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Restoration of miR-124 serves as a promising therapeutic approach in CRC
by affecting CDK6 which is itself a prognostic and diagnostic factor
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ABSTRACT

Background: Colorectal cancer is one of the most common cancers in the world. 5 Fluorouracil and Oxaliplatin are
two common chemotherapeutic agents are used in patients with CRC. miR-124 and CDK6 are two notable genes
that have been shown to play important roles in various cancers, including colorectal cancer.

Objective: In this study, we investigated the expression of miR-124 and CDK®6 in patients with colorectal cancer.
Then, the effect of miR-124 and chemotherapeutic drugs on CDK6 expression and cell viability was assessed in
the SW480 CRC cell line. Also, the relationship between miR-124 and CDK6 with the clinicopathological features
of the patients was evaluated.

Materials and methods: Materials and Methods: Colorectal cancer and its corresponding non-tumor tissues were
collected from 50 patients the relative expression of miR-124 and CDK6 was assessed by Real-Time PCR. The
relationship between the pathologic features of the patients and the target genes was also evaluated. In addition,
the relative expression of CDK6 in response to miR-124 and its combination with 5-FU and Oxaliplatin was
evaluated in the SW480 cell line by Real-Time PCR and Western blot analysis. Besides, the effect of miR-124 and
chemotherapeutic drugs on cell viability was determined by MTT assay.

Results: miR-124 was down-regulated in CRC patients while CDK6 was up-regulated in CRC tissues compared
with adjacent non-tumor healthy controls. In addition, CDK6 was significantly correlated with pathologic fea-
tures of patients including stage and differentiation. Moreover, CDK6 expression and cell viability were atten-
uated in response to miR-124, 5-FU, and Oxaliplatin in the SW480 cell line; however, the effect was prominent
when miR-124 was transfected with chemotherapeutic drugs.

Conclusion: The results of our study suggest that miR-124 reinforcement may act as a promising therapeutic
approach for CRC by affecting CDK6. Nevertheless, it may act as a supreme therapeutic method when combines
with chemotherapy drugs. Besides, CDK6 may be used as a diagnostic marker to determine the clinical outcome
of patients with colorectal cancer.

Abbreviations: CRC, Colorectal cancer; miR-124, microRNA-124-5p; CDK6, Cyclin-Dependent Kinase 6; 5-FU, Fluorouracil; RB, Retinoblastoma; BRAF, B-Raf
proto-oncogene, serine/threonine kinase; KLF4, Kruppel-like factor 4; HMGA2, High-mobility group AT-hook 2; TNM, Tumor-node-metastasis; CAPN2, Calpain 2.
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1. Introduction

Colorectal cancer (CRC) is one of the most common causes of cancer
death in the world. Almost 5% of the world’s population suffers from
CRC. Despite advances in the diagnosis and treatment of this cancer, it is
still the third most common cancer in the world. Early diagnosis of this
cancer can have a significant positive effect on the prognosis of CRC and
appropriate treatment (Akbari et al., 2019a; Tamjidifar et al., 2021; Azar
et al., 2021).

Both environment and genetics play an important role in the pro-
gression of colorectal cancer (Varambally et al., 2008; Akbari et al.,
2019b). However, environmental protection against colorectal cancer,
including the use of non-steroidal anti-inflammatory drugs such as
aspirin, daily intake of water, dietary fiber intake, and daily activity
should not be overlooked (DeSantis et al., 2016; Shiao et al., 2018; Nan
et al., 2015).

The role of environmental factors in the development of colon cancer
is more important than hereditary factors. The acquired form is caused
by the accumulation of mutations and genetic changes, including dele-
tion and single nucleotide polymorphism and epigenetic alterations such
as hypermethylation and hypo mutation of various types of genres such
as P53, BRAF, KLF4, and HMGA2 (Fearon, 2011; Shomali et al., 2020).

