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Background: Colorectal cancer (CRC) is a highly aggressive, high-incidence malignancy. Several
biomarkers associated with the prognosis and metastasis of CRC have been identified. Our study aimed to
evaluate the value of ATG16L2 protein as a new biomarker to predict the prognosis of patients with CRC.
Methods: One hundred and fifty-two pairs of paraffin-embedded tissue samples and 19 fresh tissue samples
were collected from the Department of Pathology of Renji Hospital, Shanghai Jiao Tong University School
of Medicine. All the patients had undergone surgery in the hospital’s Department of Gastrointestinal Surgery
between 2013 and 2014. The samples were arranged on two tissue microarrays of normal (n=152) and tumor
(n=152) tissue. The tissues were immunostained and graded as low (<50%) or high (>50%) according to
the proportion of ATG16L2-positive cells. An overexpression plasmid was constructed and transfected into
RKO cells, and the cell proliferation and migration ability were detected. Finally, Flag-ATG16L2 RKO
cells subcutaneous injection into the skin of BALB/c nude mice to determine the effects of ATG16L.2 on the
growth of subcutaneously transplanted tumors.

Results: ATG16L2 expression was negatively correlated with lymph node metastasis (P<0.05) and tumor-
node-metastasis stage (P<0.05). High ATG16L2 expression in tumor tissues was related to a good prognosis,
with patients with a high expression of ATG16L2 displaying longer overall survival. In vitro, overexpression
of ATG16L2 in a CRC cell line RKO cell led to a decrease in cell proliferation but had no obvious influence
on cell migration. In vive, the mice in the Flag-NC (as control) group exhibited faster tumor growth than
those in the experiment group.

Conclusions: ATG16L2 expression is positively associated with patient prognosis in CRC. Further,
ATGI16L2 can negatively affect CRC cell proliferation 7z vitro and in vivo.
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Introduction for patients with tumor recurrence, the 5-year survival rate is

In 2018, colorectal cancer (CRC) ranked third and second lower than 10% (3). Due to the high mortality rate and the

among all tumors for incidence and fatalities, respectively (1). limitations of surgery, chemotherapy remains an important

Although treatments and surgical methods for CRC have adjuvant treatment for CRC (4). Clinically, even for patients
advanced in the past few decades, the 5-year survival rate of who undergo thorough surgery at an early stage, the
patients with the disease is still less than 70% (2). Moreover, postoperative pathological grade is high and the prognosis
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poor (5). This phenomenon suggests that the efficacy of
chemotherapy depends not only on the tumor stage and
pathological type, but also on other factors (6). Therefore,
early prognostic assessment is the most effective way to
improve survival and assess tumor progression in patients
with CRC.

In recent years, histochemistry and molecular
biology have rapidly developed, and a large number of
predictive prognostic markers have been identified (7).
Immunohistochemistry of tumor tissues can provide an
objective predictive value by which to assess prognosis (8).
At present, CRC is initially diagnosed by CT, endoscopy,
and measurement of tumor serum markers such as
carcinoembryonic antigen, carbohydrate antigen 19-9, and
carbohydrate antigen 125 (9). However, these methods
are either lacking in accuracy or invasive. Due to the high
incidence rate of CRC and the lack of effective therapies for
metastatic disease, a new biomarker that can be obtained
non-invasively and which has high prognostic sensitivity is
needed.

