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Mechanism of miR-98 inhibiting tumor proliferation and
invasion by targeting IGF1R in diabetic patients
combined with colon cancer
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Abstract. Expression level of miR-98 in diabetic colon
cancer (CRC) tissues and the regulation mechanism of colon
cancer cell proliferation and invasion ability were studied.
Forty patients with type 2 diabetes mellitus complicated with
colon cancer, 40 colon cancer patients, and 40 patients with
diabetic colonoscopy were enrolled between January 2017
and January 2018. Real-time quantitative PCR was used to
detect the expression level of miR-98. After SW480 cells were
transfected with miR-98 mimics or control simulants, the
proliferation of cancer cells was detected by MTT assay, and the
invasion ability of cancer cells was detected by Transwell cell
invasion assay. The dual luciferase assay was used to detect the
binding relationship between miR-98 and IGFIR. Western blot
analysis was used to detect the expression of IGFIR protein
in tumor tissues of patients with diabetes mellitus and colon
cancer. Compared with diabetic patients, the expression level
of miR-98 was decreased in colon cancer patients. Compared
with tumor tissues of colon cancer patients, the expression level
of miR-98 was significantly decreased in diabetic colon cancer
tissues. Compared with the commonly cultured colon cancer
SW480 cells, the expression level of miR-98 was significantly
decreased in SW480 cells cultured under high glucose condi-
tions. Increased expression of miR-98 inhibits colon cancer
cell proliferation and invasion. miR-98 can target and bind to
IGF1R and inhibit its expression level. IGFIR is upregulated
in diabetic colon cancer tissue. miR-98 inhibits proliferation
and invasion of diabetic colon cancer by targeting IGF1R. The
expression level of miR-98 in diabetic colon cancer tissues is
lower than that in colon cancer tissues. miR-98 can inhibit the
proliferation and invasion of colon cancer cells by targeting
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the target gene IGF1R. miR-98 may be a potential biological
target for the treatment of patients with diabetes and colon
cancer.

Introduction

Colon cancer is a common gastrointestinal cancer. More than
900,000 patients are diagnosed with colon cancer each year,and
its incidence is the third among all cancers (1). Colon cancer is
ranked third of cancer-related deaths (2). In most colon cancer
patients, the spread of tumor cells is the main cause of death
of patients. Most patients with stage I and II colon cancer can
be cured by surgical resection. Approximately 70% of patients
with colon cancer with stage III lymph node metastasis can
be cured by surgery combined with adjuvant chemotherapy.
It is difficult to cure advanced metastatic colon cancer
(stage IV) (3). Despite significant advances in surgical tech-
niques and adjuvant chemotherapy, the survival rate of colon
cancer patients has only modest improvement due to the high
recurrence rate of colon cancer and advanced colon cancer
at the time of diagnosis (2,4). Therefore, the pathogenesis of
colorectal cancer needs to be further explored.

Studies have shown that diabetes, especially type 2
diabetes, can increase the risk of cancer and death, especially
in gastrointestinal cancers (5). Type 2 diabetes is an indepen-
dent risk factor for colon cancer, and colon cancer patients
with diabetes have a worse prognosis than those without
diabetes (6). In addition, in diabetic patients, the incidence
of colon cancer increased by 1.27-1.40 times (7). Moreover,
patients with colon cancer and type 2 diabetes had a 5-year
survival rate reduction of 42% and a 21% increase in colon
cancer recurrence (8). However, the reasons for this increase
in risk are unclear. Some scholars have suggested that the
increase in the level of free insulin growth factor 1 (IGF1) may
promote the proliferation of colon cancer cells (9,10). However,
the specific regulatory mechanisms are still unclear.

