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miR-770-Sp modulates resistance to methotrexate in human
colorectal adenocarcinoma cells by downregulating HIPK1
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Abstract. Colon cancer is one of the most common types of
cancer worldwide. Methotrexate (MTX) is a chemotherapy
drug used for the treatment of multiple types of cancer, such as
colon and breast cancer. To determine the effects of MTX treat-
ment on colorectal adenocarcinoma cell lines, a microRNA
(miRNA) microarray was used to detect miRNA expression
profiles of HT-29 colorectal adenocarcinoma MTX-resistant
cells and their parental cells. The results demonstrated that
641 genes and 43 miRNAs were differentially expressed
between HT-29 MTX-sensitive cells and MTX-resistant cells.
In addition, 12 miRNAs and their co-expressed genes were
highly correlated in MTX treatment, and one of the identified
miRNAs, miR-770-5p, was studied in subsequent experiments.
Upregulation of miR-770-5p significantly decreased the sensi-
tivity of HT-29 cells to MTX. Using bioinformatics software,
homeodomain-interacting protein kinase 1 (HIPKI1) was
identified to be a putative target gene of miR-770-5p, which
was confirmed by a luciferase reporter assay. Downregulation
of miR-770-5p target gene HIPK1 significantly decreased the
sensitivity of HT-29 cells to MTX. These results suggest that
miR-770-5p may be involved in the regulation of colon cancer
resistance to MTX by regulating the expression of the target
gene HIPK1.

Introduction

Methotrexate (MTX) is one of the most commonly used
drugs for maintenance therapy in multiple diseases such as
cancer (including colon, breast and lung cancer), autoim-
mune diseases, acute lymphocytic leukemia, rheumatoid
arthritis and ectopic pregnancy (1-5). In cancer treatment,
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Rajagopalan et al (6) reported that MTX functions by inhib-
iting dihydrofolate reductase, whereas in acute lymphocytic
leukemia, MTX exerts its effects through the interaction with
folic acid (7). These results suggested that MTX may exhibit
different functional mechanisms in different diseases. Colon
carcinoma is one of the most common types of cancer in the
United States of America and worldwide (8). Multiple treat-
ment methods including chemotherapy, radiotherapy and
surgery are used in the treatment of colon cancer (9-11). MTX
treatment or combined MTX treatment contributes an impor-
tant part in chemotherapy in colon cancer (12). Therefore, the
mechanism of MTX function in colon cancer is a challenging
yet important question in the treatment of colon cancer.

MicroRNAs (miRNAs) are short RNAs that contain ~22
nucleotides and regulate ~30% of human genes by targeting
their 3'-untranslated region (3'UTR), which serve essential
regulatory roles in the tumorigenesis and tumor develop-
ment of multiple types of cancer, including colon cancer (13).
Several studies have described the function of MTX in the
treatment of colon cancer (14,15) or protein targets of MTX
in colon cancer; however, a limited number of reports focused
on the mechanism of MTX effects at the co-expressed protein,
miRNA and network levels.

The present study aimed to investigate the mRNA and
miRNA profiles of colon carcinoma using HT29-derived cell
lines to explore the MTX-associated mechanisms of action
in colon carcinoma. miR-770-5p and its target gene home
domain-interacting protein kinase 1 (HIPK1) were identified,
and their role in the MTX resistance in colon cancer was studied.

Materials and methods

Cell culture. The human colorectal adenocarcinoma
HT-29 cell line was purchased from the Cell Bank of Type
Culture Collection of Chinese Academy of Sciences. HT-29
MTX-resistant cells were successfully established from the
parental HT-29 cell line by exposing HT-29 cells to gradually
increasing concentrations of MTX (Sigma-Aldrich; Merck
KGaA). HT-29 MTX-resistant cells were first adapted to grow
in the presence of 1x10¥mol/l MTX. MTX treatment was then
performed by exposure to stepwise increasing concentrations
of MTX for 6 months. MTX-resistant clones were maintained
with 10°mol/l MTX. The half-maximal inhibitory concen-
tration (ICs,) of MTX in WT HT-29 cells was 3.1x10° and
1.0x10° mol/l in the MTX-resistant HT-29 cells.
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HT-29 cells and HT-29 MTX-resistant cells were cultured
in RPMI-1640 (Gibco; Thermo Fisher Scientific, Inc.) medium
containing 10% fetal bovine serum (HyClone; GE Healthcare
Life Sciences), 2 mM L-glutamine, 10 ng/ml epidermal growth
factor (Shanghai PrimeGene Bio-Tech Co., Ltd.), 100 U/ml
penicillin and 100 pg/ml streptomycin (Invitrogen; Thermo
Fisher Scientific, Inc.) at 37°C with 5% CO,. The medium of
HT-29 MTX-resistant cells contained 1 yg/ml MTX.