Autophagy-related genes (AT'Gs) play an important role in
the autophagy pathway, and their expression can directly or
indirectly regulate cancer development and progression (10).
So far, 16 members of the AT'G family have been identified
in humans (11). Recent research has shown that ATG
family members take part in many human diseases (12).
For instance, an increased expression of AT'G10 in CRC
was found to be associated with lymph node metastasis
(LNM) (13), while ATG12 has been reported to slow
breast cancer cell growth in mice (14). The two ATG16
proteins, ATG16L1 and ATG16L2, form an important
part of the autophagy pathway (15). ATG16L1 is one of the
risk genes in inflammatory bowel disease (IBD) (16), while
ATGI16L2 can form an ATG16L2-ATGS5-ATG12 compound
in vivo (17). A recent study of AT'G16L.2 did show a potential
role in autophagy, specifically in T-cells (18). This study
identified decreased levels of AT'G16L.2 using a combination
of mass spectrometry and western blotting with the
ATGI16L2 antibody in patients with multiple sclerosis (18).
Monitoring AT'G16L2 levels using the ATG16L2 antibody
may serve as a diagnostic tool in predicting outcomes in
multiple sclerosis patients (18). A study of cell responses to
cisplatin treatment used the ATG16L2 antibody as part of a
panel of antibodies to monitor expression of autophagy and
cell death related genes (19). The authors showed ATG16L.2
levels are reduced in response to cisplatin (19).

Therefore, we believe that the ATG16L protein may
participate in the progression of CRC and that it can be used to
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predict the prognosis of patients with the disease. In this study,
we aimed to evaluate the value of AT'G16L.2 as a prognostic
biomarker in CRC by studying its relationship with patient
prognosis. We present the following article in accordance with
the REMARK and ARRIVE reporting checklist (available at
https://dx.doi.org/10.21037/jgo-21-495).

Methods
Patients

Fresh colon cancer and normal (5 cm away from tumor)
tissue samples were collected from 19 patients with
colorectal cancer. None of the patients had received
chemotherapy or radiation prior to surgery, and all of them
gave their informed consent to participate in the study.

Carcinoma cases

One hundred and fifty-two paraffin-embedded samples
were collected from the Department of Pathology of
Renji Hospital, Shanghai Jiao Tong University School of
Medicine. All patients had received surgery at the hospital’s
Department of Gastrointestinal Surgery between 2013
and 2014. All cases were clinically and pathologically
diagnosed as colorectal cancer. Among them, there were
20 cases (13.2%) of stage I, 64 cases (42.1%) of stage II,
52 cases (34.2%) of stage III, and 16 cases (10.5%) of stage
IV tumors. This study complied with the rules set out by
the Ethics Committee of Renji Hospital and was approved
by The Ethics Committee of Renji Hospital (No.: KY2021-
126-B), and all experiments involving human participants
were performed in accordance with the Declaration of
Helsinki (as revised in 2013). Written informed consent
was obtained from all participants. None of the patients had
received any treatment before surgery. Prognostic data were
available for the 52 patients with stage III tumors.

Immunobhistochemical analysis

Tissues were subjected to immunohistochemical analysis
as follows. First, tissue sections were dewaxed with xylene.
Then, the sections were hydrated in ethanol at different
concentrations, washed three times with phosphate-buffered
saline (PBS), and microwaved in 10 mM citrate buffer five
times (for 5 minutes each time). After that, 3% H,O, was
added to incubate the sections at room temperature for
8 minutes in darkness, with the aim of blocking endogenous
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peroxidase activity. Then, the sections were washed three
times with PBS (for 5 minutes each time). To reduce non-
specific immunoreactivity, the sections were sealed with
goat serum albumin for 30 minutes in a wet box at room
temperature before washing them with PBS. The tissue
sections were then incubated with ATG16L2 antibody in
PBS (at a dilution of 1:100) at 4 °C overnight. After three
washes with PBS (for 5 minutes each time), a secondary
antibody (1:1,000 dilution) was added and incubated
with the sections at 37 °C for 30 minutes. Again, the
sections were washed with PBS and then colored with
DAB (3,3'-diaminobenzidine). Finally, the sections were
counterstained with hematoxylin, dehydrated in different
concentrations of ethanol, and mounted on a slide.