In recent years, most human genome transcripts have been
transcribed into non-coding RNAs, such as small non-coding
RNAs (miRNAs). miRNAs do not encode any protein, but can
regulate biological processes by inhibiting the expression level
of target gene mRNA, thereby regulating the occurrence and
progression of the disease (11-13). Studies have shown that
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miRNAs are differentially expressed in a variety of cancers,
and differentially expressed miRNAs can be involved in the
development and progression of cancer (14-17), including
colon cancer (18-20). For example, the expression level of
miR-3653 is significantly downregulated in colon cancer
tissues and cells, and the increased expression level of
miR-3653 can significantly inhibit the migration and inva-
sion of colon cancer cells by inhibiting the expression level of
target gene Zeb2. It also inhibits the epithelial-mesenchymal
transition (ERT) of colon cancer cells (18). miR-223-3p,
which is significantly upregulated in colon cancer tissues,
can promote colon cancer cell proliferation, invasion and
migration by inhibiting the target gene PRDMI1 expres-
sion level (19). Among miRNAs, miR-98 is differentially
expressed in a variety of cancers and can regulate a variety
of cancer cell phenotypes. For example, miR-98, which is
downregulated in breast cancer tissues and cell lines, can
further regulate proliferation, invasion and migration ability
of breast cancer cells by targeting the expression level of the
target gene Gab2 (GRB2-associated-binding protein 2) (21).
miR-98 is downregulated in the expression of squamous cell
carcinoma of the head and neck can also regulate the prolif-
eration and invasion of cancer cells (22). In addition, studies
have found that miR-98 expression levels are downregulated
in colon cancer and can be used as tumor suppressors to
regulate the Warburg effect of colon cancer cells (23).
However, the current regulatory role and mechanism of
miR-98 in patients with diabetes mellitus complicated with
colon cancer is not clear. Therefore, in this experiment, we
mainly explored the differential expression of miR-98 and
its mechanism of regulation in colon cancer combined with
type 2 diabetes mellitus.

Materials and methods

Tissue sample collection and cell culture. Tumor tissues of
40 patients with type 2 diabetes mellitus complicated with
colon cancer and 40 colon cancer patients were collected
between January 2017 and January 2018. Of the 40 patients
with type 2 diabetes mellitus and colon cancer, 21 were male
and 21 were female, aged of 61.7+5.9 years. Of the 40 colon
cancer patients, 22 were male and 18 were female, aged
63.1+6.5 years. Diagnostic standard for type 2 diabetes was
based on 1999 World Health Organization (WHO) criteria for
the diagnosis of type 2 diabetes: i) patients with a history of
significant diabetes; ii) oral glucose tolerance test 2 h blood
glucose =11.1 mmol/l. Patients with other types of diabetes
and those with a history of hyperthyroidism and glucocorti-
coid use were excluded. Colon cancer patients were diagnosed
by histopathology and did not receive any treatment. Patients
with diabetes mellitus combined with colon cancer and colon
cancer patients were in stage T3-T4 of colon cancer. Informed
consent was obtained from all the patients. The experimental
protocol was approved by the Ethics committee of The First
Hospital of Lanzhou University.

The human colon cancer cell line SW480 from ATCC
(American Type Culture Collection) was purchased from
Beijing Zhongyuan Heju Economic and Trading Co., Ltd.
SW480 was cultured in DMEM medium supplemented
with 10% fetal bovine serum, and 100 U/ml penicillin and
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100 pg/ml streptomycin were added to prevent cell contami-
nation. SW480 cells were cultured at 37°C, in 5% CO, cell
culture incubator. SW480 cells were divided into two groups,
one group was cultured using conventional medium, and the
other group was cultured using medium supplemented with
25 mM glucose (24,25).

Cell transfection. The human colon cancer SW480 cells in
logarithmic growth phase were prepared into cell suspen-
sions, and the cells were inoculated in 6-well plates at about
6x10° cells per well. The 6-well plates were placed at 37°C
culture chamber with 5% CO, continued for 24 h. The
control mimic, miR-98 mimic (miR-98 mimic) or miR-98
mimic and IGFIR overexpression plasmid (pCDNA-IGF1R)
were then transfected into cells alone using the lipofection
reagent Lipofectamine 3000. After 72 h of transfection,
the transfected SW480 cells were collected for subsequent
experiments.

