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Abstract: Colorectal cancer (CRC) remains one of the deadliest diseases in the whole world. Cancer recurrence and
chemotherapeutic drug resistance limit the overall survival rate of patients with CRC. This study aimed to discover
the latent miRNAs and genes associated with oxaliplatin resistance in CRC cells. The study found that miR-1254
is upregulated in oxaliplatin-resistant CRC cell line HCT116-R compared with its parental cell line HCT116 by tran-
scriptome sequencing and small RNA sequencing. Meanwhile, MEGF6 (multiple EGF-like domains 6) was downregu-
lated in HCT116-R cells. Transient transfection of miR-1254 mimics significantly reduced cell apoptosis, increased
HCT116 tolerance to oxaliplatin, and enhanced MEGF6 expression. Furthermore, transfection of miR-1254 inhibitor
increased apoptosis, decreased HCT116-R tolerance to oxaliplatin, and reduced MEGF6 expression. In addition,
transient transfection of SIMEGF6 enhanced HCT116 cell resistance to oxaliplatin and reduced cell apoptosis. In
summary, MEGF®6 is a latent functional target of miR-1254 in regulating oxaliplatin resistance and apoptosis in hu-

man CRC cells, suggesting a potential therapeutic target for CRC.
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Introduction

Cancer imposes a tremendous burden on
society, especially in developing countries.
Colorectal cancer (CRC) is considered as the
commonest and serious malignancies world-
wide, and it currently ranks as the second
most common cancer among women (at
614,000 cases per year) and the third most
common cancer among men (746,000 cases
per year) [1]. The incidence rate of CRC is
increasing due to the increasing risk of popula-
tion growth, smoking, overweight, obesity and
lack of exercise. The prognosis of CRC has
gradually improved owing to multidisciplinary
and comprehensive treatment under its surgi-
cal treatment [2]. Sadly, the survival rate of
CRC patients is really low yet; about 25% of
patients have disseminated stage IV disease,
and 10%-15% of patients with the initial region-
al disease have transferred within 5 years
after the discovery of cancer [3, 4]. Current
research shows that the first-line drugs for the
cytotoxic treatment of metastatic colorectal

cancer (MCRC) comprise fluoropyrimidine com-
bine with oxaliplatin or together with irinotecan
[5]. However, many patients have no positive
response to combination therapy, which is
mostly due to chemotherapy resistance and
recurrence [6]. The recurrence was mainly due
to cells resistance to oxaliplatin. Therefore,
understanding the mechanisms of oxaliplatin
resistance will lay a foundation for the recogni-
tion of predicted biomarkers such as microRNA
(miRNA) in cancer cells.

MIiRNA generally refers to microRNA, which
have become the main regulatory factors in
the occurrence and development of human
cancer [7], including CRC [8]. There is con-
siderable evidence that abnormally expressed
miRNAs regulate the oncogenic mRNAs (target-
ing tumor suppressor genes), leading to cancer
cell dysfunction [9], such as cell proliferation,
apoptosis, differentiation, and migration [10].
In addition, miR-1254 dysregulation has been
reported in different types of cancer, and it has
been reported that miR-1254 accelerates
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breast cancer cell growth and suppresses
apoptosis [4]; furthermore, it may might inhibit
oral squamous cell carcinoma progression
[11], and suppresses non-small cell lung can-
cer (NSCLC) development in vivo [12, 13].
Moreover, miR-1254 overexpression can sup-
press gastric cancer cell proliferation, migra-
tion, and invasion [14]. An increasing number of
studies have linked miRNAs to anticancer drug
resistance [15]. Meanwhile, some miRNAs have
been contacted to 5-fluorouracil (5-FU) resis-
tance [16]. However, the functional relationship
between miR-1254 and oxaliplatin resistance
remains unclear.

To expound the relationship between miRNA
and oxaliplatin resistance, the study compared
the differentially expressed miRNAs and their
target genes in two types of CRC cells using
transcriptional sequencing and microRNA se-
quencing. Previous studies have concluded
that miR-1254 regulates some target genes in
some types of tumors. For example, miR-1254
accelerates breast cancer cell proliferation
and suppresses their apoptosis through the
regulation of p53 expression via RASSF9 [17];
furthermore, mutual regulation of miR-1254
in oral squamous cell carcinoma restrain epi-
thelial-mesenchymal transition-mediated me-
tastasis and tumor-initiating function by mito-
gen-activated protein kinase (MAPK) signaling
[18]. Besides, studies have indicated that miR-
1254 suppresses heme oxygenase-1 (HO-1)
expression to attenuate NSCLC growth [12].
However, we found MEGF6 (multiple EGF-like
domains 6) was regulated by miR-1254 in
CRC cells. As one of the MEGF family, homo
sapiens MEGF6 is touches in many known
diseases [19]. Moreover, MEGF6 controls
Purkinje cells adhesion and degeneration in
patients with hereditary ataxia [19, 20]. The
results of these previous studies indicate that
miRNAs and their target genes are potential
biomarkers of cancer development. Therefore,
it is necessary to explore how imbalanced miR-
NAs regulate drug resistance and other biologi-
cal characteristics of CRC.