miRNA and mRNA co-expression analysis. Cells from 3
separate cultures of both the HT-29 MTX sensitive and MTX
resistant cell lines were selected for gene and miRNA expression
profile analysis. Microarray data were downloaded from the
Gene Expression Omnibus (GEO) database (http:/www.ncbi.
nlm.nih.gov/geo), which comprised 6 RNA microarray samples
(GSE11440) and 6 miRNA microarray samples (GSE28547).
Data were downloaded and pre-processed, and differentially
expressed genes (DEGs) and miRNAs were identified using
R software (https://www.r-project.org). The Limma package
in R was used for differential gene and miRNA expression
analysis (16). Genes and miRNAs were considered differen-
tially expressed if their llog[fold change (FC)]I>1.2 and adjusted
P<0.05. Probes corresponding to multiple genes were removed
from the analysis results. When multiple probes corresponded
to the same gene, average values were calculated.

To evaluate the co-expression between mRNAs and
miRNAs, Pearson correlation coefficient in R software was
used. miRNA-mRNA expression pairs with correlation values
<-0.9 were used for further analysis, since miRNAs usually
serve a negative regulatory role on mRNAs. miRNA target
information was downloaded from miRTarBase database
(download date, February 17th, 2016) (17). Cytoscape soft-
ware (version 3.2.0; https://cytoscape.org/) (18) was used for
miRNA-mRNA co-expression network analysis. The network
work of each gene was calculated by counting the numbers of
upstream genes and downstream genes, which were expressed
in the form of in-degree and out-degree.

Prediction of miR-770-5ptarget genes. To search for the targets
of miR-770-5p, miRanda (http://www.mocrorna.org) (19),
TargetScan (http://www.targetscan.org/) (20) and miRWalk
(http://mirwalk.uni-hd.de/) (21) online databases were used.
The genes identified in =2 databases were considered as
targets of DE miRNAs.

Transfection with synthesized oligonucleotides. miRNA mimics,
miRNA inhibitor and negative control miRNA oligonucleotides
of miR-770-5p were obtained from Guangzhou RiboBio Co.
Ltd. The sequences were: miR-770-5p mimic, 5-UCCAGUACC
ACGUGUCAGGGCCA-3"; miR-NC mimic, 5-UCGCUUGGU
GCAGGUCGGGAA-3; miR-770-5p inhibitor, 5'-UGGCCC
UGACACGUGGUACUGGA-3'; and miR-NC inhibitor, 5'-CAG
UACUUUUGUGUAGUACAA-3". The small interfering RNAs
(siRNAs) targeting HIPK1 (genOFF™ h-HIPK1_1999A; cat.
no. SIGS0004714-1) were synthesized by Guangzhou RiboBio
Co. Ltd. HT-29 cells were cultured to ~70% confluence and
transfected with the indicated RNAs using Lipofectamine®
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) at a final
concentration of 100 nM. Cells were subjected to subsequent
experimentation 24 h following transfection.
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Construction of the reporter vector and site-directed muta-
genesis. The 3'UTR of HIPK1 was amplified from HT-29
cell cDNA by PCR. Total RNA was extracted from HT-29
cells using TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). cDNA was synthesized by using M-MLV
Reverse Transcriptase (Promega Corporation) with random
primers and dNTPs (Promega Corporation). The tempera-
ture protocol for the reverse transcription reaction consisted
of cDNA synthesis at 37°C for 60 min and termination at
80°C for 2 min. qPCR was subsequently performed with
GoTaq® Greeen Master Mix (Promega Corporation). Primers
for the amplification of HIPK1 3'UTR were as follows: Wild
type (WT) forward, 5-AATCTCGAGGAGGAGTCAAGC
CAATATTAAAT-3" and reverse, 5-TAAGCGGCCGCT
ATGGGCAGGAATGTC-3'"; mutant forward, 5'-AATCTC
GAGGAGGAGTCAAGCCAATATTAAAT-3' and reverse,
5'"TAAGCGGCCGCAATGTCCCCATCCATCCACTTT
TCTAC-3". The reaction conditions were as follows: Initial
denaturation at 95°C for 5 min, followed by 30 cycles of 95°C
for 30 sec and 60°C for 30 sec, and final extension at 72°C
for 10 min. The amplified products were cloned into the
Xhol and Notl sites of the psiCHECK-2 plasmid (Promega
Corporation).

