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Purpose: The chemoresistance of colon cancer to oxaliplatin (L-OHP) indicates poor prognosis.
Long non-coding RNA (IncRNA) KCNQ10T1 (KCNQ1 opposite strand/antisense transcript 1)
has been shown to participate in the tumorigenesis of several types of cancers. However, little
is known about the role of KCNQ1OT1 in the chemoresistance and prognosis of colon cancer.
Materials and methods: Quantitative-PCR and Western blot were used to measure the
expression profiles of KCNQ1OT1, miR-34a, and Atg4B in colon cancer tissues and cells.
Cell viability assay and flow cytometry were used to examine their effects on cell proliferation
and death. Cleavage of LC3 and GFP-LC3 plasmid transfection were used to detect autophagic
activity. Double luciferase reporter assay was used to verify the interactions between miRNA and
IncRNA or mRNA. Xenograft tumor model was used to verify the effects of KCNQ1OT1 in vivo.
Results: In this study, it is shown that the expression level of KCNQ1OT1 was increased in
tumor, which indicated poor prognosis in colon cancer patients. Using colon cancer cell lines
HCT116 and SW480, it was demonstrated that knockdown of KCNQIOT]1 decreased the cell
viability and increased the apoptosis rates upon L-OHP treatment. Further studies indicated that
Atg4B upregulation was partially responsible for KCNQ1OT1-induced protective autophagy and
chemoresistance. Moreover, miR-34a functioned as a bridge between KCNQ1OT1 and Atg4B,
which could be sponged by KCNQ1OT]1, while it could also bind to the 3’-UTR of Atg4B and
downregulate its expressions. Finally, we show that the KCNQ1OT1/miR-34a/Atg4B axis
regulated the chemoresistance of colon cancer cells in vitro and in vivo.

Conclusion: IncRNA KCNQ1OT1 promoted the chemoresistance of colon cancer by spong-
ing miR-34a, thus upregulating the expressions of Atg4B and enhancing protective autophagy.
KCNQI1OT1 might become a promising target for colon cancer therapeutics.

Keywords: KCNQ10OT], colorectal cancer, protective autophagy, miR-34a, Atg4B, chemoresistance

Introduction
Colorectal cancer is the third prevalent type of cancer and accounts for one-tenth
of all cancer-related deaths in human.' Especially in China, more than 376,300 new
cases and 191,000 deaths occurred in 2015 due to colorectal cancer.? Oxaliplatin
(L-OHP) is a first-line chemotherapy for colon cancer, which functions by covalently
binding to DNA and forming platinum—DNA adducts to inhibit DNA replication and
transcription.> However, failure of cancer therapy is due to drug resistance, which
brings poor prognosis for these patients.*

Inducing apoptosis is one of the most important mechanisms for the chemotherapy
of L-OHP. Meanwhile, cancer cells would adopt autophagy as a protective response
toward chemotherapy.® Generally, autophagy promotes tumor cell survival and
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decreases sensitivity to chemotherapy.>¢ Therefore, target-
ing autophagy has become an important strategy to improve
the chemoresistance in colon cancer therapies.” Long
non-coding RNAs (IncRNAs) are a group of non-coding
RNAs longer than 200 nucleotides.®® Recently, IncRNA
has been found to function as decoys to sponge miRNAs,
thus decreasing the expression levels of certain miRNAs,
which is also an important mechanism of IncRNA-regulated
gene function.!®!! IncRNA KCNQI1OTI1 (KCNQI opposite
strand/antisense transcript 1) has been demonstrated to be a
chromatin regulatory RNA.!>13 Recent studies also revealed
that KCNQI1OTI participated in tumorigenesis and chemo-
resistance of several types of cancers.'*!* However, the role
of KCNQI1OTT1 in colon cancer and whether KCNQ10T]1
participates in the chemoresistance of L-OHP have not
been elucidated.

Materials and methods

Patients and ethics statement

The protocols for using the colon cancer samples and ana-
lyzing patient data were approved by the ethics committee
of the China—Japan Union Hospital of Jilin University. This
study was conducted in accordance with the Declaration
of Helsinki. The colon cancer patients were diagnosed in
our hospital, who underwent surgeries and treatments in
our hospital. Written informed consent was provided by
each enrolled patient if he/she was still alive or by his/her
first-degree relative if he/she had died. Tumor and adjacent
tissues were snap-frozen in liquid nitrogen immediately after
extraction and stored at —80°C.

