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Abstract
Background: MicroRNAs play an important role in the genesis and progression of tumors, including
colorectal cancer (CRC), which has a high morbidity and mortality rate. In this research, the role of miR-
495-3p and HMGB1 in CRC was investigated.

Methods: We performed qRT-PCR to detect the expression of miR-495-3p in colorectal cancer tissues and
cell lines. Functional experiments such as CCK-8 assay, EDU assay, Transwell assay and apoptosis assay
were conducted to explore the effects of miR-495-3p on the proliferation, migration and apoptosis of CRC
cells in vitro. Then, the use of database prediction, dual-luciferase reporter gene assay and functional
experiments veri�ed the role of miR-495-3p target gene HMGB1 in CRC. Finally, rescue experiments was
performed to investigate whether overexpression of HMGB1 could reverse the inhibitory effect of miR-
495-3p on CRC cell proliferation in vivo and in vitro.

Results: miR-495-3p was down-regulated in colorectal cancer tissues and cell lines, and could inhibit the
proliferation and migration of colorectal cancer cells, and promote cell apoptosis. The database
prediction and dual-luciferase reporter gene assay showed that HMGB1 was the downstream target gene
of miR-495-3p. We �nally demonstrated that miR-495-3p inhibited CRC cell proliferation by targeting
HMGB1 in vitro and in vivo.

Conclusion: Our research shows that miR-495-3p inhibits the progression of colorectal cancer by down-
regulating the expression of HMGB1, which indicates that miR-495-3p may become a potential
therapeutic target for colorectal cancer.

Introduction
Colorectal cancer (CRC) is the third most common malignant tumor in the world, and second in cancer-
related mortality. In 2018, there were 1,096,601 new cases and 551,269 deaths [1]. The incidence of CRC
in China is showing a younger trend [2]. The decline in the quality of life of patients and the huge medical
expenses pose a threat to human health and social development. Although the diagnosis and treatment
of CRC has been greatly improved in recent years, the �ve-year survival rate of patients has not been
signi�cantly improved [3], so it is urgent to improve the understanding of the exact mechanism of the
disease and develop new targeted therapies.

MicroRNAs (miRNAs) are short non-coding RNAs with a length of approximately 22 nucleotides. At
present, nearly 3,000 such molecules have been discovered and are still being explored. miRNAs
participate in the regulation of post-transcriptional gene expression by binding to the 3'-UTR region of
target mRNAs, leading to mRNA degradation or preventing its translation. A miRNA can target and
regulate numerous mRNAs, and a target mRNA can also be regulated by multiple miRNAs, which have a
complex network of relationships and play an important role in almost all biological pathways and
regulate the occurrence and development of many human diseases, including cancer [4]. In recent
decades, people's research on miRNAs is in full swing, especially the research on miRNAs in the
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occurrence and development of tumors. Studies have shown that miRNAs are dysregulated in a variety of
cancers, and dysregulated miRNAs play a role in tumor cell proliferation, apoptosis, invasion and drug
resistance, and act as cancer-promoting genes or suppressor genes. Based on this, miRNAs have also
made corresponding progress in serving as targets for cancer diagnosis, monitoring and treatment [5].
According to previous studies, some scholars summarized hundreds of miRNAs with high or low
expression in lung cancer, gastric cancer, breast cancer, liver cancer, etc., as well as the relevant
mechanisms and pathways that affect the malignant progression of tumors, and discussed the use of
these miRNAs as the corresponding cancer diagnosis and treatment targets and prognostic indicators [6-
9]. Assuredly, there are also many reports about miRNAs in CRC. For example, it has been reported that
miR-4319 can inhibit the proliferation, migration and invasion of CRC cells and inhibit the cell cycle,
acting as a tumor suppressor gene in CRC by targeting ABTB1 [10]. MiR-629-5p is highly expressed in
CRC tissues and cell lines, promotes the proliferation and migration of CRC cells, reduces the proportion
of cell apoptosis through targeting CXXC4 and thus promotes the malignant progression of CRC [11].
Those suggested that differentially expressed miRNAs could be potential therapeutic targets for CRC.
Differentially expressed miR-495-3p has been reported in various types of tumors, such as esophageal
cancer [12], osteosarcoma [13], melanoma [14], etc. JW et al reported that miR-495-3p plays a tumor
suppressive role in the development of gastric cancer by regulating a variety of epigenetic modi�cations
[15]. It has been reported that miR-495-3p is regulated by the upstream molecule NEAT1 in CRC and plays
a bridge role in the promotion of lncRNA in the development of CRC [16]. However, there are few studies
on the differential expression of miR-495-3p in CRC, and at the same time, whether miR-495-3p can
regulate cell proliferation in CRC and the related mechanism of action are still unclear.