Real-time QPCR. Total RNA in tumor tissues of diabetic colon
cancer patients, adjacent normal tissues, colon cancer SW480
cells, and human normal colon epithelial cells NCM460 were
extracted using TRIzol reagent. Using the extracted RNA as a
template, a reverse transcription reaction was carried out using
areverse transcription kit (Revert Aid RT Reverse Transcription
kit, K1691, Thermo Fisher Scientific, Inc.) to obtain cDNA.
Then, cDNA was used as a template, and the expression level
of miR-98 was detected by PCR reaction using a SYBR Green
Master Mix kit (4385618, Thermo Fisher Scientific, Inc.) in the
Mx3000P Real-Time PCR system, and U6 was used as an
internal reference. The miR-98 primer sequence was: upstream
primer, 5'-GGACTGAGGTAGTAAGTTG-3'; downstream
primer, 5'-CATCAGATGCGTTGCGTA-3" (26). The U6
primer sequence was: upstream primer, 5'-GCTTCGGCA
GCACATATACTAAAAT-3"; downstream primer, 5'-CGC
TTCACGAATTTGCGTGTCAT-3". The PCR reaction proce-
dure was: 1 cycle of (9°C, 5 min), 42 cycles of (92°C, 15 sec,
60°C, 15 sec, 72°C, 30 sec). The relative expression levels of
miR-98 were analyzed using the 224 method.

MTT experiment. SW480 cells in the logarithmic growth phase
were made into cell suspensions and seeded into 96-well plates
at a seeding density of 5x10? cells per well, and then placed at
37°C,in 5% CO, cell culture incubator and cultured for 3 days.
After the completion of the culture, 20 ul of a 5 mg/ml MTT
reagent was added to each well of a 96-well plate, and then the
96-well plate was further cultured in a cell culture incubator
containing 5% CO, at 37°C for 4 h. After 4 h, 150 ul of the
reagent was added to each well of a 96-well plate to dissolve
the crystals. Finally, the absorbance was measured at a wave-
length of 570 nm.

Transwell cell invasion assay. The upper chamber of the
Transwell chamber for cell invasion experiments was first
uniformly coated with 50 pl of Matrigel, and DMEM
containing 10% fetal calf serum was added to the lower
chamber of the Transwell chamber. Then, a well-grown
SW480 cell suspension was inoculated into the upper chamber
of the Transwell chamber, and the inoculated cell density
was 1x10°. SW480 cells in the upper chamber were placed at
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Figure 1. Expression levels of miR-98 in diabetic colon cancer patients and colon cancer cell lines. (A) Real-time quantitative PCR technology detection of the
expression level of miR-98 in diabetic patients, colon cancer patients and tumor tissues of patients with diabetes and colon cancer. (B) Real-time quantitative
PCR detection of the difference in expression levels of miR-98 between colon cancer cell line SW480 and SW480 cells cultured under high glucose conditions.

P<0.001, ""P<0.001.

37°C, in 5% CO, cell incubator and cultured with serum-free
medium for 24 h. After the completion of the culture, SW480
cells on the surface of the membrane were washed, and the
remaining SW480 cells were fixed with 4% paraformaldehyde
and stained with 0.1% crystal violet for 10 min. Finally, five
regions were randomly selected from the microscope field to
count the invasive SW480 cells.

Bioinformatics methods to screen miR-98 target genes. In
order to find potential target genes for miR-98, bioinformatics
software miRWalk database (http://www.ma.uni-heidelberg.
de/apps/zmf/mirwalk/) miRanda (http://www.microrna.
org/microrna/getExprForm.do), miRDB (http://mirdb.
org/), miRNAMAP (http://mirnamap.mbc.nctu.edu.tw/) and
TargetScan (http/www.targetscan.org) were used for analysis.
Screening principle: miR-98 was complementary binding to
the target gene locus; miR-98 target gene locus did not contain
a complex secondary structure, binding site was highly
conserved, miR-98 and target gene mRNA were highly ther-
mostable. According to the predicted results, the IGFIR gene
may be a target gene of miR-98.