Dual luciferase reporter assay. Luciferase reporter assays
were performed using the psiCHECK?2-3'UTR vector. Cells
were cultured to ~70% confluence in 48-well plates and
co-transfected with psiCHECK2-3'UTR + miR-770-5p
mimics or control mimics using Lipofectamine® 2000 for
24 h followed by the luciferase reporter assay using the Dual
Luciferase Assay System (Promega Corporation). Renilla
luciferase activity was normalized to firefly luciferase activity.
Cell lysates were subjected to luciferase activity measurement
according to the manufacturer's instructions.

RNA extraction and semi-quantitative reverse transcription-
polymerase chain reaction. Total RNA was extracted from
cultured cells using TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.). For detection of HIPK1 mRNA,
cDNA was synthesized using M-MLV Reverse Transcriptase
(Promega Corporation) with random primers (Promega
Corporation). The temperature protocol for the reverse tran-
scription reaction consisted of cDNA synthesis at 37°C for
60 min and termination at 80°C for 2 min. gPCR amplification
was subsequently performed with GoTaq® Green Master Mix
(Promega Corporation) using the following primers: HIPK1
forward, 5'-GCATCCTTTCCCGCCTAAGA-3' and reverse,
5'-"TACATGTGAACCCTCCGATTG-3"; GAPDH forward,
5-AGCCTTCTCCATGGTGGTGAA-3' and reverse, 5'-ATC
ACCATCTTCCAGGAGCGA-3'. The reaction conditions
were as follows: Initial denaturation at 95°C for 2 min, followed
by 30 cycles 95°C for 20 sec and 60°C for 30 sec, and final
extension at 72°C for 30 sec. The PCR products were subse-
quently subjected to 0.5 ug/ml ethidium bromide-containing
1% agarose gel electrophoresis. The products were visual-
ized using a digital gel image processing system (Tanon
6200 Luminescent Imaging Workstation; Tanon Science and
Technology Co., Ltd.). Semi-quantitative-PCR bands results
were further analyzed using the Image-Pro Plus 6.0 software
(Media Cybernetics, Inc.).
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Figure 1. Heat map representation of DEGs and miRNAs between MTX-sensitive and MTX-resistant HT-29 cell lines. (A) Heat map of DEGs between
3MTX-sensitive HT-29 cell lines and 3MTX-resistant HT-29 cell lines. The red color represents low mRNA expression level, and the blue color represents high
mRNA expression level. (B) Heat map representation of differently expressed miRNAs between MTX-sensitive HT-29 cell lines and MTX-resistant HT-29 cell
lines. The red color represents low miRNA expression level, and the green color represents high mRNA expression level. DEGs, differently expressed genes;

miRNA, microRNA; MTX, methotrexate.

Western blot analysis. Cells were lysed using RIPA lysis buffer
(Sigma-Aldrich; Merck KGaA) supplemented with protease
inhibitor (Invitrogen; Thermo Fisher Scientific, Inc.). The protein
concentration was then determined using a Bicinchoninic Acid
protein assay kit (Beyotime Institute of Biotechnology). Total
proteins (20-50 ug) were subjected to 10% sodiumdodecyl
sulfate-polyacrylamide gel electrophoresis and then transferred
onto Immobilon P membranes. The membranes were blocked
with TBS supplemented with 5% non-fat dry milk and 0.1%
Tween-20 for 1 hat room temperature prior to incubation with
primary antibodies against GAPDH (cat. no. HPA061280;
1:1,000; Sigma-Aldrich; Merck KGaA) and HIPK1 (cat.
no. ab90103; 1:1,000; Abcam) at 4°C overnight. Following incuba-
tion with horseradish peroxidase-conjugated secondary antibody
(cat. no. A0208; 1:500; Beyotime Institute of Biotechnology) at
room temperature for 1 h, and electrochemiluminescene western
blot substrate (Beyotime Institute of Biotechnology) was used for
the detection of protein expression. Densitometric analyzes of
the protein bands were performed using the Image-Pro Plus 6.0
software (Media Cybernetics, Inc.).