High Mobility Group Box-1 (HMGB1) is a multifunctional non-histone protein composed of 215 amino
acids and mainly distributed in the nucleus, which plays a key role in nucleosome structure and
homeostasis, gene transcription, DNA recombination and damage repair, and maintenance of
chromosome stability and telomere homeostasis. Studies have shown that HMGB1 plays an important
role in promoting or suppressing cancer in various tumorigenesis including CRC [17]. We learned from the
database that miR-495-3p had a complementary sequence with the 3’UTR end of HMGB1 mRNA.
Therefore, we hypothesized that there is a close relationship between HMGB1 and miR-495-3p, thus
in�uencing the behavior of CRC cells. 

In this study, we explored the role of miR-495-3p in CRC and its molecular mechanism, hoping to develop
new targets for the diagnosis and treatment of CRC. We found that miR-495-3p was signi�cantly under-
expressed in CRC tissues and cell lines. MiR-495-3p inhibited the proliferation and migration of CRC cells
and promoted the apoptosis of CRC cells by down-regulating the expression of HMGB1, suggesting that
miR-495-3p could be a potential target for the treatment of CRC.

Materials And Methods
Acquisition of carcinoma and paracancerous tissue
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The CRC tissues and their paracancerous tissues were collected from 22 patients with colorectal cancer
who had not undergone chemoradiotherapy in Yijishan Hospital. The tumor tissue and the surrounding
normal tissue within 0.5cm were collected during the resection and stored in liquid nitrogen immediately,
with the informed consent of the patient and the approval of the medical committee and the ethics
committee of Yijishan Hospital.

Cell culture

Four human CRC cell lines HT29, SW480, SW620, HCT116 and human normal colon epithelial cell lines
FHC were purchased from Shanghai Cell Bank, Chinese Academy of Sciences (Shanghai, China). Cell
complete medium contained 10% FBS (Gibco, Waltham, America) and RPMI-1640(Gibco, Carlsbad,
America) or DMEM (Hyclone, Logan, America). Four colorectal cancer cell lines were cultured in complete
medium of RPMI-1640 while normal colon epithelial cells FHC were cultured in DMEM. The environment
of the cell incubator was kept at a constant temperature of 37 ° C with 5% carbon dioxide. The cells were
given �uid exchange or passage for 1-2 days.

RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

RNA of tissues and cells was extracted using Trizol (Invitrogen, Carlsbad, America) as per the merchant's
step-by-step instructions. Nanodrop 2000 Spectrophotometer (Thermo Fisher, Waltham, America) was
used to measure RNA concentration, and then 2 microliters were taken for reverse transcription using a
reverse transcription kit (Takara, Dalian, China) to obtain the corresponding cDNA. Real-time �uorescence
quantitative PCR was detected using qPCR kit (Takara, Dalian, China). The sequence of primers used in
the experiment is as follows U6, CTCGCTTCGGCAGCACA-forward and AACGCTTCACGAATTTGCGT-
revers GAPDH, GAACGGGAAGCTCACTGG-forward and GCCTGCTTCACCACCTTCT-reverse miR-495-3p
AAACAAACAUGGUGCACUUCUU-forward and GAAGUGCACCAUGUUUGUUUUU-reverse HMGB1
TGCTGATTAGTTACCACAGTTCTGA-forward and CTCGGGTACACAGGACACACAA- reverse. The primers
above were all purchased from Ribo Biology Guangzhou China , in which U6 was used as the internal
reference of miR-495-3p and GAPDH as the internal reference of HMGB1. The expression of miR-495-3p
and HMGB1 in tissues or cells was analyzed by 2−ΔΔ CT method.