Dual luciferase assay. The target gene of miR-98 was veri-
fied using a dual luciferase assay. The IGF1R gene wild-type
3'-untranslated region (3'-UTR) and mutant 3'-UTR were
constructed into the pmiRGLO vector (Promega). The
vector carrying the wild-type 3'-UTR and mutant 3'-UTR
of the IGFIR gene was then transfected into SW480 cells
using the lipofection reagent Lipofectamine 3000, respec-
tively, and then the wild-type 3'-UTR SW480 cells were
divided into two subgroups, one subgroup transfected the
miR-98 mimetic, and the other subgroup transfected the
control mimic, and the mutant 3'-UTR SW480 cells were
also divided into two subgroups, one subgroup transfected
with miR-98 mimics, another subgroup was transfected
with control mimics. After 48 h of transfection, the relative
luciferase activity in colon cancer cells was measured using
a microplate reader.

Western blot analysis. Total protein in colon cancer SW480
cells was extracted using RIPA lysate. The total protein
concentration after extraction was quantified using a BCA
protein quantification kit. Lysate (40 ug) was separated using
12% SDS-PAGE and transferred to a PVDF membrane. The
PVDF membrane was blocked with 4% skim milk powder
for 1 h, and the mouse anti-human IGFIR protein antibody
(ab16890, Abcam) (dilution, 1:500) or mouse anti-human
GAPDH protein antibody (ab8245, Abcam) (dilution, 1:500)
was incubated overnight at 4°C with PVDF membrane, then
incubated with HRP-linked rabbit anti-mouse IgG secondary
antibody (ab6728, Abcam) (dilution, 1:2000) under 37°C
condition. In this experiment, GAPDH protein was used as
an internal reference protein. Finally, color development was
performed using an ECL chemiluminescence chromogenic
kit, and imaging was performed using a ChemiDoc MP
chemiluminescence imaging system. Western blot bands were
quantified using ImagelJ software.

Statistical analysis. Statistical analysis was performed using
SPSS 22.0, and the data was expressed using mean + standard
deviation. Differences between the two groups were analyzed
using an independent sample t-test. P<0.05 was considered a
statistically significant difference.

Results

miR-98 is downregulated in tumor tissues and colon cancer
cell lines of patients with diabetes mellitus complicated with
colon cancer. According to the results of real-time PCR,
the expression level of miR-98 in colon cancer patients was
significantly lower than that in diabetic patients (P<0.001),
compared with colon cancer patients, the expression level of
miR-98 in patients with diabetes and colon cancer was signifi-
cantly decreased (P<0.001) (Fig. 1A). Compared with human
colon cancer SW480 cells cultured under normal conditions,
miR-98 was also significantly decreased in colon cancer cell
line SW480 cultured under high glucose conditions (P<0.01)
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Figure 2. Effect of upregulation of miR-98 expression on proliferation and invasion of colon cancer cells. (A) Real-time quantitative PCR was used to detect the
expression level of miR-98 in SW480 cells transfected with miR-98 mimic. (B) MTT assay was used to detect the effect of upregulation of miR-98 expression
on the proliferation of colon cancer cells. (C) Transwell cell invasion assay was used in upregulation of miR-98 expression on the invasion ability of colon
cancer cells. (D) Statistical results of invasion of colon cancer cells after upregulation of miR-98. “P<0.01, “P<0.001.
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Figure 3. Targeting the relationship between miR-98 and IGFIR and its effect on IGF1R expression levels. (A) Sequence of potential binding sites for miR-98
and IGFIR. (B) Dual luciferase assay detection of the relationship between miR-98 and IGF1R. (C) Western blot analysis of the expression level of IGFIR
in tumor tissues and adjacent normal tissues of patients with diabetes and colon cancer. (D) Western blot analysis of the effect of upregulation of miR-98

expression on IGFIR expression levels. “P<0.01.

(Fig. 1B). Therefore, miR-98 has a decreased expression level
in tumor tissues of diabetic patients with colon cancer and
colon cancer cell lines under high glucose conditions.

Upregulation of miR-98 expression inhibits colon cancer
cell proliferation and invasion. After transfecting control

mimic and miR-98 mimic into SW480 cells, real-time PCR
was performed. According to the results, miR-98 mimic can
upregulate the expression level of miR-98 in SW48 cells
compared with SW480 cells transfected with control mimic
(P<0.001) (Fig. 2A). After the expression level of miR-98 was
upregulated, the proliferation of SW480 cells was detected.
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Figure 4. miR-98 regulates proliferation and invasion of colon cancer cells by regulating the target gene IGFIR. (A) MTT assay was used to detect the effect
of miR-98 and IGFIR expression levels on the proliferation of colon cancer cells. (B) Transwell cell invasion assay was used to detect the effect of miR-98 and

IGFIR expression levels on the invasion ability of colon cancer cells.