The study explored the mechanism of action of
miR-1254 in CRC cells. We proved that miR-
1254 expression is upregulated in HCT116-R
cells. Furthermore, miR-1254 inhibition potent-
ly promotes CRC cell apoptosis and decreases
resistance to oxaliplatin. In particular, we dem-
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onstrated that MEGF6 was regulated by miR-
1254 and that knockdown of MEGF6 increases
CRC cell resistance to oxaliplatin and decreas-
es apoptosis. These results indicate that miR-
1254 represents a promising treatment target
for CRC therapy.

Materials and methods
CRC cell culture

Human CRC cell line HCT116 was derived from
the Cell Bank of the Chinese Academy of
Science (Shanghai, China). The cell was tested
and authenticated by the Cell Bank of Gene-
chem. Oxaliplatin-resistant cell line HCT116-R
was established from their parental cells by
gradually increasing concentration of oxaliplat-
in. HCT116 and HCT116-R were growing in
Roswell Park Memorial Institute (RPMI) 1640
medium (Gibco, Carlsbad, CA, USA) aided with
10% fetal bovine serum (FBS) (Gibco), 100 ug/
mL penicillin, and 100 pg/mL streptomycin
(Gibco). The cell was grown in a constant tem-
perature incubator filled with 5% CO, at 37°C.
HCT116-R cells were cultured in 10% FBS
RPMI1640 medium with oxaliplatin concentra-
tion of 10 pg/mL.

Cytotoxicity assay

HCT116 and HCT116-R cells were cultured in
a 96-well plate (Thermo Fisher Scientific,
Wilmington, DE, USA), respectively. Each cell
line has three replications. After incubation for
24 h, they were cultured in fresh medium con-
taining 0, 12.5, 25, 50, 100, 200, 400, 600,
800 and 1000 pg/mL concentrations of oxali-
platin for 24 h. Cell survival rate was detected
using the Cell Counting Kit-8 (CCK-8; Dojindo,
Kumamoto, Japan). Next, 10 yL CCK-8 was
supplemented to each well with 90 uL RPMI-
1640, followed by incubation for 2 h. Cell sur-
vival rate was tested by detecting the absor-
bance of each well at 450 nm [21]. The inhibi-
tion ratio was the ratio of apoptotic cells in
each group contrasted with the control group.

Transfection of miR-1254 and siRNA oligo

SiRNA and its control were obtained from
GenePharma Biotech (Shanghai, China) and
used to knockdown mRNA. The SiME-
GF6 sequences were MEGF6-Si-490 (sense:
5-GGAGAACCGUCUACUACAUTT-3’, antisense:
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5-AUGUAGUAGACGGUUCUCCTT-3’); MEGF6-Si-
1763 (sense: 5-GGAUGACUCCUUUGGCCAUTT-
3, antisense: 5-AUGGCCAAAGGAGUCAUCCTT-
3’); and MEGF6-Si-4599 (sense: 5-GCCACCU-
GUAACCUGGAUUTT-3’, antisense: 5-AAUCC-
AGGUUACAGGUGGCTT-3’). For SIMEGF6 nega-
tive control (NC), (sense 5-UUCUCCGAACG-
UGUCACGUTT-3’, antisense 5-ACGUGACACG-
UUCGGAGAATT-3’). The NC for miR-1254 mim-
ics (sense 5-UUCUCCGAACGUGUCACGUTT-3,
antisense 5-ACGUGACACGUUCGGAGAATT-3’)
and miR-1254 mimics (sense 5-AGCCUG-
GAAGCUGCAGCCUGCAGU-3’, antisense 5-UG-
CAGGCUCCAGCUUCCAGGCUUU-3’) were de-
signed and synthesized by GenePharma
Biotechand used for miRNA upregulation. NC
for miR-1254 inhibitor (5-CAGUACUUUUGU-
GUAGUACAA-3’) and miR-1254 inhibitor (5-
ACUGCAGGCUCCAGCUUCCAGGCU-3’) were de-
signed and synthesized by GenePharma
Biotech and used for miRNA downregulation.
These oligonucleotides were introduced into
CRC cells cultured in six-well plates using lipo-
some 2000 reagent (Invitrogen, Carlsbad, CA,
USA). After 48 h of incubation, the cell was
used for polymerase chain reaction (PCR) anal-
ysis or subsequent experiments.