Cell transfection

MiR-495-3p mimics, inhibitors and their respective negative controls (control mimic and control inhibitor),
the short hairpin RNA(shRNA) HMGB1 and negative control (sh-NC) was synthesized by Ribo Biology
(Guangzhou, China).  The HMGB1 overexpression plasmid and the empty plasmid was supplied by
GenePharma Co. Ltd (Shanghai, China). The original medium was replaced with the serum-free medium
Opti-MEM (Gibco) when the con�uence degree of cells in the six-well plate reached 60%-70%. Then
Lipofectamine 3000 Kit (Invitrogen) was used for transfection according to the manufacturer's
instructions. After 6 hours, the Opti-MEM medium was replaced with medium containing 2% FBS or
complete medium. 48 hours after transfection, cells were collected for subsequent experiments.
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Cell Survival Test (CCK-8 assay)

We used Cell Counting Kit-8 Kit (Keygen Biotech Co. Ltd,Nanjing, China) to analyze the viability of cells
according to the instructions. After the corresponding transfection treatment, HT29 and SW480 cells were
seeded into 96-well plates with 1x104 cells per well.10μl of CCK-8 reagent was added to each well at 12,
24, 36, 48, and 60 hours after transfection. The cells were put back into the incubator for further
incubation for 2 hours and the absorbance was measured at 450nm.

 

Cell Proliferation Test (EDU assay)

Six hours after transfection, the cells were inoculated into 24-well plates. When the cells grew to 70%-80%
concentration, EDU reagent was added to each well at a ratio of 1:1000 and incubated for two hours.
Then the cells were �xed and stained according to the manufacturer's instructions (EDU Cell Proliferation
Kit, Ribo, Guangzhou, China). Finally, �uorescence microscope was used to observe the cells and image
them.

Cell migration Test (Transwell assay)

24 h after transfection, the cells were digested, and the concentration of cells was adjusted to
1×105 cells/ml with serum-free RPMI-1640. 100μl cell suspension were added to the upper compartment
of Transwell chamber, while RPMI-1640 medium containing 20% serum was added to the lower
compartment. After incubation for 48 hours, the transmembrane cells were �xed with 4%
paraformaldehyde and stained with 0.1% crystal violet, and the non-transmembrane cells were lightly
wiped off with a cotton swab. Finally, an inverted microscope was used for observation and imaging.

Cell apoptosis Test (�ow cytometry)

To detect apoptosis rates, we purchased apoptosis detection kits (BD Biosciences, CA, America). 48 hours
after transfection, the cells were collected, washed with PBS for three times and resuspended with an
appropriate amount of Binding Buffer. 1μl Annexin-V-Fluorescein isothiocyanate (FITC) was added for 15
min, and then 1μl Propidium iodide (PI) was added. (Each cell line was set with FITC staining alone, PI
staining alone and blank control to adjust the drawing gate.) Finally, apoptosis was detected by �ow
cytometry.

Correlation between miR-495-3p and HMGB1 (dual-luciferase reporter gene assay)

To evaluate the direct binding of miR-495-3p to HMGB1, we used the dual luciferase reporter assay. After
the wild-type and mutant-type vectors of HMGB1 3 '-UTR were designed, miR-495-3p mimic or control
mimic and wild-type or mutant-type vector plasmid were co-transfected into 293T cells (it is a very
common cell line expressing foreign genes for study, which is relatively easy to transfection). The co-
transfection groups were as follows: miR-495-3p mimic + MUT, miR-495-3p mimic + WT, control mimic +
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MUT, and control mimic + WT. After 24 hours, a dual luciferase reporter assay kit was used for
experimental analysis according to the instructions.

In vivo experiment of nude mice (armpit tumor formation)

We purchased 3-week-old SPF (special-solution-free) grade male nude mice from Hangzhou Ziyuan
Laboratory Animal Science and Technology Co., Ltd. (Hangzhou, China). A one-week quarantine was
conducted in the quarantine room of SPF animal laboratory of Wannan Medical College. About 2×106

HT29 cells were injected subcutaneously into the left axilla of each nude mouse. After that, the tumor
volume was observed and measured every three days. After 15 days, the mice were sacri�ced with
cervical dislocation, and the tumor bodies were isolated and weighed. All operations have passed the
experimental animal welfare and ethics review of Wannan Medical College.