According to the results of MTT assay, the upregulation of
miR-98 significantly inhibited cell proliferation compared
with the control mimic group (P<0.01) (Fig. 2B). Transwell
cell invasion assay showed that the invasive ability of SW480
cells was significantly decreased (P<0.01) after upregulation
of miR-98 expression compared with control mimic group
(Fig. 2C). According to the above results, the upregulation of
miR-98 expression can inhibit the proliferation and invasion of
colon cancer cells.

miR-98 targets inhibition of its target gene IGFIR expression
level. 1t is predicted by the bioinformatics database that IGFIR
may be a target gene of miR-98, and the potential binding
sequence of miR-98 and IGFIR 3'-UTR is shown in Fig. 3A.
Dual luciferase assay was performed to further verify whether
there is a targeted binding relationship between miR-98 and
IGF1R. The results showed that there was no significant differ-
ence in relative luciferase activity between the miR-98 mimic
group and the control group in the SW480 cells transfected
with the IGFIR mutant 3'-UTR, contrary to the SW480 cells
transfected with the IGF1R wild-type 3'-UTR. Compared with
the control group, miR-98 mimic transfection significantly
reduced the relative luciferase activity in SW480 cells (P<0.01)
(Fig. 3B). Western blot analysis showed that the protein expres-
sion level of IGF1R was significantly higher in tumor tissues of
patients with diabetes mellitus complicated with colon cancer
than in adjacent normal tissues (Fig. 3C). In addition, IGF1R
protein expression levels were significantly downregulated
after upregulation of miR-98 expression levels compared to
controls (Fig. 3D). Based on the above results, miR-98 can
target and bind to the target gene IGF1R and negatively regu-
lates its expression level.

miR-98 regulates proliferation and invasion of colon cancer
cells by regulating target gene IGFIR. To further investigate
the regulation of miR-98 on the behavior of colon cancer
cells, miR-98 mimic and pCDNA-IGFIR were simultane-
ously transfected into SW480 cells, and cell proliferation and
invasion ability were examined. According to the results of
MTT assay, simultaneous transfection of miR-98 mimic and
pCDNA-IGFIR significantly increased the proliferation of
colon cancer cells compared with SW480 cells transfected
with miR-98 mimic alone (P<0.01) (Fig. 4A). Transwell cell

“P<0.01.

invasion assay showed that transfection of miR-98 mimic
and pCDNA-IGFIR significantly increased the invasiveness
of colon cancer cells compared with SW480 cells transfected
with miR-98 mimic alone (P<0.01) (Fig. 4B).

Discussion

In order to clarify the pathogenic mechanism of patients with
diabetes mellitus complicated with colon cancer, miR-98 was
used as the research object in this study. Firstly, the expression
level of miR-98 in patients with diabetes mellitus and colon
cancer was studied, and then the influence of the change of
miR-98 expression level on the proliferative capacity and inva-
sive ability of human colon cancer cells under high glucose
conditions was studied, followed by bioinformatics analysis
and dual luciferase assay to identify potential target genes of
miR-98, and the effects of the target genes on the proliferation
and invasion of human colon cancer cells under high glucose
conditions were explored, in order to clarify the regulatory
mechanism of miR-98 on diabetes and colon cancer, and to
explore potential biological targets for the treatment of diabetic
colon cancer.

