex, USA). 
After washing with phosphate-buffered saline (PBS) for  
5 min, the membranes were blocked by 5% skim milk for 1h 
at room temperature. Then the membranes were incubated 
in primary antibodies at 4 ℃ overnight. After washing with 
phosphate-buffered saline containing 0.05% Tween-20 
for 30 min, the membranes were incubated in secondary 
antibodies for 1 h. Finally, the signals were observed using 
chemiluminescent enhanced chemiluminescence reagent 
(Thermo Scientific, USA) and Ascl2 antibody (Abcam, UK).

Quantitative reverse transcription polymerase chain 
reaction (qRT-PCR)

Cells were harvested by RNAiso Plus (TaKaRa, JPN), 
according to the manufacturer’s instructions. The 
PrimeScript RT Reagent Kit (TaKaRa, JPN) was then used 
to obtain cDNA as qRT-PCR templates; qRT-PCR was 
performed by SYBR Premix Ex Taq (TaKaRa, JPN), and 
GAPDH served as the internal control. All the experiments 
were carried out in triplicate. The sequences of the primers 
are listed in Table 1.

Cell proliferation assays

Cells were seeded in a 96-well plate. When the cell density 
was approximately 80%, cells were transfected with si-

control or si-Ascl2. Cell proliferation was detected by Cell 
Counting Kit-8 (CCK-8; Dojindo, USA), according to the 
manufacturer’s instructions.

Colony formation assay

Cells were transfected with si-control or si-Ascl2 and seeded 
in a 6-well plate for 1,000 cells per well. After 2 weeks, the 
cells were fixed by 4% paraformaldehyde for 15 min. After 
washing with PBS for 20 min, cells were stained by crystal 
violet for 10–15 min. Pictures of the cells were then taken.

Scratch assay

Cells were transfected with si-control or si-Ascl2 and seeded 
in a 6-well plate. When the cell density approached 90%, 
the cells were scratched vertically with a P1000 pipette tip. 
Wells were then washed with PBS to remove cellular debris. 
The same fields were photographed at 0 and 48 h. The area 
of the wound was calculated with Image-Pro Plus 6.0 (Media 
Cybernetics, USA).

Apoptosis assay

Cell apoptosis was detected by Annexin V-fluorescein 
isothiocyanate (FITC)/propidium iodide (PI) kit (BD, 
USA). Briefly, cells were digested by pancreatic ferment 
and collected in PBS. Cells were washed with PBS and 
resuspended in 100 µL 1× buffer. In total, 5 µL Annexin 
V-FITC and PI were added. After 15 min, 400 µL 1× buffer 
was added to the mixture to detect apoptotic cells by flow 
cytometry.

Immunohistochemical assay

Tumors were retrieved from animals and washed, 
dehydrated, and embedded in paraffin. Tumors were cut 
into 4-μm-thick slices. The slices were then deparaffinized 
and treated with antigen retrieval solution. The sections 
were stained with cleaved caspase 3 or Ki-67 antibody (CST, 
USA). The expression of cleaved caspase 3 and Ki-67 in 
tissues was observed with a microscope (Leica Biosystems, 
Germany).

In vivo model of CRC

Cells were infected with sh-control or sh-Ascl2 virus to 
construct a stable cell line. Male nude mice (4–5 weeks old) 

Table 1 Primers for quantitative reverse transcription polymerase 
chain reaction 

Gene name Polarity Sequence

Ascl2 Forward GCGTGAAGCTGGTGAACTTG

Reverse GGATGTACTCCACGGCTGAG

GAPDH Forward TCCACCCATGGCAAATTCCA

Reverse GCCTTCTCCATGGTGGTGAA
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were injected with 5×106 of the stable cells subcutaneously. 
After 5 days, the volume of the tumors was measured every 
3 days. At 20 days, tumors were collected from the animals 
and weighed, and then stored in 4% formalin. Tumor 
volume was calculated as (length × width2)/2.

Statistical analysis

All data were analyzed with SPSS 21.0 software (SPSS, 
Armonk, NY, USA). Quantitative variable differences 
between groups were analyzed t-test. Fisher’s exact test and 
χ2-test were used for categorical variables. Kaplan-Meier 
was used to analysis of CRC patients survival curves. P<0.05 
indicated statistical significance.