Current treatment for colorectal cancer is a combination of surgery,
radiation therapy, chemotherapy, and targeted treatment. Although
surgery is used for patients who have non-metastatic CRC, the patients
with metastatic CRC could not be directed to this kind of therapy.
Accordingly, it should be noted that surgery, especially in the early
stages, is known as the best therapeutic approach for CRC. In chemo-
therapy, a combination of oxaliplatin and 5-FU is the most common drug
which is used in most cancers (Garzon et al., 2010; Gustavsson et al.,
2015; Saidi et al., 2017).

Previous studies have shown that genome and protein analysis with a
focus on CRC molecular heterogeneity may be a viable way to identify
and develop new therapies. In this line, recent studies have revealed
microRNAs as effective factors in the further formation of cancers,
including CRC (Wu et al., 2010; lorio and Croce, 2012; Moridikia et al.,
2018).

microRNAs are small single-stranded non-coding RNAs that regulate
gene expression. They often bind to the 3-UTR (3-untranslated region)
region of their target genes and cause gene silencing either by mRNA
degradation or translational suppression (Shomali et al, 2019;
Mohammadi et al., 2018; Nabipoorashrafi et al., 2020; Alkafaji et al.,
2021). miRNAs have a significant role in a wide range of biological
processes, such that about 30% of human genes and genetic pathways
are adjusted by miRNAs (Azar et al., 2021; Shirafkan et al., 2018; Ali-
zadeh et al., 2020; Hemmatzadeh et al., 2020). There have been several
studies in cancer suggesting that miRNAs act as tumor inhibitors or
oncogenic microRNAs whose aberrant expression causes metastasis,
apoptosis, angiogenesis, and tumor growth (Alizadeh et al.,, 2019;
Vahidian et al., 2019; Azar et al., 2020).

miR-124 was first introduced as a specific brain miRNA, whose
function is to support and maintain neural activity. Pre-miR-124 is
expressed in the brain, cervix, pancreas, kidney, and muscle and can also
help maintain retinal cell properties. Practically several miR-124 target
genes have been identified, one of which is CDK6 (Wilting et al., 2010;
Sun et al., 2015; Sun et al., 2016; Gebauer et al., 2013; Gennarino et al.,
2012; Agarwal et al., 2015). CDK6 (cyclin-dependent kinase 6) is a
member of the serine-threonine kinase family that is involved in con-
trolling cell cycle progression (Malumbres, 2014). CDK6 along with
cyclin D in the phosphorylation of retinoblastoma protein (RB) partici-
pates in the transition of the G1 phase to the S phase of the cell cycle
(Santo et al., n.d.; Sherr et al., 2015).

In a newly published study, the researchers found that breast cancer
pathogenesis has a relation with CDK6-deficient mice, so it can be
concluded that CDK6 plays an important role in tumor pathogenesis
(Landis et al., 2006; Malumbres and Barbacid, 2009).
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Table 1
Clinicopathological features of patients.

Clinicopathological features No. of cases (%)

Gender

Male 29 (58)
Female 21 (62)
Age

<55 17 (34)
>55 33 (66)
Tumor location

Colon 36 (72)
Rectum 14 (28)
Lymph node metastasis

Negative 39 (78)
Positive 11 (22)
Tumor histology

Good 25 (50)
Intermediate 19 (38)
Poor 6(12)
TNM stage

1 20 (40)
i 15 (30)
11 9(18)
v 6(12)
Lymphatic invasion

Negative 38 (76)
Positive 12 (24)
Liver metastasis

Negative 44 (88)
Positive 6(12)
Venous invasion

Negative 48 (96)
Positive 2(4)
Tumor size

>3 18 (36)
<3 32 (64)

Since early detection of colorectal cancer improves patients’ sur-
vival, our aim in this study was to find new molecular markers involved
in the diagnosis and treatment of CRC. For this reason, the expression of
miR-124 and CDKG6 in colorectal cancer, as well as the effect of miR-124
and chemotherapeutic drugs on CDK6 expression and cell viability was
investigated in the SW480 cell line.