Protein extraction and Western blotting

After 48 hours of transfection, the culture medium was sucked and discarded. 200μl of
Radioimmunoreception (RIPA) lysis buffer (Thermo Fisher, Ma, America) containing protease inhibitor
was added to each well of the six well plate, and then the protein in colorectal cancer cells was dissolved
at 4 ℃ for 30 minutes. Then, the supernatant containing protein was centrifuged at 4℃ under 7500
centrifugal force for 5 min. Proteins were isolated by SDS-PAGE constant pressure 80-120V
electrophoresis, and then transferred to PVDF membrane at constant current of 300mA. After sealed at
room temperature for one hour, the required HMGB1 (24kDa) and internal reference actin (42kDa) protein
bands were cut and placed into a 1:1000 ratio of primary antibody (ABclonal, Woburn, America) reaction
solution for overnight incubation at 4℃. The next day, after washing the membrane with TBST for three
times, the membrane was incubated in 1:5000 secondary antibody solution at room temperature for 2
hours. Exposure analysis was performed using a luminescent solution after washing the membrane
again. Image J software is used to process the gray value of strips.

Data analysis method

According to the mean and standard deviation of the three independent repeated experiments, GraphPad
Prism-8 software was used for analysis and mapping. The corresponding P value was calculated by t-
test. P<0.05 indicated statistically signi�cant difference, and was represented by *,P<0.01 was denoted by
**,P<0.001 is denoted by ***.

Results
miR-495-3p expression is decreased in CRC tissues and cell lines.

We used RT-qPCR to detect the expression level of miR-495-3p in 22 pairs of CRC tissues and their
paracancer tissues, four types of CRC cells (HT29,SW480,SW620,HCT116) and one normal colon
epithelial cell (FHC). The results showed that the expression of miR-495-3p was signi�cantly lower in CRC
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tissues compared with the corresponding paracancerous tissues (Fig. 1A). Compared with normal
intestinal epithelial cells, the level of miR-495-3p in CRC cells was also prominently reduced (Fig. 1B), and
the differential expressions of HT29 and SW480 were the most signi�cant. Therefore, these two cell lines
were selected to complete the following experiment. In order to further understand the speci�c role of
miR-495-3p in CRC, we transfected miR-495-3p mimic, control mimic, miR-495-3p inhibitor and control
inhibitor into HT29 and SW480 respectively to complete the high and low expression of miR-495-3p. RT-
qPCR results showed that this step was obviously successful (Fig.1C). At this point, we learned that miR-
495-3p was obviously under-expressed in CRC tissues and cell lines.

miR-495-3p inhibits the proliferation, migration and promote apoptosis of CRC cells

In order to investigate the effect of miR-495-3p on the proliferation of colorectal cancer cells, we
performed CCK-8 and EDU experiments on CRC cells (HT29 and SW480) transfected with miR-495-3p
mimic and inhibitor and their respective control groups. The results showed that compared with the
control group, the overexpression of miR-495-3p signi�cantly reduced the proliferation ability of cells,
while the proliferation ability of cells in the low-expression group of miR-495-3p was increased (Fig. 2A-
C). Meanwhile, the Transwell assay was used to explore the effect of miR-495-3p on the migration of CRC
cells. As shown in the �gures, fewer migrated cells were found in the group with increased miR-495-3p
expression compared with the control group, while more migrated cells were found in the group with
decreased miR-495-3p expression compared with the control group (Fig. 2D). The next experiment was to
detect the in�uence of miR-495-3p on the apoptosis of CRC cells by �ow cytometry. As we suspected, the
proportion of cells apoptotic after overexpression of miR-495-3p was increased, while the proportion was
decreased after knocking-down of miR-495-3p, compared with the respective control group (Fig. 2E). In
general, we proved that miR-495-3p could inhibit the proliferation and migration of CRC cells and promote
cell apoptosis, while knockdown of miR-495-3p could achieve the contrary result.

HMGB1 is the target gene of miR-495-3p, with an abundant expression in CRC.