Western blot

Tissues were lysed in RIPA buffer supplemented with complete
protease inhibitor cocktail. The protein concentration was
determined using a BCA assay kit (Beyotime, Shanghai, China)
according to the accompanying instructions. For western
blot analysis, 30 pg denatured protein was separated in 7.5%
or 12% SDS-polyacrylamide gel before being transferred to
nitrocellulose membranes. The membranes were blocked
with 5% skimmed milk in tris-buffered saline with Tween
(TBS-T) and washed three times with TBS-T (for 10 minutes
each time). Next, the membranes were treated with diluted
primary antibody (ATG16L2 abcam) at 4 °C overnight.
The next day, the membranes were washed three times with
TBS-T (for 10 minutes each time) and then treated with
secondary antibodies at room temperature for 1 hour. Finally,
the membranes were washed three times with TBS-T (for
10 minutes each time), and the protein blots were visualized by
enhanced chemiluminescence (Millipore).

Establishment of stably transfected RKO cells

Stably transfected cell lines overexpressing AT'G16L.2 were
established by Sangon Biotech Co., Ltd (Shanghai, China).
The sequences of FLAG-AT'G16L2 were: 5'-GCTCTAGAG
CCACCATGGATTACAAGGATGACGACGATAAGGCC
TACCAGGTGGTGGAGAA-3' (F) and 5'-TTTTTTCCT
TGCGGCCGCCTACTGCCAGAGCACAACCT-3' (R).

A 10-cm plate containing RPMI 1640 Medium
(1,500 pL) was seeded with 3x10° cells in the absence of
fetal bovine serum or antibiotic. The next day, 6 ug Flag-
ATGI16L2 plasmid, 4.5 ng psPAX2 packaging plasmid, and
1.5 pg pMD2.G envelope plasmid was mixed into 150 puLL
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Opti-MEM medium. Then, 3X PEI was added to 150 pL.
Opti-MEM medium and mixed well for 3-4 seconds. After
mixing, the medium was incubated at room temperature
for 20-30 minutes, and then evenly distributed across the
whole plate and swirled to mix. The medium was replaced
with flesh medium after 5 hours. After approximately
48 hours, the viral medium was removed, and 6 mL of it was
added for cell transduction (3x10” SW480 cells and 5 pg/mL
polybrene). spun the mix for 90 minutes at 900 g, 32 °C in
a swinging bucket rotor. Then, the cells were resuspended
in the same medium and plated in a 10-cm plate. After
16-20 hours, the viral medium was replaced with flesh
medium, and after a further 16-20 hours, 2 pg/mL
puromycin was added. The cells were harvested 3—4 days
later.

Cell proliferation assay

About 100 pL cell suspension was prepared in
96-well plates. The culture plate was incubated in the
incubator for a period of time (at 37 °C, 5% CO,). Add
10 mL CCK-8 solution to each well. The culture plate was
incubated in the incubator for 1-4 hours. The absorbance at
450 nm was measured by a microplate reader.

Wound-healing assay (migration)

Five equidistant (the same parallel spacing) horizontal lines
were made on the bottom of a 6-cm dish using a marker
pen and 1x10° cells were seeded in the dish. After the cells
had completely covered the dish, a 100-uL pipette tip was
used to make a scratch perpendicular to the horizontal lines.
Then, the dish was washed with PBS, serum-free medium
was added, and images were taken with a camera. After
24 hours, photos were taken again, at the same location.

Transwell assay

For the cell migration experiment, 5x10* cells in
serum-free medium were placed into the upper layer
of a Transwell chamber, which contained an ordinary
membrane. Medium containing 10% FBS was added to
the lower chamber. After 24 hours, the medium in the
upper chamber was discarded and the cells remaining on
the upper membrane were carefully removed. Finally, the
cells were stained with methanol and 0.1% crystal violet,
and the number of migrated cells was counted under an
inverted microscope.
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Table 1 The correlation between ATG16L2 expression levels in tumor tissue and clinicopathological parameters in patients with colorectal

cancer

ATG16L2 expression [%]

Variable No. of cases P value
Low High

Age (years) 0.3786
<60 53 12 [23] 41 [77]
>60 99 29 [29] 70 [71]

Sex 0.8874
Male 95 26 [27] 69 [73]
Female 57 15 [26] 42 [74]

Lymph node metastasis 0.0015
Positive 68 27 [40] 41 [60]
Negative 84 14 [17] 70 [83]