Cell culture and reagents

Human colon cancer cell lines HCT116 and SW480 were
purchased from American Type Culture Collection (ATCC,
Manassas, VA, USA). The cells were cultured in DMEM
supplemented with 10% FBS, and antibiotics (penicillin
and streptomycin) were added at the temperature of 37°C
with 5% CO,,. The cell culture reagents were purchased from
Thermo Fisher Scientific (Waltham, MA, USA). Chloroquine
(CQ), 3-methyladenine (3-MA), and L-OHP were purchased
from Sigma-Aldrich Co. (St Louis, MO, USA). Annexin-V
and propidium iodide (PI) dyes were purchased from BD
Biosciences (San Jose, CA, USA). The specific siRNAs
for KCNQI1OT1 and Atg4B and negative control were
synthesized and purchased from Genecopoeia (Guangzhou,
China). The miR-34a mimic, inhibitor, and their negative
controls were synthesized and purchased from Gene Pharma
(Shanghai, China).

Quantitative reverse transcription PCR
(qQRT-PCR)

The methods of extracting RNAs and conducting the
qRT-PCR have been described previously.'® The primers
used are listed in Table S1.

Cell viability assay
Cell viability assay was conducted using the Cell Counting
Kit-8 (Dojindo, Kumamoto, Japan) as described previously.'¢

Detection of apoptosis

After treatments, colon cancer cells were digested with
trypsin and washed with PBS twice. Then, the cells were
incubated with Annexin-V and PI for 30 min at room tem-
perature. Flow cytometry was performed, and the statistical
diagrams were drawn by using FlowJo 7.5.

Luciferase reporter assay

Dual luciferase reporter assays were performed to verify
the direct interactions between KCNQI1OT1 and miR-34a
and miR-34a and the 3’-UTR of AtgdB mRNA. PCR was
conducted using the PrimeSTAR DNA polymerase (Takara,
Kusatsu, Japan) to amplify the KCNQ1OT1 cDNA contain-
ing the predicted miR-34a binding site and the 3’-UTR of
Atg4B cDNA containing the predicted miR-34a binding
site. The primers used are presented in Table S2. Then, the
PCR products were purified and cloned to the pmirGLO
vector. Afterward, we co-transfected the pmirGLO-WT-
KCNI1 or -Mut-KCN1 with miR-34a mimics or miRNA-NC
into colon cancer cells with Lipofectamine 3000. Also, the
pmirGLO-WT-Atg4B or -Mut-AtgdB was transfected in
a similar way. The luciferase activity was conducted after
48 h of transfection using the luciferase assay kit (Promega
Corporation, Fitchburg, WI, USA) and the Promega
GloMax 20/20 machine.

Western blot

Western blot was conducted as described previously.!®!”
The primary antibodies used were as follows: anti-PARP
(Abcam, Cambridge, MA, USA), anti-Atg4B (Abcam), anti-
LC3 (Sigma-Aldrich Co.), and anti-GAPDH (Santa Cruz
Biotechnology Inc., Dallas, TX, USA).

Animal experiments

Male BALB/c nude mice (4-5 weeks old) were purchased
from the Model Animal Research Center of Nanjing
University and maintained in a specific pathogen-free
facility. The protocol was approved by the Animal Ethics
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Committee of the China—Japan Union Hospital of Jilin
University and was in accordance with the Guidelines for the
welfare and use of animals in cancer research.'® To evaluate
the in vivo chemoresistance of colon cancer cells to L-OHP,
HCT116-siNC, HCT116-siKCNQ1OT1, SW480-siNC cells,
and SW480-siKCNQ1OT!1 were inoculated subcutaneously
in the right flank of the nude mice. Tumors were measured
every 7 days, and tumor volume was calculated. Five weeks
after inoculation, the mice were killed, and the tumors were
collected for further experiments.