Up to now, we have con�rmed that miR-495-3p could inhibit the malignant biological behavior of CRC
cells. In order to explore the mechanism of miR-495-3p's action more speci�cally, we used two databases
(TargetScan and RNAhybrid) to predict the downstream target genes of miR-495-3p. We discovered that
there were complementary sequences in the 3’UTR of HMGB1 mRNA and miR-495-3p, which may be the
direct binding site of the two molecule (Fig. 3A). To verify this hypothesis, we constructed HMGB1 wild-
type and mutant-type luciferase reporter gene plasmids, and then co-transfected these plasmids into
293T cells with miR-495-3p mimic and control mimic. In HMGB1 3’UTR wild-type, luciferase activity was
distinctly reduced after overexpression of miR-495-3p compared with the control group. However, in the
mutants whose binding sequences were changed, there was no signi�cant difference in luciferase activity
between the over-expression group of miR-495-3p and the control group (Fig. 3B). After transfection with
miR-495-3p overexpression,knockdown and corresponding controls, we detected the expression of
HMGB1 protein by Western blotting and HMGB1 mRNA by qPCR. Results as we expected, compared with
the control group, the protein and mRNA levels of HMGB1 decreased after overexpression of miR-495-3p,



Page 8/19

while the protein and mRNA levels of HMGB1 increased after decreased expression of miR-495-3p (Fig.
3C, D). Go a step further, HMGB1 is the target of miR-495-3p. After that, we found that the expression of
HMGB1 was up-regulated in CRC by TCGA database (Fig.3E). Meanwhile, the level of HMGB1 in �ve CRC
cell lines was detected by qPCR. Compared with FHC, the level of HMGB1 in four CRC cells was
signi�cantly increased. Among them, the differential expression of HT29 and SW480 was the most
obvious, which was consistent with the cell lines with the most signi�cant differential expression of miR-
495-3p (Fig.3F), suggesting that HMGB1 was highly expressed in CRC. On the whole, HMGB1, which is
highly expressed in CRC, is the target gene of miR-495-3p. To further study the orientation that HMGB1
contributes to CRC progression, three sh-RNAs and the overexpressed plasmid of HMGB1 were
constructed. Figure 3.1 shows the knockdown and overexpression e�ciency of HMGB1. Among the three
sh-HMGB1, the knockdown e�ciency of sh-HMGB1-3 is the highest, so we chose sh-HMGB1-3 to
complete the knockdown intervention step. 

HMGB1 promotes the proliferation and migration of CRC cells and inhibits apoptosis

After HMGB1 knockdown and overexpression, cell proliferation was also detected by CCK-8 and EDU.
Transwell assay was used to detect cell migration and cell apoptosis was detected by �ow cytometry.
CCK-8 and EDU assays revealed that, compared with the control group, the proliferation ability of cells in
the HMGB1 knockdown group was decreased, while the proliferation ability was increased in the
overexpression group (Fig.4A-C). Transwell results indicated that reduced HMGB1 expression resulted in
reduced migratory cells, while higher HMGB1 expression resulted in a corresponding increase in migratory
cells (Fig.4D). Subsequent �ow cytometry manifested that knockdown of HMGB1 inhibited apoptosis,
while overexpression of HMGB1 had the opposite affect (Fig. 4E). In short, HMGB1 promotes
proliferation, migration and inhibits apoptosis of CRC cells.

miR-495-3p inhibits proliferation and migration of CRC by targeting HMGB1 in vivo and in vitro.