Cell proliferation assay. To examine cell proliferative ability,
cells were seeded at the density of 2,000 cells/well and trans-
fected with the indicated RNAs for 24 h as aforementioned.
Cell proliferation was evaluated using a Cell Counting Kit-8
(CCK-8) assay. Briefly, each well was supplemented with 10 ul
CCK-8 reagent and incubated at 37°C for 4 h. Optical density
was measured at 490 nm for each well.

Statistical analysis. All in vitro experiments were performed
in triplicate and the data presented were representative of 3

independent experiments. Numerical data are presented as
mean + standard deviation. The Student's t-test was used for
the statistical evaluation of the difference between two groups,
and one-way analysis of variance with appropriate Bonferroni
post-hoc test was performed for comparisons among =3 vari-
ables. Statistical analysis was performed using SPSS v.16.0
(SPSS, Inc.) statistical software. P<0.05 was considered to
indicate a statistically significant difference.

Results

Differential mRNA and miRNA expression profiles in
MTX-sensitive vs. MTX-resistant HT29-derived colorectal
adenocarcinoma cell lines. To explore the genes and miRNAs
associated with MTX treatment in colorectal adenocarcinoma
cell lines, DEGs and miRNAs between 3 MTX-sensitive
and 3 MTX-resistant cell lines were determined. A total of
641 genes and 35 miRNAs were differentially expressed
between MTX-sensitive and MTX-resistant cell lines,
including 305 up-regulated and 336 down-regulated genes
(Fig. 1; Tables I and II; Table SI), and 15 upregulated and 20
downregulated miRNAs (Tables III and I'V; Table SI).

Differentially expressed miRNA-associated co-expressed
genes and target gene networks. To further understand the
function of the differentially expressed miRNAs in the effects
of MTX in colon carcinoma, the co-expression and target
information between differentially expressed miRNAs and
DEGs was determined. A total of 12 miRNAs and 690 genes
were identified to be negatively co-expressed (Table SII). In
the miRNA-mRNA co-expression network, all 12 identified
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Table I. Top 10 upregulated DE genes (adjusted P<0.05) for MTX-resistant vs. MTX-sensitive cell lines as ranked by FC.

Gene symbol Genename logFC P-value adj.P-val
HAPLNI1 Hyaluronan and proteoglycan link protein 1 7.22 1.95x10* 2.49x1072
IGFBP7 Insulin-like growth factor binding protein 7 6.86 1.31x10°¢ 8.27x10°
EDIL3 EGF-like repeats and discoidin I-like domains 3 6.36 2.32x10* 2.80x1072
ATPOAPIL ATPase, H+ transporting, lysosomal accessory protein 1-like 5.85 1.76x10° 8.61x10°
CYBRDI1 Cytochrome b reductase 1 555 1.24x107 1.13x10?
GNG2 G protein subunit gamma 2 5.30 1.23x10° 1.13x10?
CD37 CD37 molecule 5.14 2.00x10* 2.79x1072
RASSFS8 Ras association domain family member 8 4.57 1.38x10* 2.54x10?
SOX8 SRY (sex determining region Y)-box 8 4.49 2.10x10* 2.82x1072
PPPIR14C Protein phosphatase 1 regulatory inhibitor subunit 14C 4.47 1.12x10* 2.37x10%

FC, fold change; adj. P-val, adjusted P-value.

Table II. Top 10 down-regulated differentially expressed genes (adjusted P<0.05) for MTX-resistant vs. MTX-sensitive cell lines

as ranked by FC.