Statistical analysis

The data are presented as mean = SEM. For the comparisons
of mean values between two groups, unpaired Student’s
t-test was used to examine the differences. For the compari-
sons of mean values among three or more groups, ANOVA
followed by Bonferroni post hoc tests were used to examine
the differences. Survival data of patients were evaluated
by the Kaplan—Meier survival curves, and the log-rank test
was used to evaluate the differences between groups. The
survival data were evaluated using univariate and multi-
variate Cox’s proportional hazards model to determine the
association between the risk factors and clinical outcomes,
with the HR and 95% Cls calculated. All the data analysis
was conducted using GraphPad Software, Inc. (La Jolla,
CA, USA) or SPSS 19.0 (IBM Corporation, Armonk, NY,
USA). Two-sided P-value <0.05 was considered to be
statistically significant.

Results
Upregulation of KCNQIOT is
correlated with unfavorable prognosis

in colon cancer

First, qRT-PCR analysis was performed to detect the expres-
sion profiles of IncRNA KCNQ1OT]1 in tissue samples of
45 clinical colon cancer cases. It is shown in Figure 1A that
the expression levels of KCNQ1OT1 were significantly
increased in tumor compared with adjacent normal tissues.
Moreover, it is shown that in the tissue samples of stage |
and II patients, the expression levels of KCNQ1OT1 were
lower than those of stage III and IV patients (Figure 1B).
Also, we used the Cox’s proportional hazards analysis to
analyze the prognosis of colon cancer patients with the risk
factors (Table 1). It is shown that, besides tumor stages,
the KCNQ1OT1 expression levels were correlated with the
poor prognosis of colon cancer patients using the multi-
variate analysis. In Figure 1C, we divided the patients into

low (N=25) and high expression groups (N=20). Then, to
investigate the clinical significance of KCNQ1OT1 in colon
cancer, the correlations between its expression pattern and
clinicopathological characteristics were analyzed. Data in
Table 2 show that the expression levels of KCNQ1OT1 were
significantly correlated with the tumor size (P=0.036), tumor
stage (P=0.003), and the tumor stage (P=0.003), whereas
insignificantly correlated with gender, age, and distant
metastasis. Furthermore, using Kaplan—Meier survival
analysis, it is shown that high expression of KCNQ1OT1
was associated with poor overall survival of colon cancer
patients (P<<0.05, Figure 1D), suggesting that patients with
higher levels of KCNQ1OT1 might be less sensitive to
chemotherapy treatments.

Therefore, to further identify the effects of KCNQ1OT1
on the sensitivity of colon cancer cells to L-OHP, we used
two colon cancer cells lines, HCT116 and SW480. It is
shown in Figure 1E that KCNQ1OT]1 knockdown by spe-
cific siRNA decreased the cell viability of both HCT116
and SW480 cells, treated with different concentrations of
L-OHP. Meanwhile, apoptosis rates were also measured by
flow cytometry. It showed that KCNQ1OT1 knockdown
significantly increased the apoptosis rates in both HCT116
and SW480 cells upon 10 umol/L L-OHP treatment
(Figure 1F and G). These results indicated that IncRNA
KCNQIOTT1 plays important roles in the chemoresistance
of colon cancer by regulating the cell death.

KCNQIOTI promoted the protective
autophagy by upregulating Atg4B
expression in colon cancer cells

To further identify the mechanisms of KCNQ1OT1-induced
chemoresistance, we detected the levels of autophagy, which
is one of the most common protective reactions upon outside
stress. It is shown in Figure 2A that L-OHP induced a sig-
nificant cleavage of LC3-II from LC3-1, whereas inhibition
of autophagy by 3-MA or CQ promoted the cleavage of
PARP, indicating enhanced apoptosis. Therefore, L-OHP
treatment induced a protective autophagy in colon cancer
cells. Furthermore, we investigated the expression levels of
PARP and LC3-II/LC3-I upon KCNQ1OT1 knockdown.
Figure 2B shows that siKCNQIOT!1 transfection upregu-
lated the cleavage of PARP whereas inhibited the cleavage
of LC3-I to LC3-II, indicating that KCNQIOT]1 regulated
autophagy and therefore influencing the chemosensitivity
of colon cancer cells to L-OHP. We measured the expres-
sion patterns of Atg4B, which is one of the main enzymes
responsible for the cleavage of LC3, thus promoting the
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Figure | The expression profiles of IncRNA KCNQIOTI in colon cancer patients and the correlation with prognosis.
Notes: (A) The expression levels of KCNQIOTI in colon cancer tissues and corresponding adjacent tissues were detected by qRT-PCR. **P<<0.01. (B) The expression
levels of KCNQIOTI in the tumor tissues of stage I/ll and stage lIl/IV patients. ***P<<0.0001. (C) The fold changes of KCNQIOT]! expression level in each patient were
measured. (D) Kaplan—Meier curves of overall survival and log-rank test of patients with low and high KCNQIOT | expression levels. *P<<0.05. (E) HCT | | 6 and SW480 cells
were transfected with KCNQIOT]I siRNA and negative control, and then the cell viability assay was conducted with different concentrations of L-OHP. *P<0.05. (F and G)
The apoptosis rates of colon cancer cells were measured by flow cytometry. *P<<0.05 and ***P<<0.0001. Data are presented as mean + SEM.