Results

Elevated expression of Ascl2 in CRC

It has been reported that Ascl2 is upregulated in intestinal 
neoplasia (14). We further explored the expression of Ascl2 
in CRC. First, we analyzed the CRC data in The Cancer 
Genome Atlas by using the Gene Expression Profiling 
Interactive Analysis website and found that Ascl2 was 
significantly upregulated in CRC compared with normal 
tissues (Figure 1A). We then detected the expression of 
Ascl2 in patients with CRC. The qRT-PCR results showed 
that the mRNA levels of Ascl2 in CRC were elevated  
(Figure 1B). Finally, Western blot assay was performed 
to detect the protein expression of Ascl2. As shown in  

Figure 1C, Ascl2 expression significantly increased in CRC.

Downregulation of Ascl2 suppresses proliferation and 
migration, and induces apoptosis, in CRC cells

To determine the effect of Ascl2 on the proliferation of 
CRC cells, we transfected HT-29 cells with si-control or si-
Ascl2. qRT-PCR and Western blot assay were performed 
to monitor the knockdown effects. The results showed 
that the mRNA and protein levels of Ascl2 expression both 
decreased (Figure 2A). We subsequently evaluated the effect 
of si-Ascl2 on the proliferation of HT-29 cells by CCK-
8 assay. As shown in Figure 2B, Ascl2 downregulation 
could alleviate the proliferation of HT-29. We then used 
colony formation assay to further confirm the function 
of Ascl2 on proliferation. As shown in Figure 2C and 2D, 
the colony numbers were fewer in the Ascl2 knock down 
group. To determine if Ascl2 knockdown would suppress 
the migration of HT-29, we used scratch tests. The results 
showed that Ascl2 downregulation could significantly 
inhibit the migration of HT-29 (Figure 2E,F). Finally, to 
verify whether Ascl2 could influence HT-29 apoptosis, we 
used flow cytometry to detect apoptotic cells. As shown in 
Figure 2G and 2H, the reduced expression of Ascl2 led to 
increased apoptosis in HT-29 cells. The si-Ascl2-induced 
apoptotic events were associated with activation of cleaved 
caspase 3 (Figure 2I).

These results suggest that si-Ascl2 could inhibit 
proliferation and migration, and induce apoptosis, in HT-
29 cells.
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Downregulation of Ascl2 induces apoptosis by promoting 

autophagy in HT-29 cells

Previously published studies have suggested that autophagy 

plays essential roles in the pathological process of CRC  

(15-17). To confirm whether Ascl2 could mediate autophagy 

in CRC, we detected the expression of autophagy proteins, 
such as LC3 and p62. As shown in Figure 3A, LC3 was 
upregulated and p62 was downregulated when HT-29 cells 
were transfected with si-Ascl2. Furthermore, HT-29 cells 
were treated with autophagy inhibitors 3-methyladenine  
(3-MA) and chloroquine (CQ) to examine the effect of 

Figure 2 Downregulation of Ascl2 inhibited HT-29 proliferation and promoted apoptosis. (A) To confirm the knockdown efficiency 
of si-Ascl2 by quantitative reverse transcription polymerase chain reaction and Western blot assays; (B) HT-29 cells were transfected 
with si-control or si-Ascl2 to detect proliferation using Cell Counting Kit-8; (C,D) colony formation assay was performed to detect cell 
proliferation (crystal violet staining, 10×10); (E,F) scratch test was performed to detect cell migration (10×10); (G,H) after transfection with 
si-control or si-Ascl2 for 48 h, HT-29 cell apoptosis was determined by ANXA5 (Annexin A5) and propidium iodide staining; (I) Western 
blot was performed to detect the expression of cleaved caspase 3. All data are presented as means ± standard deviations from 3 independent 
experiments. ***, P<0.001. 
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Ascl2 on autophagy. As shown in Figure 3B and C, treatment 
with either 3-MA or CQ significantly blocked autophagy in 
si-Ascl2-treated cells. Moreover, as shown in Figure 3D,E,F, 
the cell death induced by Ascl2 downregulation could be 
inhibited by autophagy inhibitors, which was supported 
by decreased cleaved caspase 3 expression and a significant 
decrease in the ANXA5 (Annexin A5)-positive cell fraction 
in HT-29 cells.

These findings indicate that autophagy is the major 
mechanism in the process of si-Ascl2-induced cell death in 
HT-29 cells.