Gene symbol Gene name logFC P-value adj. P-val
IF127 Interferon, alpha-inducible protein 27 -10.37 9.70x10® 5.30x10°
BST2 Bone marrow stromal cell antigen 2 -9.02 5.81x107 7.94x107
PRSS1 Serine protease 1 -7.62 1.98x10°¢ 8.61x10°
ARMCX4 Armadillo repeat containing X-linked 4 -6.62 1.05x10°¢ 8.61x10°
PSMB9 Proteasome subunitbeta 9 -6.55 6.20x10* 431x107
NETO2 Neuropilin and tolloid-like 2 -6.51 4.08x10* 3.46x102
MX1 MX dynamin like GTPase 1 -6.50 7.50x10* 4.58x1072
PDZK1IP1 PDZK1 interacting protein 1 -6.14 3.63x10* 2.55x10?
PLIN2 Perilipin 2 -5.88 6.93x10* 4.50x1072
IFITM1 Interferon induced transmembrane protein 1 -5.84 2.08x10° 1.33x1072

FC, fold change; adj. P-val, adjusted P-value.

Table III. Top 10 wupregulated differentially expressed
microRNAs (P<0.05) for MTX-resistant vs. MTX-sensitive
cell lines as ranked by FC.

Table IV. Top 10 down-regulated differentially expressed
microRNAs (P<0.05) for MTX-resistant vs. MTX-sensitive
cell lines as ranked by FC.

ID adj. P-val P-value logFC  Organism

hsa-miR-512-5p 049  1.07x102 8.75 Homo sapiens
hsa-miR-512-3p 0.57 3.08x10? 5.65 Homo sapiens
hsa-miR-130a 0.57 3.63x102 5.26 Homo sapiens
hsa-miR-513a-3p  0.57 3.89x102 5.11 Homo sapiens
hsa-miR-125b-2 049  1.04x102 4.68 Homo sapiens
hsa-miR-517a 057 2.65x102 4.46 Homo sapiens

ID adj. P-val P-value logFC  Organism

hsa-miR-199a-5p 049  9.38x10”° -9.21 Homo sapiens
hsa-miR-632 0.31  4.19x10° -6.31 Homo sapiens
hsa-miR-204 0.57 3.27x10° -6.08 Homo sapiens
hsa-miR-506 0.57 2.38x10?* -5.09 Homo sapiens
hsa-miR-302d 057  4.72x10? -4.86 Homo sapiens
hsa-miR-302a 0.57 4.30x10? -4.87 Homo sapiens

hsa, Homo sapiens; FC, fold change; adj. P-val, adjusted P-value.

hsa, Homo sapiens; FC, fold change; adj. P-val, adjusted P-value.

miRNAs were human miRNAs and were divided into two
co-expression groups of 5 and 7 miRNAs. The top 5 miRNAs
with the highest number of connections in the network were

Homo sapiens(hsa)-miR-770-5p, hsa-miR-29b-1, hsa-miR-552,
hsa-miR-505 and hsa-miR-224, whereas the top 5 genes
with the highest number of connections were Rho GTPase
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Figure 2. miRNA-770-5p promotes the proliferation of MTX-treated HT-29 cells. (A) PCR results of the measurement of miR-770-5p expression in HT-29
cells transfected with miR-770-5p mimics and mimic control. (B) PCR results of the measurement of miR-770-5p expression in HT-29 cells transfected with
miR-770-5p inhibitor or inhibitor control. (C) HT-29 cells were transfected with miR-770-5p mimic or mimic control for 24 h and treated with MTX for 5 days.
Cell viability was detected by Cell Counting Kit-8 assay. Results are presented as mean + standard deviation. "P<0.05 and “P<0.01. MTX, methotrexate;

miR, microRNA; PCR, polymerase chain reaction; CNT, control untreated.

activating protein 24, armadillo repeat containing X-linked 4,
epithelial stromal interaction 1, hyaluronan and proteoglycan
link protein 1 and Major histocompatibility complex, class I, B
(Table SIIT). miR-770-5p and its target gene were identified in
the miRNA-mRNA co-expression network, which suggested
that this miRNA and its target were co-expressed and highly
associated with MTX treatment.

miR-770-5p decreases drug sensitivity of HT-29 cells to MTX.
Cells were transfected with miR-770-5p mimic or miR-770-5p
inhibitor, respectively. Delivery of miR-770-5p mimic signifi-
cantly increased the expression level of miR-770-5p, whereas
the introduction of the miR-770-5p inhibitor decreased
miR-770-5p expression compared with their corresponding
RNA-transfected control cells (Fig. 2A and B). The viability
of HT-29 cells transfected with miR-770-5p mimic to
methotrexate was measured using a CCK-8 assay. The results
demonstrated that the viability of HT-29 cells transfected
with miR-770-5p mimic treated with MTX was significantly
increased compared with that in the control group, suggesting
that overexpression of miR-770-5p significantly decreased the
sensitivity of HT-29 cells to MTX (Fig. 2C).