Abbreviations: L-OHP, oxaliplatin; IncRNA, long non-coding RNA; PI, propidium iodide; qRT-PCR, quantitative real-time PCR; ns, not significant.

formation of autophagosome." It showed that KCNQ1OT]1
knockdown unexpectedly downregulated the expression of
Atg4B in both HCT116 and SW480 cells. In addition, we
show that KCNQ1OT1 knockdown significantly decreases

Table | The Cox’s proportional hazards analysis of the overall survival in colon cancer patients

the number of cells with GFP-LC3 green fluorescence punc-
tate (Figure 2C).

To further verify the relationship between KCNQ1OT1
and Atg4B in the chemoresistance of colon cancer, it is

Characteristics Univariate analysis Multivariate analysis

HRs 95% ClI P-values HRs 95% ClI P-values
Gender 1.068 0.416, 2.746 0.891 0.570 0.134,2.428 0.448
Age (years) 0.961 0.892, 1.036 0.301 1.020 0919, 1.133 0.708
Tumor size 1.569 1.158,2.126 0.004** 1.551 0.563, 4.272 0.396
Tumor stage (Dukes) 0.245 0.072, 0.835 0.025* 0.004 0.000, 0.255 0.009**
Lymphatic metastasis 0.360 0.139, 0.934 0.036* 55.899 0.707, 4,422.065 | 0.071
Distant metastasis 0.276 0.087, 0.873 0.028* 5.365 0.285, 100.896 | 0.262
KCNQIOTI expression levels 6.056 2.678, 13.694 0.000%** 5.581 1.173,26.562 0.031*

Note: *P<<0.05, ¥*P<<0.01, and ***P<<0.0001.
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Table 2 Correlation between KCNQIOTI expression and
clinicopathological features of colon cancer patients

Characteristics Low High P-values
KCNQIOTI | KCNQIOTI
(N=25) (N=20)
Gender 0.216
Male 7 10
Female 18 10
Age (years) 0.50
=50 20 14
<50 5 6
Tumor size (cm) 0.036*
<3 16 6
=3 9 14
Tumor stage (Dukes) 0.003*
I 18 5
I, Iv 7 15
Lymphatic metastasis | 7 15 0.003*
(es)
Distant metastasis 3 5 0.435
(ves)

Note: *P<0.05.

shown in Figure 2D that KCNQ1OT1 knockdown decreased
viable cells, whereas co-transfection with Atg4B over-
expression plasmid partially attenuated the proliferation
inhibition, compared with the pcDNA vector plasmid in
both HCT116 and SW480 cells. Meanwhile, the increased
cell apoptosis, induced by KCNQ1OT1 knockdown, could
also be partially reversed by Atg4B overexpression, com-
pared with the vector group in Figure 2E. These results
suggested that Atg4B played important roles in KCNQ1OT1-
induced protective autophagy and chemoresistance.