Downregulation of Ascl2 suppresses the proliferation of 
CRC in vivo

Finally, to assess the role of Ascl2 in vivo, we constructed 
Ascl2 downregulation stable cell lines using sh-Ascl2. Stable 
cell lines were injected subcutaneously into nude mice to 
establish a xenograft model. As shown in Figure 4A and B, 
compared with the si-control groups, si-Ascl2 led to slow 
proliferation of HT-29 cells in vivo. We also evaluated 
the effect of sh-Ascl2 in vivo by detecting the expression 
of cleaved caspase 3 and Ki-67 in human CRC xenografts 
harvested from treated mice. The results showed that Ascl2 

Figure 3 Downregulation of Ascl2 induced apoptosis by promoting autophagy in HT-29 cells. HT-29 cells were transfected with si-control 
or si-Ascl2 for 48 h (A) Analysis of the expression of LC3 and p62 by Western blot; (B) HT-29 cells were treated with 3-methyladenine  
(3-MA) to detect LC3 and p62 by Western blot; (C) HT-29 cells were treated with chloroquine (CQ) to detect LC3 and p62 by Western 
blot; (D) HT-29 cells were treated with 3-MA or CQ to detect cleaved capase 3 by Western blot; (E,F) ANXA5 (Annexin A5) and propidium 
iodide staining was performed to detect apoptotic cells after treatment with 3-MA or CQ in HT-29 cells. All data are presented as means ± 
standard deviations from 3 independent experiments. ***, P<0.001.
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downregulation significantly increased the number of 
cleaved caspase 3-positive CRC cells and decreased Ki-67-
positive CRC cells compared with the controls (Figure 4C).

Previous work has confirmed that Ascl2 could accelerate 
CRC. Furthermore, we found that the high expression 
of Ascl2 in CRC patients was associated with shorter 
progression-free survival by Kaplan-Meier survival analysis 
(Figure 4D).

Discussion

Colorectal malignancies are one of the common malignant 
tumors in the digestive system. Due to the development and 
clinical application of chemotherapeutic drugs and targeted 
drugs (18,19), disease-free and overall survival of advanced 
CRC has improved, but the insensitivity and resistance of 
chemotherapy drugs is still an important reason for why 
survival cannot be significantly improved (20). Therefore, 

the discovery of new targeted treatment sites and the 
application of new immunotherapeutic methods may 
achieve the goals of reversing transformational therapy 
resistance, sensitizing chemotherapeutic drugs, and 
reducing the dose of chemotherapeutic drugs to reduce the 
side-effects of chemotherapy (21). 

Autophagy is a stress response that is necessary for cell 
survival (22). Previously published studies have suggested 
that, during normal conditions, autophagy is kept at a basal 
level to provide a cytoprotective function, while under 
negative conditions, such as oxidative stress or hypoxia, 
uncontrolled autophagy can lead to autophagic death (23). 
Similarly, autophagy plays context-dependent dual roles in 
the pathological process of CRC. It has been reported that 
the expression of LC3 and Beclin-1 is upregulated in CRC, 
and the enforced expression of LC3 or Beclin-1 is associated 
with poor prognosis (24-27). In contrast, it has also been 
reported that Beclin-1 is upregulated by γ-interferon to 

Figure 4 Downregulation of Ascl2 suppressed the proliferation of colorectal cancer (CRC) in vivo. (A) Growth curves of tumors 
derived from sh-control or sh-Ascl2 injected subcutaneously into nude mice; (B) tumors harvested from nude mice were weighed; (C) 
immunohistochemical assay was performed to detect cleaved caspase 3 and Ki-67 in tumors (40×10); (D) Kaplan-Meier analysis of Ascl2 
expression in CRC based on The Cancer Genome Atlas. All data are presented as means ± standard deviations from 3 independent 
experiments. ***, P<0.001.
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induce apoptosis in SW480 and HCT116 cells (28).
In the present study, we further confirmed that Ascl2 is 

upregulated, and is associated with poor prognosis, in CRC. 
We found that downregulated Ascl2 alleviates proliferation 
and migration, and promotes apoptosis, in HT-29 cells. 
To investigate the underlying molecular mechanism of cell 
death, we examined autophagy proteins, such as LC3 and 
p62. We found that the suppression of Ascl2 expression 
leads to excessive autophagy. Cell death, which is induced by 
downregulating Ascl2, could be counteracted by treatment 
with autophagy inhibitors, such as 3-MA and CQ. In this 
context, autophagy could induce cell death in CRC. Finally, 
we verified the role of Ascl2 in vivo. The findings of the 
present study indicate that that Ascl2 has tumor-promotion 
activity by suppressing autophagy to inhibit cell death.

Although the results of the study had been validated 
in animal experiments and molecular level, it is limited to 
preliminary exploration. How Ascl2 promotes colorectal 
cancer tumor progression, as well as its signaling pathway 
and mechanism is still unclear. Further research is needed.
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