Rescue experiments were conducted to further verify the function of miR-495-3p by targeting HMGB1.
Western blotting showed that the protein level of HMGB1 decreased signi�cantly after overexpression of
miR-495-3p alone, and increased correspondingly after overexpression of HMGB1 alone, while the protein
level of HMGB1 was between the two when overexpression of miR-495-3p and HMGB1 at the same time,
which indicated that co-transfection of miR-495-3p mimic and HMGB1 overexpression plasmid could
weaken the negative regulation of miR-495-3p on HMGB1 (Fig.5A). Further functional experiments CCK-8
showed that overexpression of HMGB1 attenuated the inhibitory effect of miR-495-3p on the proliferation
of CRC cells compared to negative controls (Fig.5B). Transwell experiments also con�rmed that the
inhibitory effect of miR-495-3p on the migration of CRC cells was weakened when HMGB1 and miR-495-
3p were overexpressed synchronously (Fig.5C,D).These results suggest that miR-495-3p can inhibit the
proliferation and migration of CRC cells by targeting HMGB1 in vitro. In order to elucidate the impact and
mechanism of miR-495-3p on tumor formation in vivo, HT29 cells stably transfected with miR-495-3p
overexpression or / and HMGB1 overexpression were inoculated subcutaneously into the left armpit of
nude mice (Fig. 5E). According to the experiment, compared with the control lentivirus group, tumor
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weight and volume in the miR-495-3p lentivirus group were signi�cantly decreased, and tumor weight and
volume in the HMGB1 lentivirus group were signi�cantly increased. However, the tumor volume and
weight of miR-495-3p&HMGB1 lentivirus group were between the former two groups (Fig.5F-H). Results
from Western blot of tumor tissues displayed the lowest expression of HMGB1 protein in the miR-495-3p
lentivirus group and the highest in the HMGB1 lentivirus group. Similarly, HMGB1 protein level of the co-
overexpression group of miR-495-3p and HMGB1 was located between miR-495-3p overexpressed alone
and HMGB1 overexpressed alone (Fig. 5J). These results indicate that miR-495-3p can inhibit colorectal
tumor growth in vivo while HMGB1 promotes tumor growth, and further indicate that miR-495-3p can
inhibit CRC cell proliferation by targeting HMGB1.

Discussion
miR-495-3p is involved in many pathophysiological processes. A research veri�ed that miR-495-3p can
play a role in intervertebral disc degeneration (IVDD) through inhibiting in�ammation and apoptosis of
human nucleus pulposus cells by targeting IL5RA [18]. Another study also suggested that miR-495-3p
may be related to lung function and chronic obstructive pulmonary emphysema (COPD) [19]. De�nitely,
miR-495-3p has been extensively studied in cancer, including the occurrence, development and drug
resistance of cancer. A research clari�ed that functional loss or inhibition of miR-495-3p can trigger the
overexpression of a variety of oncogenic epigenetic modi�ers (EMS), thereby promoting malignant
transformation and growth of gastric epithelial cells [15]. Chen et al. found that miR-495-3p inhibited
multidrug resistance of gastric cancer by regulating autophagy through GRP78/mTOR axis [20]. As far as
we know, few researchers have reported the speci�c role and mechanism of miR-495-3p in CRC. In this
study, we found that the expression of miR-495-3p was decreased in CRC tissues and cells, and arti�cial
intervention of miR-495-3p expression would affect the malignant phenotype of CRC cells. After the
overexpression of miR-495-3p, the proliferation and migration ability of CRC cells decreased and the
proportion of apoptosis increased. Conversely, miR-495-3p knockdown increased the proliferation and
migration ability, and reduced the proportion of apoptosis. These results suggest that miR-495-3p may
play a role as a tumor suppressor gene in CRC. 

In order to further explore the potential mechanism of miR-495-3p in CRC, we concluded that HMGB1
might be the target of miR-495-3p through bioinformatics analysis. HMGB1 consists of 215 amino acids
with two DNA binding domains (Box A and Box B) and an acidic tail. Among them, Box A played an
antagonistic role, while Box B played A cytokine inducing role. HMGB1 binds to DNA through the DNA
binding domain and regulates the structure of chromosomes, thereby regulating gene transcription [21].
Overexpression and abnormal secretion of HMGB1 play an important role in many diseases. Previous
studies have shown that HMGB1 plays a role in sepsis, atherosclerosis, rheumatoid arthritis and other
in�ammation-related diseases [22]. In recent years, many studies have focused on its role in a variety of
cancers, including CRC. Various reports have shown that HMGB1 expression is signi�cantly up-regulated
in breast cancer, gastric cancer, lung cancer and other cancers, and down-regulated in pancreatic cancer
[23-26]. Ueda et al. examined the expression of HMGB1 in cancer tissues and normal paracancerous
tissues of 140 patients with CRC using qPCR, and found that the expression of HMGB1 in tumor tissues
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was signi�cantly higher than that in normal tissues, and the high expression of HMGB1 was closely
associated with larger tumor volume, higher lymph node metastasis rate and lower survival rate [27]. In
our research, we also con�rmed the high expression of HMGB1 in CRC tissues and cells, and the high
expression of HMGB1 can promote the proliferation and migration of CRC cells. We also revealed the
negative regulatory relationship between HMGB1 and miR-495-3p, and con�rmed that HMGB1 was the
downstream target of miR-495-3p by dual-luciferase reporter gene assay. We also found that the
expression of HMGB1 protein and mRNA were signi�cantly decreased after the up-regulation of miR-495-
3p. Inversely, HMGB1 protein and mRNA levels were signi�cantly increased after down-regulation of miR-
495-3p. Further rescue experiments showed that, compared with the control group, HMGB1 could reduce
the inhibitory effect of overexpression of miR-495-3p on the proliferation and migration of CRC cells, and
this consequence was also veri�ed in vivo by our tumor formation experiment in nude mice. Those
suggests that miR-495-3p plays a role as a tumor suppressor gene in CRC by targeting HMGB1 in vivo
and in vitro.