MiR-34a is the connection between
KCNQIOTI and Atg4B regulating

chemoresistance in colon cancer cells

Next, we will investigate the mechanisms of KCNQ10OT1
in regulation of Atg4B, as KCNQI1OT]I is a IncRNA that
could function as a competing endogenous RNA (ceRNA)
and sponging miRNA, and thus affecting the translation of
target genes. First, we searched the possible miRNAs that
could bind to the 3’-UTR of ATG4B in the databases of
mirBase, Targetscan, and miRDB. It showed that miR-34a
was discovered by all the three databases. Figure 3A shows
that miR-34a could bind to the 3’-UTR of Atg4B in the
266-273 nucleotides. To further verify the regulation of
Atg4B, we transfected colon cancer cells with miR-34a
mimic and miR-34a inhibitor. It showed that miR-34a mimic
downregulated Atg4B expression levels whereas miR-34a

inhibitor upregulated Atg4B expression (Figure 3B). In addi-
tion, luciferase reporter assay was used to further ascertain
the binding affinity between miR-34a and Atg4B 3’-UTR.
It showed that miR-34a mimic transfection could decrease
the luciferase activity in the wild-type sequence, but not in
the mutant sequence (Figure 3C).

Meanwhile, we investigated whether KCNQ1OT1 could
also bind to miR-34a, thus sponging miR-34a. Using DIANA-
LncBase software,? we found two putative miR-34a binding
sites with the highest binding scores (KCNQ1OT1-1 and
KCNQI1OT1-2, Figure 3D). To guarantee that miR-34a
is a functional target of KCNQI1OTI1, we transfected
KCNQ10T1-specific siRNAs in colon cancer cells, showing
that the expression levels of miR-34a were increased in both
HCT116 and SW480 cells, compared with siNC (Figure 3E).
Moreover, luciferase reporter assay was conducted to verify
the binding affinity of the two binding sites in the sequence of
KCNQIOTL. It was demonstrated in Figure 3F that the two
binding sites functioned in combination with the sequence of
miR-34a, with high affinity to KCNQ1OT1-1. Since miR-34a
functions as the bridge between KCNQ1OT1 and Atg4B,
we then investigated whether miR-34a transfection would
affect the chemosensitivity of colon cancer cells to L-OHP.
It is shown in Figure 3G that transfection of miR-34a mimic
decreased the cell viability while transfection of miR-34a
inhibitor increased the cell viability upon L-OHP treatment,
compared with miR-NC in both HCT116 and SW480 cells.
As to the apoptosis rates, it is also shown in Figure 3H that
miR-34 mimic transfection enhanced the apoptosis whereas
miR-34a inhibitor transfection suppressed apoptosis in colon
cancer cells. These results indicated that miR-34a functioned
downstream of KCNQ1OT1 and regulated the expression of
Atg4B. Then, we needed to further verify the existence and
the role of KCNQ1OT1/miR-34a/Atg4B axis in the chemo-
resistance of colon cancer cells.

KCNQIOT I/miR-34a/Atg4B axis
regulated the chemoresistance of colon

cancer cells in vitro and in vivo

To further verify the existence and possible functions of
KCNQ10T1/miR-34a/Atg4B axis in colon cancer, we
co-transfected KCNQ1OT1 siRNAs with miR-34a NC or
inhibitor. It is shown in Figure 4A and B that upon transfec-
tion with KCNQ1OT1 siRNA to downregulate its expres-
sion levels, transfection with miR-34a inhibitor increased
the cleavage of LC3, upregulated the expression of Atg4B,
and suppressed the cleavage of PARP, compared with
miR-NC, in both HCT116 and SW480 cells. Moreover, cell
viability assay was performed, elucidating that the increased
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Figure 2 The effects of KCNQIOTI on L-OHP-induced protective autophagy and Atg4B expression levels in colon cancer cells.

Notes: (A) HCT116 and SW480 cells were treated with L-OHP with the absence and presence of autophagy inhibitor 3-MA or CQ, and then the expression levels of
PARP and LC3 were detected by Western blot, with GAPDH as a loading control. *P<<0.05, **P<<0.01, and ***P<<0.0001. (B) HCT| 16 and SW480 cells were transfected
with siKCNQIOTI and treated with 10 umol/L L-OHP for 24 h, and then Western blot was performed. ¥*P<<0.05, **P<<0.01, and ***P<<0.0001. (C) HCT 16 and SW480
cells were treated with GFP-LC3 plasmid and then 10 umol/L L-OHP was added. After treatment, cells were observed in the fluorescence microscope. (D) HCT1 16 and
SW480 cells were co-transfected with siNC/siKCNQIOT | and pcDNA/pcDNA-Atg4B plasmids, and then cell viability assay was performed as above. *P<<0.01 and **P<<0.01.
(E) HCT 116 and SW480 cells were treated as shown in (D), and then the apoptosis rates were measured by flow cytometry. *P<<0.05 and **P<<0.01.