RNA isolation and gRT-PCR

Extraction of total RNA from CRC cells was per-
formed according to the protocols provided by
the manufacturer (TRIzol reagent, Invitrogen).
To examine gene expression, the samples were
amplified with PCR by One Step SYBR
PrimeScript™ TMRT-PCR Kit 1l (Takara Bio,
Shiga, Japan). For miRNA detection, the sam-
ples amplified using the ABI ViiA™ 7 according
to the instructions by Mir-X miRNA gRT-PCR
SYBR Kit (Clontech Laboratories Inc. Takara
Bio, Japan). The cDNA was synthesized accord-
ing to the manufacturer’s instructions for the
reverse transcriptase kit (Takara, China). Then,
the mRNA expression level was normalized
using glyceraldehyde 3-phosphate dehydroge-
nase, whereas U6 as a control for miR-1254
expression levels.

Cell apoptosis analysis

The cell was cultured in 12-well plates (5x10°
cells/well), then transfected with miR-1254
mimics and its NC, miR-1254 inhibitor and
its NC, or SIMEGF6 and its NC to induce apop-
tosis. After 24 h of incubation at 37°C, different
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concentrations of oxaliplatin were used to
treat the cells for 48 h. Apoptosis (expressed
as a percentage) was tested using an Annexin
V-FITC/propidium iodide staining assay after
washing with phosphate-buffered saline via
flow cytometry. The experiments were per-
formed at least three times.

Western blot analysis

The cell was growing to about 80% in 6-
well plates, then transfected with miR-1254
mimics and its NC or miR-1254 inhibitor and
its NC, and SIMEGF6 and its NC. After these
specific treatments and washed with PBS
three times in a 6-well plate (Thermo Fisher
Scientific, Wilmington, DE, USA), cells were
lysed in 150 uyL RIPA buffer (Thermo Fisher
Scientific, Wilmington, DE, USA). Protein con-
centrations were tested by Pierce™ Rapid
Gold BCA Protein Assay Kit (Thermo Fisher
Scientific, Wilmington, DE, USA). Sodium dodec-
yl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) was used to isolated proteins; the
specific method is described in the earlier study
[24].

Small RNA and transcriptome sequencing
analysis

Three replication samples were collected from
HCT116 and HCT116-R for small RNA or tran-
scriptome sequencing [22]. Small RNA libraries
were constructed and sequenced on the
Illumina HiSeq platform. Sequencing analysis
identified 82 known miRNAs and 107 poten-
tially novel miRNAs. |log2FC|=1.5 and false
discovery rate (FDR)>0.005 were used as
screening criteria to screen differentially
expressed miRNAs. The transcriptome sequ-
encing library was generated using NEB Next
Ultra™ RNA Library Prep Kit for lllumina (NEB),
and 47,956 genes were identified, including
1679 known genes [23]. The original sequence
data of the sample was uploaded to the
Genome Sequence Archive (GSA) of BIG Data
Center in Beijing institute of Genomics (http://
bigd.big.ac.cn/). The accession number is
CRA001292.

Statistical analysis
All experiments were performed at least three

times. The study use SPSS version 18.0 (SPSS
Inc, Chicago, IL, USA) and GraphPad Prism
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Figure 1. HCT116 and HCT116-R cells were cultured in fresh medium con-
taining 0, 12.5, 25, 50, 100, 200, 400, 600, 800 and 1000 pg/ml oxalipla-
tin for 24 hours. The IC_, of HCT116 and HCT116-R cells was detected by
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— of this experiment showed
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CCK-8 kit and the drug resistance index was calculated.

(GraphPad Software, Inc., San Diego, CA, USA)
software for statistical analyses. The students’
t-test (double tail) was used for statistical eval-
uation. A p-value < 0.05 was considered a sig-
nificant difference.

Results

Oxaliplatin toxicity profile of HCT116 and
HCT116-R cell lines

The HCT116-R cell model was established by
the stepwise increasing method. The resis-
tance index of HCT116-R was determined.
CCK-8 kit was used to detect the number
of living cells at different concentrations. After
the CCK-8 solution reacted with cells for 2
hours, the OD value of CCK-8 was detected at
450 nm to obtain the cell survival rate. The
oxaliplatin toxicity profiles of HCT116 and
HCT116-R cell lines were assessed. The
50% inhibitory concentration values (IC ) of
HCT116 and HCT116-R cells were 21.87 and
107.1 pg/mL, respectively, and the resistance
index was 4.89 (P < 0.05) (Figure 1).