HIPK] is a direct target of miR-770-5p in HT-29. Through
computational analysis, the 3'UTR of HIPK1 mRNA was
identified to contain binding sites for miR-770-5p. Position

2,359-2,365 of HIPK1 3'UTR was predicted to contain the
binding site of the miR-770-5p seed sequence (Fig. 3A). The
direct interaction between miR-770-5p and HIPK1 mRNA
was determined using a dual luciferase reporter assay. A dual
luciferase reporter vector containing the 3'UTR of HIPK1 was
introduced into HT-29 cells for detection of luciferase activity.
The results demonstrated that the luciferase activity was
significantly decreased in the experimental group transfected
with miR-770-5p (P<0.01; Fig. 3B). To verify the specificity
of the interaction between miR-770-5p and HIPK1 mRNA, a
luciferase reporter vector encoding HIPK1 3'UTR with specific
base pair mutations at 42-58 was constructed, and luciferase
activity was measured in HT-29 cells. No significant difference
in luciferase activity was observed in the experimental group
transfected with the mutated HIPK1 3'UTR reporter plasmid
(P>0.05; Fig. 3B). These results indicated that miR-770-5p
specifically bound the 3'UTR of HIPK1 mRNA.

miR-770-5p downregulates endogenous HIPKI expression
in HT-29. To investigate the regulation of endogenous HIPK1
expression by miR-770-5p in HT-29 cells, the mRNA and protein
expression levels of HIPK1 were analyzed by semi-quantitative
PCR and western blot analysis Compared with the negative
control group, an ~80% decrease in HIPK1 mRNA levels and
an 80% decrease in HIPK1 protein levels were observed when
HT-29 cells were transfected with the miR-770-5p mimic
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Figure 3. miR-770-5p downregulates endogenous HIPK1 expression in HT-29 cells. (A) Sites at 2,359-2,365 of the HIPK1 3'UTR were predicted to be the
potential binding sites of miR-770-5p by the MiRanda, MiRwalk, and TargetScan software. (B) PCR results of the measurement of HIPK1 mRNA expression
in HT-29 cells transfected with miR-770-5p mimics or mimic control. (C) Luciferase activity detected in miR-770-5p-transfected HT-29 cells co-transfected
with psiCHECK2-3'UTR or psiCHECK?2-3'UTR-mutation. (D) PCR results of the measurement of HIPK1 mRNA expression in HT-29 cells transfected with
miR-770-5p inhibitors or inhibitor control. (E) HT-29 cells were transfected with siRNA targeting HIPK1 or siRNA control for 24 h and treated with MTX for
5 days. Cell viability was detected by Cell Counting Kit-8 assay. (F) Western blot analysis of the protein expression levels of HIPK1 in HT-29 cells transfected
with miR-770-5p mimics or mimic control. (G) Western blot analysis of the protein expression levels of HIPK1 in HT-29 cells transfected with miR-770-5p
inhibitors or inhibitor control. Results are presented as the mean + standard deviation. *“P<0.01. MTX, methotrexate; 3'UTR, 3'-untranslated region; HIPK1,
homeodomain-interacting protein kinase 1; siRNA, small interfering RNA; miR, microRNA; WT, wild type; mut, mutant; hsa, Homo sapiens; CNT, control

untreated.

(P<0.01; Fig. 3C and E). By contrast, the expression levels of
HIPK1 mRNA and protein were increased by 2.6- and 2.2-fold,
respectively, when HT-29 cells were transfected with miR-770-5p
inhibitor (P<0.01; Fig. 3D and F). Although the number of
templates used was consistent, the digital gel image processing
system (Tanon) has an automatic exposure function, which auto-
matically adjusted the brightest bands to a certain fixed value.
Therefore, the mRNA expression levels of HIPK1 in control and
inhibitor-control would look different between the two groups of
data. These data suggested that endogenous HIPK1 expression
was negatively regulated by miR-770-5p in HT-29 cells.