Abbreviations: CQ, chloroquine; L-OHP, oxaliplatin; 3-MA, 3-methyladenine; ns, not significant.

sensitivity of colon cancer cells to L-OHP by KCNQ1OTI1
siRNA transfection was partially attenuated by the addition
of miR-34a inhibitor (Figure 4C). In addition, we show
that miR-34a transfection could also suppress the increased
apoptosis rates upon KCNQ1OT1 knockdown (Figure 4D).
These results indicated that KCNQ1OT1/miR-34a/Atg4B

axis functioned in the chemoresistance of colon cancer cells
to L-OHP in vitro.

Furthermore, we used the xenograft tumor model to
demonstrate the role of KCNQ1OT1/miR-34a/Atg4B axis
in chemoresistance of colon cancer in vivo. It showed that
knockdown of KCNQ1OT1 in colon cancer cells significantly
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Figure 3 The mechanisms of miR-34a functioning as the connection between KCNQIOT| and Atg4B.

Notes: (A) Predicted binding site of miR-34a on the 3"-UTR of Atg4B mRNA base in the Targetscan database. (B) Western blot analysis was conducted to detect the
expression levels of Atg4B, transfected with miR-34a mimic and NC. N=3, *P<<0.05 and ***P<<0.0001. (C) Double luciferase reporter assay results of the interaction between
miR-34a and the 3’-UTR of Atg4B mRNA. N=3, *P<0.05. (D) Predicted miR-34a binding sites in KCNQIOTI sequence based on the DIANA-LncBase analysis. (E) The
expression level of miR-34a was measured by qRT-PCR after being transfected with KCNQIOT | siRNA for 48 h. N=3, *P<<0.05 and **P<<0.01l. (F) The double luciferase
reporter assay experiments investigating the binding affinity of miR-34a to KCNQIOT]I. *P<<0.05 and **P<<0.01. (G) Cell viability assay of miR-34a mimic or inhibitor on
colon cancer cells. N=3, #P<<0.05. (H) HCT | 16 and SW480 cells were treated as shown in (G), and then apoptosis rates were measured using flow cytometry. N=3, *P<<0.05

and *P<0.01.

Abbreviations: L-OHP, oxaliplatin; qRT-PCR, quantitative real-time PCR; ns, not significant.

decreased the xenograft tumor volume, compared with
siNC, using both HCT116 and SW480 cells (Figure 4E).
Meanwhile, the expression levels of miR-34a were increased
upon KCNQ1OT1 knockdown in the xenograft tumor tissues
(Figure 4F). The cleavage of PARP was increased whereas
the cleavage of LC3 was decreased, with the downregula-
tion of Atg4B upon L-OHP treatment (Figure 4G and H).
These data further proved that KCNQ1OT 1-mediated che-
moresistance to L-OHP was due to sponging miR-34a and
upregulation of Atg4B-induced autophagy.

Discussion

The chemoresistance of colon cancer to L-OHP treatment has
been studied extensively. In this study, we show that IncRNA
KCNQI1OT1 was upregulated in tumor tissues compared
with adjacent tissues. High KCNQ1OT1 expression levels
indicated poor prognosis in colon cancer patients. Further-
more, KCNQ1OT!1 knockdown decreased the cell viability
and increased the apoptotic cells upon L-OHP treatment.
In addition, it was shown that KCNQ1OT1-induced protective
autophagy by upregulating a key enzyme Atg4B. In detail,
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Figure 4 The effects of KCNQIOT I/miR-34a/Atg4B axis in regulating the sensitivity of colon cancer cells to L-OHP in vitro and in vivo.