2. Material and methods
2.1. Colorectal cancer tissue samples

Colorectal cancer tissue samples containing tumor tissues and adja-
cent non-tumor tissues were gotten from surgical samples of patients
undergoing colorectal surgery at Emam Reza Hospital. After surgically
removing the tissues from the body they were frozen in liquid nitrogen
and maintained in a freezer with a temperature of minus 80. All 50
samples had no radiotherapy and chemotherapy history. The clinico-
pathologic features of the patients were summarized in Table 1.

2.2. Colorectal cancer cell line

SW480, human adenocarcinoma colorectal cancer cell line was ob-
tained from Pasture Institute (Tehran, Iran). The cell line was cultured in
RPMI-1640 medium enriched with 10% fetal bovine serum-containing
pen strep (100 IU/ml penicillin and 100 mg/ml streptomycin) (Gibco,
USA) and preserved in a humidified incubator containing 5% CO2 at
37 °C.
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Table 2
Primer sequences.
Gene Sequences
[8[) F: 5° CTTCGGCAGCACATATACTAAAATTGG 3’

R: 5° TCATCCTTGCGCAGGGG 3’
F: 5° CAAGATCATCACCAATGCCT 3’
R: 5° CCCATCACGCCACAGTTTCC 3’
CDK6 F: TTCAGCCCTGCAGGGAAAGAA
R: CTCCTCGAAGCGAAGTCCTCA
F: 5'- TAAGGCACGCGGTGAATG -3'
R: 5'- TGGTGTCGTGGAGTCG -3’

p-actin

miR-124

2.3. Transfection of miRNA, 5-FU, and oxaliplatin

According to manufacturer protocol, 10 nmol (optimum dose) of
miR-124 mimics (Microsyntyh Co, Vienna, Australia) were transfected
with a jetPEI reagent (Polyplus, Darmstadt, Germany) to SW480 cells in
an approximately 80% confluency. After a while, the medium was
replaced with an RPMI-enriched medium (20% FBS) and maintained for
48 h. Then, CRC cells were treated with miR-124 (as described above),
Ox (4.25 pmol/1), 5-FU (10 pmol/]), and their combinations and
cultured for 48 h.

2.4. Quantitative RT-PCR (qRT-PCR)

CDK6 and Beta-actin primers were purchased from (macrogne,
Korea) and miR-124 primer was purchased from Exiqon’s company;
sequences are shown in Table 2. We used the RiboEx RNA extraction Kit
(Geneall, Korea) to extract the total RNA according to the producer’s
protocol, following this process, a conventional PCR was done to syn-
thesis cDNAs for microRNA and mRNAs by cDNA synthesis kit (Exiqon,
Denmark). We used untreated cell lines as our control. Real-time PCR
was conducted by light cycler 96 (Roche, Germany) using SYBR Premix
Ex Taq. The mRNA level of Beta-actin was used as an internal control for
CDK6 and U6 was used for miR-124.

2.5. Western Blot

Briefly, after extraction of total protein by RIPA buffer (Santa Cruz
Biotechnology, Santa Cruz, CA), vertical electrophoresis was conducted
by the SDS-PAGE. Then, approximately 50 micrograms of total protein
were loaded into the gel. In the next step, blots were transferred to
polyvinylidene fluoride (PVDF) membranes (Roche, Germany) by a
semi-dry western blot transfer system (Bio-Rad). Tween-20 was then
used to block the membrane. Then, the membrane was incubated with
goat monoclonal antibody against CDK6 and Beta-actin (Santa Cruz,
CA). Subsequently, the membrane was incubated with rabbit and mouse

A

g
=)
1

-
a
1

*kkk

miR-124 gene expression
o -
13 o
1 1

0.0-

1
Margin

Tumor

Gene Reports 24 (2021) 101274

anti-goat secondary antibodies conjugated with HRP. Finally, the bands
were visualized by an ECL kit (Roche, Germany), and images were taken
by a blot imaging instrument (Sabz Co, Iran). The band intensity was
normalized to f-actin density.