TNM stage 0.0015
I+ 84 14 [17] 70 [83]
n+ v 68 27 [40] 41 [60]

Mouse tumor xenograft model Statistical analyses

Mice were divided into the Flag-ATG16L2 group and
Flag-normal control (NC) (n=4) group, each group contain
4 mice, respectively. The xenograft mouse model was
established via subcutaneous injection of cells into the
right axilla of BALB/cnude mice (6-8 weeks old, 15 g)
which buy from Servicebio. The mice were injected with
different RKO cells (1x10°) according to their group. Every
2 days, the length and width of the tumors were measured
(in millimeters) 1 week after subcutaneous inoculation.
Tumor size was calculated using the formula (A x B%)/2,
in which A and B represent the long and short diameters,
respectively. After 2 weeks, all the mice were sacrificed, and
the subcutaneous tumors were collected and weighed. A
protocol was prepared before the study without registration.
Animal experiments were performed under a project license
(No.: RJ2021-0630) granted by the Ethics Committee
of Renji Hospital, in compliance with China national or
institutional guidelines for the care and use of animals.

Antibody resources

Antibody against AT'G16L2 and antibody against GAPDH
were obtained from Abcam and Proteintech, respectively.
Sigma-Aldrich supplied the mouse and rabbit secondary
antibodies.

© Journal of Gastrointestinal Oncology. All rights reserved.

Data were expressed as mean + SE. Two-tailed Student’s
t test, and statistical analyses were performed using
GraphPad Prism 7 software (GraphPad Software). All data
were presented as mean + SE unless otherwise stated, and a P
value of less than 0.05 was considered statistically significant.

Results

Relationship between ATG16L2 expression and
clinicopathological features of patients with CRC

Tissue samples were analyzed from 152 patients with CRC
who received surgery at Renji Hospital between 2013 and
2014. The tissues were obtained from the Department of
Pathology. They had been embedded in paraffin the day
after the operations and then stored at room temperature
ahead of analysis. Several clinical characteristics of the
patients, including sex, LNM, invasion depth, and tumor-
node-metastasis (TNM) stage are summarized in Table 1.
The UICC (Union for International Cancer Control)
2018 TNM staging system for CRC was referred to for the
clinical and pathological stage of the tumors.

Statistical analysis showed that a high expression of
ATG16L2 was significantly negatively associated with
LNM and TNM stage (P<0.05). The degree of ATG16L.2
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immunostaining of a specimen was graded according to the
proportion of ATG16L2-positive cells: low (<50%) and high
(=50%). Of the 84 cases without LNM, 14 and 70 cases
had low and high ATG16L2 expression, respectively. Of
the 68 cases with LNM, 27 and 41 cases had low and high
ATGI16L2 expression, respectively (P<0.05). Among the
95 male participants in the study, ATG16L2 expression
was low in 26 cases and high in 69 cases, and among their
57 female counterparts, ATG16L2 expression was low in
15 cases and high in 42 cases (P=0.8874). For patients under
the age of 60 years 53 cases, ATG16L2 expression was low
in 12 cases and high in 41 cases, and for older patients (above
60 years) 99 cases, AT'G16L2 expression was low in 29 cases
and high in 70 cases (P=0.3786).

ATG16L2 is bighly expressed in normal tissues and lowly
expressed in tumor tissues

In the normal and CRC tissue samples, immunohistochemistry
was applied to detect the expression of ATG16L2. The
results revealed a lower expression of AT'G16L2 in tumor
tissues than in normal tissues (Figure 1A4,1B) (P<0.01). Next,
quantitative PCR (qPCR) and western blot were used to
detect the expression levels of ATG16L2 in CRC tissues at
both the mRINA and protein levels. The qPCR results showed
that the ATG16L2 mRNA levels were elevated in normal
tissues compared with tumor tissues in 15 patients with CRC
(Figure 1C) (P<0.01). In the same way, the expression of
ATGI16L2 in four pairs of fresh CRC tumor tissues, para-
tumor tissues, and relevant normal tissues was detected by
western blot. As shown in Figure 1D,1E, AT'G16L2 expression
was lower in CRC tissues than in normal ones.