Notes: (A and B) HCT 116 and SW480 cells were cotransfected with siNC/siKCNQIOTI and miR-34a NC/miR-34a inhibitors for 24 h, and then L-OHP was added and
Western blot performed. N=3, *P<<0.05, **P<<0.01, and ***P<<0.0001. (C and D) Colon cancer cells were treated as shown in (A), and then the cell viability and apoptosis
rates were measured by CCK-8 and flow cytometry. *P<<0.05. (E) HCT 116 and SW480 cells were pre-transfected with KCNQIOTI siRNA or siNC, and then the cells
were injected subcutaneously to build the xenograft tumor model. *¥P<<0.01 and ***P<<0.0001. (F) The expression levels of miR-34a were measured by qRT-PCR in xenograft
tumor. *P<<0.05 and **P<<0.01. (G and H) The expression levels of PARP, Atg4B, and LC3 were detected by Western blot in the xenograft tumor tissues, and the bands

were analyzed. ¥**P<<0.01 and ***P<0.0001.

Abbreviations: CCK-8, Cell Counting Kit-8; L-OHP, oxaliplatin; qRT-PCR, quantitative real-time PCR.

we demonstrated that miR-34a functioned as a bridge
between KCNQ1OT 1 and Atg4B, which could be sponged by
KCNQI1OT]1 and regulated the expression levels of Atg4B by
binding to the 3’-UTR region. We then proved the existence

of KCNQ10OT1/miR-34a/Atg4B axis in the chemoresistance

of L-OHP in colon cancer both in vitro and in vivo.
Autophagy has been considered as an important cyto-

protective process when cells experience outside stress, such
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as hypoxia, serum deprivation, toxicity, etc., to counteract
apoptosis. Generally, autophagy promotes tumor cell sur-
vival and decreases sensitivity to chemotherapy.’ Inhibition
of autophagy can sensitize tumors to both chemotherapy
and radiotherapy.?' Similar to the Atg8 system in yeast, the
C-terminal peptide of LC3 protein is cleaved by mammalian
Atg4 homologs, namely Atg4A, Atg4B, Atg4C, and Atg4D
in human. Atg4B is one of the human homologs of Atg4
enzymes that could cleave LC3 precursor to LC3-[; it has a
glycine residue at its C terminus and resides in the cytosol.
LC3-I could be further modified to LC3-II, which is thus
promoting the formation of double-membrane autophago-
some. Therefore, Atg4B functions as a key enzyme in the
process of autophagy.??? Furthermore, Atg4B has been
shown to participate in the chemoresistance in several cancer
types. It has been shown that Atg4B functions in the chemo-
resistance of prostate cancer, lung cancer, and breast cancer
cells.?*2¢ However, little is known about the role of Atgd4B
in colon cancer. In our study, we found that L-OHP-induced
protective autophagy could be partially attenuated by Atg4B
knockdown. miR-34a could bind to the 3’-UTR of Atg4B,
thus increasing the sensitivity of colon cancer cells to L-OHP.
In addition, the post-translational regulation of Atg4B has
been studied widely recently. It has been shown that phos-
phorylation of ATG4B at Ser-383 and Ser-392 increases its
hydrolase activity.?” Ni et al*® elucidated that AKT-mediated
phosphorylation of ATG4B enhances the Warburg effect
in hepatocellular carcinoma cells. Therefore, elucidating
the regulatory mechanisms of Atg4B might become a new
therapeutic target for cancer chemotherapy.

Currently, IncRNAs have been shown to function in
various cellular processes by multiple mechanisms.? More-
over, sponging miRNA as decoys, also known as ceRNAs,
has been studied recently as an important mechanism of
IncRNA regulating gene expression. In our study, we show
that IncRNA KCNQ1OT1 could sponge miR-34a, thus regu-
lating the key enzyme Atg4B and the autophagic activities.
IncRNA KCNQ1OT]1 has been shown to be an imprinting
gene that is associated with the occurrence of Beckwith—
Wiedemann syndrome and related tumor development.'>3
Recently, KCNQ1OT]1 has been shown to be linked with the
tumorigenesis and chemoresistance. Zhang et al*! showed
that KCNQ1OT]1 regulated proliferation and cisplatin
resistance in tongue cancer via miR-211-5p-mediated Ezrin/
Fak/Src signaling. Meanwhile, knockdown of IncRNA
KCNQI1OT]1 depressed chemoresistance to paclitaxel in lung
adenocarcinoma.' In our study, we found that KCNQ1OT]1
expression levels were correlated with the prognosis of colon
cancer patients. Moreover, we show that miR-34a is a new

target of KCNQ1OT1, whereas KCNQ1OT1 could partially
sensitize colon cancer cells to L-OHP treatment by inhibiting
protective autophagy and enhancing apoptosis.