2.6. MTT assay

Methyl-thiazol tetrazolium was used to determine the effect of miR-
124 transfection alone and in combination with 5-FU and Oxaliplatin on
cell viability. Briefly, after transfection of miR-124 and chemotherapy
drugs into the seeded cells in confluency of almost 80% in 96-well plates,
cell viability was measured after 48 h by MTT assay (Takara Bio, Japan)
according to the manufacturer’s protocol.

2.7. Statistical analysis

Statistical analysis was performed using Graph Pad Prism version
6.00 software to study the expression level of CDK6 and miR-124 in
tumor and non-tumor samples based on the Student t-test. The effect of
miR-124 and chemotherapeutic drugs on CDK6 expression and cell
viability was assessed by One-way Anova. To investigate the relation-
ship between the two genes, the Spearman correlation coefficient was
used. P < 0.05 was measured as statistically meaningful.

3. Results

3.1. miR-124 was downregulated while CDK6 was upregulated in
colorectal cancer tissues

As shown in Fig. 1A and B, we found that the mean of miR-124
expression level was significantly down-regulated in CRC tissues
compared with adjacent non-tumor tissues (P < ****), while CDK6 was
up-regulated in CRC tissues (P < ****), ****p < (0.0001

3.2. miR-124 and chemotherapeutic drugs affected CDK6 expression

The results obtained from Real-time PCR and western blot showed a
significant modulatory effect of miR-124, Oxaliplatin, and 5-FU on
CDK6 expression. Results showed a significant reduction in the expres-
sion of CDK®6 after transfection of miR-124 and chemotherapeutic drugs;
however, the results were more prominent for combination therapy
(Figs. 2 and 3, ** P < 0.01, *** P < 0.001, **** P < 0.0001)

3.3. miR-124 and chemotherapeutic drugs influenced CRC cell viability

The results obtained from the MTT assay showed that miR-124,
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Fig. 1. Expression levels of miR-124 and CDK6 in CRC tissues. (A) miR-124 is downregulated (B) while CXCR4 is upregulated in CRC tissues in comparison with

marginal tissues. **** P < 0.0001.
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Figs. 2 and 3. Relative CDK6 expression levels after transfection of miR-124 and chemotherapeutic drugs. As shown in these figures, the addition of miR-124, 5-FU,
and Oxaliplatin reduced mRNA and protein expression of CDK6 in the SW480 cell line; however, the combination of miR-124 with 5-FU and oxaliplatin has a more

significant reducing effect on CDK6 expression compared to when one of them was transfected. **P < 0.01, ***P < 0.001, and ****P < 0.0001.

Oxaliplatin, and 5-FU reduced cell viability; however, the results were
more prominent for combination therapy such as their effect on CDK6
expression (Fig. 4, ** P < 0.01, *** P < 0.001, **** P < 0.0001)

3.4. CDK6 was correlated with clinicopathological features of patients

We found that there was no association between miR-124 and
pathologic features of patients; however, CDK6 had a significant corre-
lation with the patients’ stage (P = 0/033) and differentiation (P = 0/
021) (Table 3).