The expression of ATG16L2 in normal tissues and tumor
tissues in different tumor stages

Next, immunohistochemistry staining was used to detect
the ATGI16L2 protein levels in normal and CRC tissues
from 152 patients. According to the number of positive
cells in each tissue slice and the staining intensity, the
histochemical score was calculated. Figure 2 shows the
scores of tumor tissues and normal tissues according to
tumor stage. Generally, with the increase of tumor stage,
the expression level of ATG16L2 in tumor tissues gradually
decreased. Meanwhile, in normal tissues, no obvious
difference was observed between patients with different
tumor stages.

© Journal of Gastrointestinal Oncology. All rights reserved.

Overexpression of ATG16L2 suppresses RKO cell
proliferation

The expression of ATG16L.2 was detected in eight human
CRC cell lines by western blot. The protein expression of
ATG16L2 was high in the DLD1 cell line, but low in the
RKO cell line (Figure 34). Therefore, the RKO cell line
was selected for transfection with the indicated FLAG-
ATG16L2 plasmid (Figure 3B). As shown by wound-healing
and Transwell assays, transfection with FLAG-ATG16L2
had no effect on cell migration (Figure 3C,3D). To examine
the effects of ATG16L2 overexpression on RKO cell
proliferation and migration. In comparison with the control
group, FLAG-ATG16L2 cells exhibited a significantly lower
growth rate (Figure 3E), indicating that the upregulation of
ATGI16L2 can suppress the proliferation of RKO cells.

ATGI16L2 expression is positively associated with CRC
prognosis

Next, the prognostic impact of ATGI16L2 expression
in tumor tissues was studied in patients with CRC. The
expression levels of ATG16L2 levels were analyzed
with respect to survival in 52 patients with CRC who
were diagnosed with a stage III primary tumor without
synchronous metastasis by immunohistochemistry. Patients
with high ATG16L2 expression had longer overall survival
than those with low ATG16L2 expression. This result
showed that a low ATG16L2 expression level was related to
a poor prognostic outcome (Figure 4) (P<0.05).

Downregulation of ATG16L2 suppresses colon tumor
growth in vivo

To investigate the role of ATG16L2 in a mouse colon
cancer xenograft model, Flag-ATG16L2 and Flag-NC
RKO cells were subcutaneously implanted into BALB/c
nude mice via the right axilla. The effect of ATG16L2 on
tumor growth iz vive was determined by comparing the
tumor weight and tumor volume between the two groups
of mice (Figure 5A). Compared to those in the FLAG-
NC group, the weights and sizes of tumors in the FLAG-
ATGI16L2 group were markedly decreased (Figure 5B,5C).

Discussion

CRC is one of the world’s most common cancers. The high
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Figure 1 ATG16L2 was highly expressed in normal tissues and showed lower expression in tumor tissues. (A,B) Evaluation of ATG16L2
immunohistochemical staining. ITHC analysis of ATG16L2 expression in normal and CRC tissues from 15 patients. Typical images of
ATGI16L2 expression were exhibited; (C) Quantitative real-time PCR analysis of expression of ATG16L2 in normal, corresponding
para-cancerous tissues and CRC tissues; (D,E) Western blot assay was performed to detect the AT'G16L2 expression in CRC tumors,

corresponding para-cancerous tissues and normal tissues. GAPDH was used as an internal reference. **, P<0.01; *, P<0.05; ns, no significant.

fatality and recurrence rates of CRC have cemented it as a
primary disease that threatens human life (20). Scientists
are trying their best to improve the treatment methods
for patients with CRC; however, the outcomes of patients
do not always match with those predicted based on the
pathological pattern (21). The prognosis of patients with
CRC is also influenced by many other factors, such as
microsatellite instability, cell infiltration of the immune
system, and KRAS mutation (4). Therefore, the discovery of

new biomarkers to predict the prognosis of CRC is essential
to both patients and doctors.