First, in order to study whether there is a difference in
the expression level of miR-98 in tumor tissues of patients
with diabetes mellitus complicated with colon cancer and
tumor tissues of colon cancer patients, 40 tumor patients with
diabetes mellitus combined with colon cancer and 40 colon
cancer patients after surgery, 40 colon cancer biopsies from
patients with diabetes mellitus were collected. and the expres-
sion of miR-98 in colon cancer patients was lower than that
in diabetic patients by real-time fluorescent quantitative PCR.
However, the expression level of miR-98 in tumor tissues
of diabetic patients combined with colon cancer was also
significant lower than that of colon cancer patients, and the
expression level of miR-98 in colon cancer cell lines cultured
under high glucose conditions was found to be significantly
lower than the colon cancer cell line cultured under normal
conditions. According to literature reports, the expression
level of miR-98 in tumor tissues was significantly reduced.
For example, the expression level of miR-98 was significantly
decreased in tumor tissues of patients with non-small cell
lung cancer (27). In laryngeal squamous cell carcinoma tumor
tissues and laryngeal squamous cell carcinoma cell lines, the
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expression level of miR-98 was also significantly lower than
that of normal tissues and normal cell lines (28). In retinoblas-
toma, miR-98 expression levels were also downregulated (29).
In breast cancer patients' tumor tissues and breast cancer cell
lines, the expression level of miR-98 was also found to be
significantly lower than that of adjacent normal tissues and
normal cell lines (21). In addition, a team found that miR-98
was expressed at low levels in tumor tissues and colon cancer
cells of colon cancer patients (23). In this experiment, the
difference in the expression level of miR-98 between colon
cancer cell lines and normal cells was not detected, but
miR-98 was found to have lower expression level under high
glucose conditions. The expression level of miR-98 in diabetic
colon cancer patients was lower than colon cancer patients,
suggesting that miR-98 may have a regulatory role in diabetes
with colon cancer.

The differential expression levels of miRNAs in diseased
and normal tissues usually indicate that miRNAs may play
important regulatory roles in disease. For example, miR-98,
which is significantly downregulated in tumor tissues of
non-small cell lung cancer patients and non-small cell lung
cancer cell lines, can regulate the migration and invasion
ability of non-small cell lung cancer cells (27). miR-98 is
downregulated in tumor tissues and laryngeal squamous cell
carcinoma cell lines of laryngeal squamous cell carcinoma,
its upregulation can inhibit the ERT of tumor cells and the
invasive behavior of laryngeal squamous cell carcinoma cell
lines (28). The expression level of miR-98 is downregulated in
retinoblastoma, its upregulation can inhibit the proliferation,
invasion and migration ability of retinoblastoma cells (29).
In breast cancer, upregulation of miR-98 expression by cell
transfection can inhibit breast cancer cell proliferation, inva-
sion, migration, and epithelial to mesenchymal transition (21).
Therefore, we hypothesized that the significant decrease in
the expression level of miR-98 in diabetic and colon cancer
tissues in this experiment may indicate that miR-98 can also
regulate the behavior of cancer cells in this disease. Therefore,
we performed MTT assay and Transwell cell invasion assay
to investigate the changes in proliferation and invasion ability
of colon cancer cells after upregulation of miR-98 expression.
According to the experimental results, it was found that after
the colon cancer cell line transfected with miR-98 mimic
significantly upregulated the expression level of miR-98, the
cell proliferation and invasion ability of colon cancer cell
lines were significantly inhibited. This result is similar to the
regulation of miR-98 on cancer cell behavior in other cancers.
At the same time, the results of this experiment are similar
to those found by other scholars in miR-98 in colon cancer.
The researchers found that miR-98, which is significantly
downregulated in tumor tissues and colon cancer cell lines of
colon cancer patients, after significantly increasing the expres-
sion level, it can significantly inhibit the proliferation of colon
cells. In addition, they also found that upregulation in miR-98
expression level can inhibit glucose absorption and lactate
secretion, that is, inhibit the glycolysis process of colon cancer
cells. Glycolysis process is the main functional metabolism of
cancer cells. If the glycolysis process is inhibited, it can inhibit
the proliferation of cancer cells (23). In this experiment, we did
not investigate the effect of miR-98 on the metabolic patterns
of colon cancer cells.