Screening of differentially expressed miRNAs
and genes

To investigate the potential mechanism of
oxaliplatin resistance, the small-RNA-Sequ-
ence analyses and RNA-Sequence of HCT116
and HCT116-R cells were analyzed. The re-
sults indicated that 189 miRNAs (Figure 2A,
2B) and 1671 genes (Figure 2C, 2D) [22]. Then
randomly selected 5 miRNAs and 5 genes to
check their differential expression by quanti-
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ge >1 or < -1, (P <0.05) and
FDR (gq) < 0.05. Some un-
known new genes and small
RNAs were not considered.
The candidate miRNAs and
potential target genes were
exhibited opposite expression
trends. Finally, we selected 7 miRNAs that were
downregulated and 4 miRNAs that were upreg-
ulated in HCT116-R by querying the functions
of miRNA and target genes (Tables 1, 2).

MiR-1254 overexpression enhanced oxalipla-
tin resistance

The differential expression of miR-1254 in vari-
ous tumors has been documented in previous
studies [24], miR-1254 expression was upregu-
lated in HCT116-R contrasted with in HCT116
cells, (Figure 3A). Regarding the role of miR-
1254 in CRC, it has been reported that miR-
1254 suppresses colon adenocarcinoma cell
migration. However, whether miR-1254 aff-
ects CRC oxaliplatin resistance has not been
investigated to date. Particularly, among the
upregulated miRNAs in HCT116-R cells, it was
noticed that miR-1254 was significantly upreg-
ulated in HCT116-R cells compared with
HCT116 cells. Therefore, the study regarded it
as the target. To examine the function of miR-
1254 in HCT116 cells, different concentrations
of miR-1254 mimics and its NC were trans-
fected into the colon adenocarcinoma cell line
HCT116. Finally, 40 uM miR-1254 mimics
were selected as the subsequent transfection
conditions (Figure 3B). Cell survival assays
were used to test the IC,, of oxaliplatin in
HCT116 cells by Cell Counting Kit-8 (CCK-8). As
expected, the IC,, of HCT116 cells increased
significantly after being transfected with 40
UM miR-1254 mimics contrasted with that of
NC (IC,, = 46.76 and 127.8 pug/mL, respective-
ly; **P < 0.01) (Figure 3C). The results of this
experiment indicated that miR-1254 overex-
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Figure 2. Identification of differentially expressed miRNAs/genes in small RNA-Seq/RNA-Seq data. A. Cluster dia-
gram of differentially expressed miRNAs. The columns represent different samples, and the rows represent different
miRNAs. The cluster is based on log10 (TPM + 1) value. Red indicates high expression miRNA, and green indicates
low expression miRNA. B. Volcano map of differentially expressed miRNA. Each point represents a miRNA, the ab-
scissa is the logarithm of the difference multiple of miRNA expression in the two samples; ordinate is the negative
logarithm of the error detection rate. C. Differential expression MA map, each dot represents a gene. The abscissa
is the logarithm of the mean expression amount in the two samples; the ordinate is the logarithm of the multiple of
gene expression difference between the two samples. B and C. The green dots represent down regulated differen-
tially expressed genes/miRNAs, red dots represent up-regulated differentially expressed genes/miRNAs, and blue/
black dots represent non differentially expressed genes/miRNAs. D. Cluster diagram of differentially expressed
miRNAs. Different columns represent different samples, and different rows represent different genes. The color
represents the level of gene expression in the sample, log10 (FPKM + 0.000001). E. Five miRNAs were randomly se-
lected to validate their differential expression using quantitative reverse transcription (qRT)-PCR and compare with
microRNA-seq results. F. Five genes were randomly selected to validate their differential expression using qRT-PCR
and compare with mRNA-seq results. Log2FC/RQ is the logarithm of the fold change or relative quantity to base 2.
Error bars represent the standard deviation (STDEV) of the gRT-PCR analysis (n = 3).

pression enhanced HCT116 cell resistance to decreased. In other words, the percentage of
oxaliplatin. Besides, flow cytometry was used apoptotic cells was reduced (Figure 3D).

to detect the influence of miR-1254 on HCT-

116 cell apoptosis. After 48 h of oxaliplatin Last, to examine whether miR-1254 affect
treatment (30 and 50 pg/mL), the apoptosis of other CRC cells in oxaliplatin resistance, the
HCT116 cells treated with miR-1254 mimics study used another CRC cell lines (LOVO). The
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Table 1. Primers of mRNAs used for quantitative real-time poly-
merase chain reaction (qRT-PCR)

mRNA 5’-Forward primer-3’ 5’-Reverse primer-3’