MiRNA-34a belongs to the miRNA-34 family, which
controls the expression of a plethora of target proteins
involved in cell cycle, differentiation, apoptosis, and antago-
nizes processes that are necessary for basic cancer cell viabil-
ity and cancer stemness, metastasis, and chemoresistance .’
MiR-34a acts as a tumor suppressor in various cancer types,
and emerging evidence have shown that miR-34a-based
replacement therapy is a promising approach in cancer treat-
ment.3*3° As to the role of miR-34a in cancer treatment, it
has been shown that miR-34a functioned by antagonizing
multidrug resistance of colon cancer.’’” For example, in the
5-FU-resistant cell line DLD-1/5-FU, mature miR-34a trans-
fection attenuated 5-FU resistance and inhibited growth in
the parental cells.*® MiR-34a decreased multidrug resistance
and inhibited migration and invasion in colon cancer cells.>**
However, in several studies, miR-34a has also been shown to
function by enhancing chemoresistance.’’ It was shown that
inhibition of miR-34a sensitized docetaxel-resistant MCF-7
cells to the cytotoxic effects of docetaxel in drug-sensitive
MCEF-7 cells, which is correlated with the dysregulated cell
cycle arrest.*! In another controversial study, miR-34a was
downregulated in RPMI2650CR cell line and tumor tissues
of patients with sinonasal squamous cell carcinomas, while
a significant correlation existed between decreased miR-34a
expression and poor prognosis.*’ In our study, it was shown
that miR-34a mimic transfection could enhance the chemo-
sensitivity of colon cancer cells to L-OHP. Therefore, it is
critical to fully understand the functional role of miR-34a,
particularly its cancer-specific functions, through more
mechanistic and detailed studies.

MiR-34a has also been shown as a prognostic marker
in cancer patients.** Several studies showed miR-34a as a
tumor suppressor and indicated good prognosis.*“¢ However,
controversies also existed. It has been demonstrated that
miR-34a overexpression indicated poor prognosis in colon
cancer patients.’*® Also, low levels of miR-34a are positive
prognostic factors in human hepatocellular and advanced
serous ovarian carcinoma.® In our study, we did not further
analyze the prognostic role of miR-34a in the survival
results of colon cancer patients. Altogether, in our study,
we found that IncRNA KCNQIOT]1 could directly bind to
and sponge miR-34a, thus decreasing the levels of miR-34a
and influencing the chemosensitivity of colon cancer cells
to L-OHP. Therefore, we elucidated a new mechanism that
the KCNQ1OT1/miR-34a/Atg4B axis modulated chemo-
sensitivity of colon cancer to L-OHP; besides, targeting this
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axis might provide new insights into the chemotherapy of
colon cancer.

Conclusion

IncRNA KCNQIOT1 promoted the chemoresistance of
colon cancer by sponging miR-34a, thus upregulating the
expressions of AtgdB and enhancing protective autophagy.
KCNQIOT1 might become a promising target for colon
cancer therapeutics.
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Table S| Primers used for gRT-PCR

Genes Forward (5'-3') Reverse (5’-3")

KCNQIOTI ACTCACTCACTCACTCACT CTGGCTCCTTCTATCACATT
GAPDH TCTCTGCTCCTCCTGTTC GTTGACTCCGACCTTCAC
miR-34a GTGTCTTAGCTGGTTGTTG TACTTGCTGATTGCTTCCT
ué GCTTCGGCAGCACATATACT AACGCTTCACGAATTTGCGT

Abbreviation: qRT-PCR, quantitative real-time PCR.

Table S2 Primers used for luciferase reporter assay

Genes Forward (5'-3') Reverse (5’-3")

KCNQIOTI-I CGGAATCCAGGAATTGAACTCAGC GCTCTTGATTGCACTGTGGTCTG

KCNQIOTI-2 CGGAACTAGGAATCCAACTTACAAGG GCTCTTGAAGAAAGTCATTGGTAGC

Atg4B CTAGCTACTCTGACCTACGACACT CCGCTCGTTGAGGACGCTGAAGTA
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