Autophagy plays an important role in many types of
cancer (22), and research has shown that its role differs
depending on the tumor stage (23,24). Further, many
proteins involved in autophagy have been found to be
related to the prognosis of patients with cancer (22,25).
However, the relationship between autophagy and CRC is
still unclear.
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Figure 2 The ATG16L2 expression of different stages in normal tissues and tumor tissues. In general, with the increase of tumor stage, the
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P<0.05; ns, no significant.

In the present study, we attempted to uncover the
relationship between CRC prognosis and the expression
of ATG16L2, which is a homologous isoform of
ATGI16L1. Although previous studies have shown that
the autophagy complex formed by ATG16L2 does not
participate in autophagic function, it may play a role in
autophagy by regulating ATG16L1 (17,26). Similar to
ATGI16L1, ATG16L2 participates in the occurrence of
many diseases. Research in East Asian populations has
shown that ATG16L2 is related to IBD and systemic
lupus erythematosus (27-29). Further, downregulation of
ATGI16L2 is linked to multiple sclerosis (30). Based on
its relationships with IBD and cancer, we speculate that
ATGI16L2 is also related to the occurrence of CRC.

In the present study, we have described the relationship
of ATG16L2 expression with prognosis and tumor stage. In
CRC tissues, the expression of AT'G16L2 was significantly
related to prognosis and tumor stage, with high ATG16L2
expression levels associated with a good prognosis. Further,
in stage III patients, ATG16L2 was positively associated
with survival. Therefore, the prognosis of patients can be
predicted by detecting the expression level of ATG16L2
in tissues. Our in vitro experiments demonstrated that

ATG16L2 regulated the proliferation of RKO cells. The

© Journal of Gastrointestinal Oncology. All rights reserved.

results of wound healing showed that ATG16L2 had little
relationship with cell migration. It has been reported that
tumor migration is related to the mechanism of epithelial-
mesenchymal transition. ATG16L2 does not seem to
involve the signal pathway of cell migration, so it has little
relationship with cell migration. To verify our conclusion,
we injected tumor cells under the skin of BALB/c mice
and observed the tumor growth iz vive. As expected,
ATG16L2 inhibited tumor growth in the mice. However,
the mechanism by which ATG16L2 regulates tumor
growth is still unclear. Our future research will aim to
establish whether AT'G16L2 regulates the occurrence and
development of autophagy in some way, thereby affecting
the prognosis of CRC. Autophagy plays an important role
in the early stage of tumor occurrence, so the effect of
ATGI16L2 on the early occurrence of also needs further
study.

To conclude, our study has demonstrated that the
prognosis of patients with CRC can be predicted by
detecting the expression level of ATG16L2 in surgically
resected tumor specimens, thus allowing patients with a
poor prognosis to be identified and treated at an early stage.
Our observations also suggest that ATG16L2 is associated
with LNM and TNM stage in patients with CRC.

7 Gastrointest Oncol 2021;12(5):2192-2202 | https://dx.doi.org/10.21037/jgo-21-495



Journal of Gastrointestinal Oncology, Vol 12, No 5 October 2021 2199

©
A 5202 3 g.: E § B
9228 gL FLAG-NC  FLAG-ATG16L2
oJaxxToonmn I
ATGI6L2 | g = T o o 8 ATG16L2 —_———
GAPDH | v e e v Sy ol s S GAPDH | e o o o
C 24 h 48 h »
0.6
N
FLAG-NC i_
g 04
i)
f=
5
o
202
c
g
o
FLAG-ATG16L2 0.0
FLAG-NC FLAG-ATG16L2
D ns
50
1
g 40
£ 30
5
Z 20
[0}
© 10
0 T
FLAG-NC FLAG-ATG16L2
60 +|
‘_ e d
Q
-g 40
3
f=4
3 20
[$)
0
FLAG-NC FLAG-ATG16L2
E
400
—— FLAG-NC -
_EI 300 4 - FLAG-ATG16L2
=
3 200
©
100 _—/,
O T T T T
1 3 6 8

Day
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