MEGF6  AGATGTGGACGAATGCCGAACC AGCGATGCCGAGTGATTGTGAG

FBLIM1  GGCCTCACTCATTGCAGACT TGTCTGTGGATGCCCCTTTC
CD163L1 GGGAATGTCAACACCGGGAA  GGCTTCACCTTGCCTTCCTAC
CREBBP CTCAGAGCCAGTTTCTGCCA GGTGACTGTGTCACTGGAGG

CTCF GGCTTCACCTTGCCTTCCTAC ~ TCCTCTTCCTCTCCCTCTGC

Table 2. Expression of 11 differentially expressed candidate
miRNAs in colorectal cancer cells

MiRNA FDR log2FC Regulated

hsa-miR-483-3p 4.6867E-06 -2.20032561859457 Down
hsa-miR-642a-5p  1.8056E-04 -1.68781419682841 Down
hsa-miR-1247-5p  4.0109E-04 -2.03822301098972 Down
hsa-miR-3158-3p  4.5863E-04 -1.37506200850894 Down
hsa-miR-151a-5p  4.8531E-04 -1.22775674500255 Down
hsa-miR-139-3p 5.4357E-04 -1.62603783557166 Down
hsa-miR-139-5p 9.5704E-04 -1.2444273831688 Down
hsa-miR-92a-1-5p  3.2123E-05 2.01266561204892 Up

hsa-miR-1254 2.2470E-04 1.70615911301397 Up
hsa-miR-212-5p 5.5935E-04 1.81023845875748 Up
hsa-miR-409-3p 6.3684E-08 2.55861025723854 Up

Note: False discovery rate (FDR) control is a statistical method used in multiple
hypotheses testing to correct for multiple comparisons. Fold change (FC) is a
measure describing how much a quantity changes going from an initial to a
final value. The Log2 fold-change (log2FC) is an estimate of the log2 ratio of
expression in a cluster to that in all other cells. A value of 1.0 indicates a 2-fold

restored oxaliplatin responsive-
ness compared with treated
with its NC (IC,, = 33.16 and
90.06 ug/mL, respectively; P <
0.001; Figure 4B). Moreover,
flow cytometry results suggest-
ed that after 48 h of oxaliplatin
treatment (30 and 50 pg/mL),
the apoptosis of HCT116-R cells
treated with miR-1254 inhibitor
was increased contrasted with
that of HCT116-R cells treated
with its NC. In other words, the
ratio of apoptotic cells increased
(Figure 4C). In a few words,
these results of these experi-
ments suggested that the in-
hibition of miR-1254 may recov-
er oxaliplatin responsiveness by
increased apoptosis in HCT116-
R cells.

MEGF®6 is regulated by miR-
1254 in CRC cells

To identify the relationship
between miR-1254 and MEGF®6,
MEGF6 expression was deter-
mined to be higher in HCT116
cells than in HCT116-R cells by
gRT-PCR and western blot

higher expression in the cluster of interest.

LOVO cells were transfected with miR-1254
mimics and its NC. The IC_ of LOVO increased
after miR-1254 mimics treatment showed by
drug sensitivity assay (40.03 and 69.71 g/
mL; P < 0.05; Figure 3E). This result is consis-
tent with HCT116 cell lines. To sum up, these re-
sults indicated that miR-1254 overexpression
reduces HCT116 cell apoptosis and enhances
CRC cells oxaliplatin resistance.

MIiR-1254 was significantly upregulated in
HCT116-R cells and inhibition of miR-1254
restored oxaliplatin responsiveness

To further confirm the role of miR-1254 in
oxaliplatin resistance, different concentrations
of miR-1254 inhibitor and its NC were trans-
fected into the colon adenocarcinoma cell line
HCT116-R cells. Finally, 40 yM miR-1254 in-
hibitor was selected as the subsequent trans-
fection conditions (Figure 4A). Later, drug sen-
sitivity assays were performed, indicating that
HCT116-R treated with miR-1254 inhibitor
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(Figure B5A, 5B). Then, gRT-PCR