LIU et al: miR-98 IN DIABETIC COLON CANCER TISSUES

miRNAs are a class of non-coding RNAs that do not
encode any protein, but can be involved in the regulation
of gene expression levels at the post-translational level. The
most important way for miRNAs to regulate gene expres-
sion levels is through targeting the non-translated region of
mRNA to mediate the post-translational silencing function of
the gene, and the key region of the sequence complementarity
of the miRNA to its target is located in the seed region of the
2-7 nucleotides at the 5' end of the miRNA (30). In cancer, the
main regulatory effect of miRNAs on cancer cell prolifera-
tion, invasion and migration ability is through the regulation
of the expression level of its target genes. For example, in lung
cancer cell lines, miR-335 can target and negatively regulate
the expression level of transformer 2 beta homolog (Tra2f),
and then regulate the proliferation of lung cancer cells (31).
In gastric cancer, miR-129-5p and miR-129-3p can regulate
the proliferation and migration ability of gastric cancer cells
by regulating the expression level of target gene WWP1 (32).
Moreover, miR-98 has also been found to regulate the cellular
behavior of cancer cells by regulating the expression levels
of target genes. For example, miR-98 can inhibit the cell
proliferation, invasion and migration ability of non-small
cell lung cancer by targeting inhibition of TWIST expres-
sion levels (27). Furthermore, miR-98e can also inhibit the
progression of retinoblastoma by targeting HMGA?2 (29).
In breast cancer, miR-98 can inhibit the proliferation and
metastasis of breast cancer cells by targeting to inhibit the
expression level of Gab2. In this experiment, we found that
miR-98 can inhibit the proliferation and invasion of colon
cancer cells, thus, we speculate that miR-98 may inhibit the
proliferation and invasive ability of colon cancer cells by
targeting the expression of target genes in this experiment.
Therefore, we first screened the potential target gene of
miR-98 through bioinformatics software, and then carried
out the dual luciferase assay to further verify the target gene
of miR-98. The experimental results showed that IGFIR is a
target gene of miR-98. It can be targeted to bind to the 3'-UTR
region by miR-98. Moreover, western blot analysis showed
that the expression level of IGFIR protein was significantly
up-regulated in tumor tissues of diabetic patients with colon
cancer, which was contrary to the expression of miR-98 in
tumor tissues of patients with diabetes mellitus with colon
cancer. Furthermore, we found that IGFIR protein expression
levels were significantly inhibited when miR-98 expression
levels were up-regulated. Based on the above results, it is
suggested that miR-98 can target to bind IGFIR, and miR-98
can negatively regulate the expression level of IGFIR protein.
According to literature, we speculate that IGFIR protein may
mediate the regulation of miR-98 on the proliferation and
invasion of colon cancer cells. Therefore, we also changed the
expression levels of miR-98 and IGFIR by cell transfection,
and found that up-regulation of IGF1R expression can reverse
the inhibition of colon cancer cell proliferation and inva-
sion ability caused by up-regulation of miR-98 expression.
Therefore, it is known that the inhibitory effect of miR-98 on
the proliferation and invasion ability of colon cancer cells is
achieved by targeted binding to IGFIR.

The insulin-like growth factor receptor IGFIR is a receptor
protein located on the cell surface and binds to insulin-like
growth factor. This receptor binds to a ligand to transmit
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cellular signals, causing cell growth and division. IGFIR is
found to be highly expressed in tumor cells, which promotes
the proliferation of cancer cells (33), and IGF1R is considered
to be a potential biological target for cancer therapy, similar
to the results of this experiment. In addition, in the study of
diabetes mellitus complicated with colon cancer, some scholars
have suggested that the increase in the level of free insulin
growth factor may promote the proliferation of colon cancer
cells (9,10). We hypothesized that IGFIR may have a regulatory
role in this process. In diabetic colon cancer cells, decreased
expression of miR-98 leads to increased expression of IGFIR,
elevated levels of IGFIR binds to more insulin growth factors,
transmitting cellular signals, leads to cancer cell proliferation
and malignant progression of the tumor. Therefore, based on
the results of the present study, we consider that miR-98 may
be a potential biological target for the treatment of patients
with diabetes and colon cancer.

In conclusion, the expression level of miR-98 is down-
regulated in diabetic colon cancer tumor tissues, and the
proliferation and invasion ability of colon cancer cells are
inhibited by targeted inhibition of the expression level of the
target gene IGF1R. miR-98 may be a potential biological target
for the treatment of patients with diabetes mellitus combined
with colon cancer.
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