Downregulation of the miR-770-5p target gene decreases
the sensitivity of HT-29 cells to MTX. HIPK1 siRNA was

transfected into HT-29 cells, and the CCK-8 assay was used to
detect the sensitivity of cells to MTX. The results demon-
strated that the sensitivity of HT-29 cells transfected with
HIPK1 siRNA to MTX was significantly decreased compared
with that of the control group (Fig. 3G).

Discussion

The present study focused on the miRNAs and mRNAs
associated with MTX treatment in the colorectal adeno-
carcinoma HT29 cell line and identified miRNAs and their
co-expressed genes that were associated with MTX sensitivity.
Zhang et al (22) previously demonstrated that miR-770-5p was
upregulated in the in vitro model of diabetic nephropathy (DN)
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and that it may promote the development of DN by regulating
podocyte apoptosis through targeting tp53 regulated inhibitor
of apoptosis 1. Another previous study revealed that miR-770
inhibits glioma cell proliferation and induces apoptosis through
the suppression of the Wnt/f-catenin signaling pathway by
targeting cyclin-dependent kinase 8, suggesting that miR-770
may serve a crucial role in glioma progression and may be used
as a potential novel target for glioma therapy (23). A recent
study demonstrated that when the expression of mir-770-5p is
inhibited, cell radiosensitivity is decreased, which suggested
that miR-770-5p may be a useful therapeutic target miRNA
that sensitizes tumors to radiation through negative regulation
of PBK (24). In addition, miR-770-5p expression is decreased
in patients with platinum-resistant malignancies, whereas the
overexpression of miR-770-5p in vitro decreased the survival
rate of chemoresistant cell lines following cisplatin treatment;
suggesting that miR-770-5p may therefore be a useful biomarker
for predicting chemosensitivity to cisplatin in patients with
ovarian cancer and improve the selection of effective personal-
ized treatment strategies (25). These 2 studies suggested that
miR-770-5p may serve a crucial role in the drug resistance
of tumors, which is consistent with the results of the present
study. The present study demonstrated that has-miR-770-5p
and its target gene HIPK1 were highly associated with MTX
treatment in HT-29-resistant cells, suggesting that it may serve
a role in modulating drug resistance. Therefore, miR-770-5p
was overexpressed using miRNA mimics in HT29 cells,
and the sensitivity of HT-29 cells to MTX was significantly
decreased.

miRNAs serve an important role in energy homeostasis,
particularly in intestinal homeostasis regulation, cell cycle,
apoptosis, cell migration, proliferation and neuron func-
tion (26-28). A recent study investigated the functional
involvement of maternally expressed 3 (MEG3) and its intron
miR-770-5p in Hirschsprung's disease (HSCR) progression
and identified the mechanism of pathophysiological roles
and the potential association between long non-coding (Inc)
RNA MEG3 and miR-770-5p, indicating that the IncRNA
MEG3/miR-770-5p/SLIT-ROBO Rho GTPase-activating
protein 1 pathway may serve important roles in the pathogen-
esis of HSCR (29). However, there are a limited number of
studies on the role of miR-770 in colon cancer. HIPK is one of
the 4 members of a closely associated serine/threonine kinase
family with similar structure and function (HIPK1 to 4).
HIPK1 regulates the activity of a broad range of transcrip-
tion factors (30-33). Rey et al (34) identified that HIPK1 is
significantly overexpressed in colorectal cancer and the level
of HIPK1 gradually decreased as tumor stage progressed.
However, the role of HIPK1 in colon cancer HT-29 cell
resistance to MTX remains unclear. In the present study, the
knockdown of HIPK1 in HT-29 cells significantly decreased
the sensitivity of cells to MTX, indicating that HIPK1 may
serve an important role in colon cancer HT-29 cell resistance
to MTX.

In conclusion, the present study demonstrated the regula-
tory association between miR-770-5p and HIPK1 in colorectal
adenocarcinoma cells and demonstrated that miR-770-5p
may regulate cell sensitivity to MTX, suggesting that the
miR-770-5p-HIPK1 regulatory axis may serve an important
role in colorectal adenocarcinoma cell MTX resistance.
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