and western blot were used to
explore the correlation between miR-1254 and
MEGF6. MiR-1254 inhibitor or mimics and their
NC were transfected into CRC cells. The re-
sults demonstrated that MEGF6 expression
was reduced after miR-1254 mimics treat-
ment compared with that after NC treatment
in HCT116 cells (Figure 5C, 5D). In contrast,
the mRNA and protein level of MEGF6 was
increased in HCT116-R cells with miR-1254
inhibitor treatment (Figure 5E, 5F). Besides,
several publicly available online databases
such as MiRanda and RNAhybrid were used in
the prediction and MEGF6 was considered as
a potential downstream target of miR-1254.
According to the results of the miRNA tar-
get gene website prediction (http://www.tar-
getscan.org/vert_72/), miR-1254 combined
with the 368-375 position of MEGF6 3'UTR
(Figure 5G), indicating that miR-1254 may
regulate MEGF6 expression through this site.
These results suggest that MEGF6 was modu-
lated by miR-1254.
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Figure 3. MiR-1254 overexpression enhanced the resistance of HCT116 to oxaliplatin. A. miR-1254 expression in
HCT116 and HCT116-R cells was analyzed by gRT-PCR. According to the expression level of miR-1254 in HCT116- R
cells, the expression of miR-1254 in HCT116-R cells was increased. B. Negative control (NC) and different concen-
trations (20 uM, 40 uM and 60 uM) of miR-1254 mimics were transfected into HCT116. The expression of miR-
1254 was detected by qRT-PCR. C. After transient transfection of miR-1254 and negative control (NC), HCT116 cells
were cultured in fresh medium containing O, 12.5, 25, 50, 100, 200, 400, 600, 800 and 1000 pg/ml oxaliplatin for
24 hours. The IC,, was detected by CCK-8 and calculated from the inhibition curves. D. miR-1254 mimics and nega-
tive control (NC) were transfected into HCT116 respectively. Under different concentrations of oxaliplatin (30, 50
ug/ml), the apoptosis rate of transfected cells decreased significantly after overexpression of miR-1254 compared
with NC group. E. miR-1254 mimics and negative control (NC) were transfected into HCT116 respectively. LOVO
cells were cultured in fresh medium with different concentrations oxaliplatin for 24 hours. The IC_. was detected by
CCK-8 and calculated from the inhibition curves. Each experiment was conducted at least three times. The error bar
represents the standard deviation (n = 3). **P < 0.01 and ***P < 0.001.
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Figure 4. MiR-1254 down expression restored oxaliplatin responsiveness in HCT116-R cells. A. Negative control
(NC) and different concentrations (20 uM, 40 uM and 60 uM) of miR-1254 inhibitor were transfected into HCT116-
R by lip2000. MiR-1254 expression was detected by qRT-PCR. B. After transient transfection of miR-1254 inhibitor
and negative control (NC), HCT116-R cells were cultured in fresh medium containing 0, 12.5, 25, 50, 100, 200,
400, 600, 800 and 1000 pg/ml oxaliplatin for 24 hours. The I050 was detected by CCK-8 and calculated from the in-
hibition curves. C. miR-1254 inhibitor and negative control (NC) were transfected into HCT116-R respectively. After
treated with different concentrations of oxaliplatin (30, 50 ug/ml), the apoptosis rate of transfected cells decreased
significantly after inhibition of miR-1254 compared with NC group. Each experiment was conducted at least three
times, n = 3. *P < 0.05 and **P < 0.01.

Knockdown MEGF6 enhanced oxaliplatin re- er knockdown MEGF6 regulated oxaliplatin
sistance resistance as the same as overexpression

miR-1254. We used specific SiRNAs oligo tar-
To further explore the relationship between geting human MEGF6 (SiR490, SiR1573, and
miR-1254 and MEGF®6, next, we explore wheth- SiR4955) and a control (Si-NC) to transfect
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Figure 5. MEGF6 is a target of miR-1254 in HCT116 cell lines. A. The expression levels of MEGF6 in HCT116 and
HCT116-R cells tested by qRT-PCR. B. The expression levels of MEGF6 in HCT116 and HCT116-R cells test by west-
ern blot. C. Relative quantity of MEGF6 was detection by qRT-PCR in HCT116 cells transfected with different con-
centrations (20 uM, 40 uM and 60 uM) of miR-1254 mimics and its negative control. D. Western blot was used to
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test the expression levels of MEGF6 in HCT116 transfected with 40 yM miR-1254 mimics and its negative control.
E. Relative levels of MEGF6 were detection by gRT-PCR in HCT116-R cells transfected with different concentrations
(40 uM, 80 uM and 120 puM) of miR-1254 inhibitor and its negative control. F. Western blot was used to test the
expression levels of MEGF6 in HCT116-R transfected with 120 uM miR-1254 inhibitor and its negative control. G.
Prediction binding sites of miR-1254 and MEGF6. Each experiment was performed in triplicate, n = 3 experiments.