4. Discussion

CDK6 is a known oncogenic target of miR-124 involves in cell dif-
ferentiation and proliferation (Agirre et al., 2009). It can be considered
as a suitable candidate to be used as small inhibitory molecules. In a
study conducted in 2009, the results showed that reinforcement of miR-
124 reduces CDK6 expression, leading to inhibiting the growth of

leukemia cells both in-vitro and in-vivo. Therefore, miR-124 could be
considered as a prognostic factor, in which its re-expression may be a
therapeutic approach in patients with ALL (Agirre et al., 2009; Wang
et al., 2007).

miR 124 is known to suppress tumor microRNA, which exerts its
suppressive effects on a variety of human cancers including breast, gli-
oma, colitis, and gastric cancer (Zhou et al., 2016). Previous studies
demonstrated that methylation of miR-124 is related to advanced and
malignant breast cancer (Gacem et al., 2014; Liang et al., 2012). Addi-
tionally, miR 124 has been studied focusing on its potential inhibitory
effects on glioma cell invasion and proliferation by blocking the
expression of a specific gene (Lu et al., 2014). Furthermore, in pro-
gressive uveal melanoma, miR-124 has been epigenetically silenced in
which this epigenetic silencing caused the progression of colorectal
carcinogenesis (Deng et al., 2011; Chen et al., 2013; Luo et al., 2017).

miR124 was first identified by Sanuki et al. (2011) in the brain tissue
and introduced as a brain-specific miRNA, which causes maintaining the
neuronal specificity. miR-124 is expressed primarily in the brain,
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Fig. 4. miR-124 and chemotherapy drugs reduce CRC cell viability. This figure
shows that miR-124, 5-FU, and Oxaliplatin decreased cell viability; however,
their combination has a potential effect in comparison with when one of them
was transfected.**P < 0.01, ***P < 0.00, and ****P < 0.0001.

Table 3
Related correlation between expression of CDK6 with clincopathological fea-
tures of patients.

Subject Stage (P-value) Differentiation (P-value)

CDK6 0.039 0.024

pancreas, kidneys, and muscles that play a vital role in preserving the
specific properties of retinal cells (Sanuki et al., 2011).

Epigenetic suppression of miR-124 was first reported in CRC cells.
This report was conducted by Lujambio et al. (2007) and showed this
microRNA was dysregulated in colorectal cancer and proved its reduc-
tion in cancer cells (Lujambio et al., 2007).

In another study, Pierson et al. (2008) showed that miR-124 was
downregulated in medulloblastoma and reduces the expression of CDK6.
They showed that CDK6 is regulated in medulloblastoma by miR-124,
which regulates medulloblastoma cell growth. These results were
consistent with our study and showed a correlation between miR-124
and CDK6 in colorectal cancer. We also showed the effect of drugs on
the expression of miR-124 and CDK6, which was not evaluated by
Pierson et al. (2008).

In 2009 Agirre et al. showed that miR-124 exerts its tumor sup-
pressor effects via CDK6, thus epigenetic suppression of miR-124 leads to
activation of CDK6 and RB phosphorylation, which ultimately leads to
cell cycle progression and adverse effects. The results of this study,
conducted on acute leukemia, confirm our findings in colorectal cancer
(Agirre et al., 2009).

The results of a study revealed that miR-124 inhibited the prolifer-
ation of breast cancer by modulating the CDK gene. It was also revealed
that miR-124 acts as a tumor-suppressor microRNA in breast cancer
(Feng et al., 2016). It has also been revealed that miR-124 re-expression
reduced medulloblastoma cells’ proliferation (Silber et al., 2013). As we
have shown in our study that miR-124 intensifies the effect of chemo-
therapeutic drugs, it was demonstrated that miR-124 intensified the
Oxaliplatin effect by Targeting CAPN2 in CRC (Xie et al., 2020).
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5. Conclusion

According to the results of our study, CDK6 was upregulated and
miR-124 was downregulated in tumor tissue compared to non-tumor
(marginal) healthy tissue. Due association of CDK6 with some clinical
features of the patient, it may act as a potential prognostic and diag-
nostic biomarker in colorectal cancer. Moreover, miR-124 and chemo-
therapy drugs could reduce CDK6 expression and CRC cell viability, so
miR-124 replacement along with chemotherapeutic drugs may act as a
therapeutic approach via reducing CKD6 expression. However, further
studies are needed to be done to determine the exact association of miR-
124 and CDK6 in CRC pathogenesis.
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