*P <0.05, **P < 0.01, ***P <0.001.

HCT116 cells, in which MEGF6 expression was
higher than that in HCT116-R. According to
gRT-PCR analysis suggested that the finest
knockdown efficiency of MEGF6 was about
67% in HCT116 cells (Figure 6A), western blot
analysis suggested that the knockdown effi-
ciency of MEGF6 was about 51% in HCT116
cells (Figure 6B). CCK-8 analysis was per-
formed to determine the IC,, value of HCT116
cells, and the results demonstrated that IC,
of HCT116 cells treated with SIMEGF6 and Si-
NC were 71.31 and 26.07 yg/mL, respectively
(Figure 6C). In addition, after 48 h of oxali-
platin treatment (30 and 50 yg/mL), the apop-
tosis of SIMEGF6-treated HCT116 cells was
decreased compared with its NC. In other
words, the knockdown of MEGF6 in HCT116
cells declined the apoptosis percentage (Fi-
gure 6D). These results indicate that MEGF6
was associated with HCT116 cell resistance to
oxaliplatin.

Finally, to examine whether MEGF6 affect
other CRC cells in oxaliplatin resistance, the
LOVO cells were transfected with SIMEGF6
and its NC. The IC_, of LOVO increased after
knockdown MEGF6 treatment showed by drug
sensitivity assay (65.48 vs. 91.58 pg/mL; P <
0.05; Figure 6E). This result is consistent with
HCT116 cell lines. Besides, high MEGF6 ex-
pression reduces the overall survival rate of
CRC (Figure 6F), indicated that MEGF6 is asso-
ciated with prognosis. To sum up, these results
indicated that miR-1254 and MEGF®6 regulates
oxaliplatin resistance in CRC cells.

Discussion

The study results of all experiments showed
that the miR-1254 expression level is remark-
ably lower in CRC cells than in oxaliplatin-resis-
tant cells and that miR-1254 and MEGF®6 regu-
lates oxaliplatin resistance in human CRC
cells. Firstly, we screened miRNAs and mRNAs
differentially expressed between HCT116 and
HCT116-R cell lines by small RNA sequencing
and transcriptome sequencing. A total of 82
known miRNAs and 107 potentially novel miR-
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NAs. These differentially expressed miRNAs
targeted 47956 genes, including 1679 known
genes. We used |log2FC|>1.5 and FDR>
0.005 as the screening criteria and finally
obtained 13 miRNAs and 41 mRNAs. The func-
tion of the differentially expressed miRNAs
and mRNAs was annotated based on Gene
Ontology and Kyoto Encyclopedia of Genes and
Genomes analyses. Given these results, miR-
1254 was identified to be involved in a poten-
tial resistance mechanism. Last, we performed
gRT-PCR, western blot, and flow cytometry to
validate miR-1254 and MEGF6 mRNA expres-
sion, their relationship with drug resistance and
apoptosis was explored.

Oxaliplatin, which is first-line chemotherapy
drugs used for CRC, and it represents a rea-
sonably designed chemotherapeutic drug
based on tumors molecular biology. Resistan-
ce has been related to altered drug metabo-
lism, oncogenic signaling pathways bypass,
apoptotic cascades suppression, an enhanc-
ed DNA repair capacity, and other numerous
mechanisms. Furthermore, there are multiple
molecular mechanisms responsible for oxalipl-
atin resistance; one of them is the abnormal
miRNAs expression. Among the disparity
expressed miRNAs between the HCT116 and
HCT116-R cell lines, miR-1254 has been
reported to be a prospects cancer predictive
marker [14]. The mature sequence of hsa-
miR-1254 is as follows: AGCCUGGAAGCUGG-
AGCCUGCAGU. Several studies have been con-
ducted on the relationship between miR-1254
and drug resistance [18].

Previous studies have shown that miR-1254
inhibits cell proliferation and induces apop-
tosis in human breast cancer [17] and pro-
motes cell proliferation in lung cancer [24].
Consequently, we further analyzed the relation-
ship between miR-1254 expression and oxali-
platin resistance. We observed that miR-1254
expression was higher in HCT116-R than in
HCT116. Besides, our results showed that miR-
1254 knockdown increases sensitivity to oxali-
platin and induces apoptosis, whereas miR-
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Figure 6. Knockdown MEGF6 enhanced oxaliplatin resistance. A. Relative MEGF6 levels were analyzed by qRT-
PCR in HCT116-R cells after its different SIRNA (SIMEGF6-490, SIMEGF6-1753 and SIMEGF6-4599) treatments. B.
Western blot was used to test the expression levels of MEGF6 in HCT116 transfected with SIMEGF6-490 or NC. C.
CCK-8 was used to detect the drug sensitivity of the HCT116 cells transfected with SIMEGF6-490 or negative control
(NC). The IC,, of HCT116-R cells was calculated from the inhibition curves. D. SIMEGF6-490 and its NC were trans-
fected into HCT116 respectively. Under different concentrations of oxaliplatin (30, 50 pug/ml) treated, the apoptosis
rate of transfected cells decreased significantly after knockdown MEGF6 compared with NC group. E. SIMEGF6-490
and its NC were transfected into LOVO respectively, then cultured in fresh medium with different concentrations
oxaliplatin for 24 hours. The IC_, was detected by CCK-8 and calculated from the inhibition curves. F. High MEGF6
expression reduces the overall survival rate of CRC. Each experiment was performed in triplicate, n = 3 experiments.

*P <0.05, **P < 0.01, ***P <0.001.

1254 overexpression reduces sensitivity to
oxaliplatin and inhibits apoptosis. However, we
did not observe any influence of miR-1254 on
cell proliferation in this study. Studies have also
shown that miR-1254 is associated with CRC
cell migration.

However, drug resistance was, is, and remains
one of the key challenges in cancer treatment.
Research has indicated that miR-1254 mutual
with structured elements in cell cycle and
apoptosis regulator (CCAR1) 5’UTR; in this rela-
tionship, CCAR1 5’UTR, as a natural miRancer
of endogenous miR-1254, is related to tamoxi-
fen resistance in breast cancer cells [25, 27].
However, there are only a few studies that have
focused on drug resistance associated with
miR-1254, and there is little information about
the differential expression of miRNAs and
the role of drug resistance in CRC. In view of
this, according to sequencing results we found
that MEGF6 was regulated by miR-1254.
Subsequently, we used CCK-8 analysis and
found knockdown of miR-1254 decreased cell
resistance to oxaliplatin. Conversely, miR-1254
overexpression or MEGF6 knockdown increas-
ed cell resistance to oxaliplatin. These results
indicate that miR-1254 plays critical roles in
many aspects of tumor biology, such as cancer
cell proliferation, apoptosis, drug resistance,
and metastasis, and it influences MEGF6
action.

According to Hu et al. [20], the proteomic analy-
sis of skin growth factor receptor-interacting
shows that MEGF6 may affect cell growth and
migration in CRC [26]. Another study has sh-
own that MEGF6 is associated with epithelial-
mesenchymal transformation [26, 28]. These
reports indicate that MEGF6 could influence
the increase and migration of cells. However,
there are only a few studies on the function of
MEGF6 in drug resistance. This study found
that MEGF6 was downregulated in HCT116-R
cells compared with HCT116 cells, suggesting
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that MEGF6 is involved in CRC development
and is even associated with drug resistance.
Therefore, our investigation focused on the
function of MEGF6 in CRC. The paper found
that knockdown MEGF6 in HCT116 cells
decreases the apoptosis rate, as determined
via flow cytometry. Besides, we are the first
to confirm, using CCK-8 analysis, that knock-
down MEGF6 increases sensitivity to oxaliplat-
in. We observed that miR-1254 correlates with
cell apoptosis and oxaliplatin-based chemore-
sistance in HCT116 cells. To demonstrate
similar effects in other CRC cell lines, MEGF6
knockdown or miR-1254 overexpression was
used in LOVO cells; as expected, both of them
increased LOVO cell line resistance to oxa-
liplatin. Besides, miR-1254 combined with the
368-375 position of MEGF6 3'UTR, indicating
that miR-1254 may regulate MEGF6 expres-
sion through this site. In fact, previous studies
have indicated that increased miR-1254
expression can inhibit oral cancer invasion and
proliferation [11]. However, to date, there have
been only a few reports on the relationship
between miR-1254 and drug resistance or
apoptosis in CRC.

To sum up, we demonstrated for the first time
that miR-1254 knockdown increased sen-
sitivity to oxaliplatin and induced apoptosis in
vitro, which indicated an that miR-1254 and
MEGF6 were associated with oxaliplatin resis-
tance in CRC cells. This study may supply a
new insight into acquired resistance mecha-
nisms to oxaliplatin and shows a latent target
in CRC cells. The specific inhibition of miR-1254
expression may optimize oxaliplatin-based che-
motherapy for CRC in the future. However, the
molecular mechanism of miR-1254 in CRC and
its significance in clinical diagnosis and treat-
ment remain need to be elucidated.
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