Broadly speaking, we con�rmed the low expression of miR-495-3p in CRC and high expression of HMGB1
in CRC. Moreover, miR-495-3p regulates the proliferation, migration and apoptosis of CRC cells by
targeting HMGB1 in vivo and in vitro, revealing the expectation that miR-495-3p could be used as a
potential therapeutic target for CRC. In other words, we have discovered a new regulatory network that
affects CRC, and the downstream pathways of this regulatory pathway may be studied in detail in the
future.
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Figures

Figure 1
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miR-495-3p is underexpressed in colorectal cancer. (a) miR-495-3p levels in 22 pairs of CRC tissues and
their paracancer tissues assessed by RT-qPCR. (b) miR-495-3p levels in HT29, SW480, SW620, HCT116
and FHC cells assessed by RT-qPCR. (c) miR-495-3p levels in HT29 and sw480 cells transfected with the
control mimic, miR-495-3p mimic, control inhibitor, or miR-495-3p inhibitor assessed by RT-qPCR. RT-
qPCR, real-time quantitative polymerase chain reaction. *p < 0.05, **p < 0.01, and ***p < 0.001

Figure 2
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miR-495-3p suppresses malignant phenotypes of CRC cells. (a) Relative CRC cell growth rates at 12 h, 24
h, 36 h, 48 h, and 60 h after knockdown or upregulation of miR-495-3p were measured using a CCK-8
assay. (b) The effect of miR-495-3p on CRC cell proliferation was assessed by an EdU assay. (c) Relative
EDU positive cell numbers after miR-495-3p knockdown and overexpression. (d) Transwell assays were
performed to evaluate cellular migration after miR-495-3p knockdown and overexpression. (e) Flow
cytometry apoptosis experiments were used to measure the apoptosis rate of HT-29 and SW480 cells
after miR-495-3p knockdown and overexpression. * p < 0.05, **p < 0.01, and ***p < 0.001

Figure 3

HMGB1 is overexpressed in CRC and is the target gene of miR-495-3p. (a) Target genes of miR-495-3p
were predicted using TargetScan and RNAhybrid. b The relative luciferase activity was measured by
luciferase reporter assay. c  Western blotting for HMGB1 protein levels following miR-495-3p
mimic/inhibitor transfection. (d) HMGB1 mRNA levels in HT29 and SW480 cells after miR-495-3p
knockdown and overexpression assessed by RT-qPCR. (e) TCGA database analysis of HMGB1 expression
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in CRC. (f) HMGB1 mRNA levels in HT29, SW480, SW620, HCT116 and FHC cells assessed by RT-qPCR. *
p < 0.05, **p < 0.01, and ***p < 0.001

Figure 4

The e�ciency of HMGB1 knocking-down and overexpressing was assessed by qPCR as well as Western
blotting. * p < 0.05, **p < 0.01, and ***p < 0.001
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Figure 5

HMGB1 facilitates malignant phenotypes of CRC cells. (a) Relative CRC cell growth rates at 12 h, 24 h, 36
h, 48 h, and 60 h after knockdown or upregulation of HMGB1 were measured using a CCK-8 assay. (b)
The effect of HMGB1 on CRC cell proliferation was assessed by an EdU assay. (c) Relative EDU positive
cell numbers after HMGB1 knockdown and overexpression. (d) Transwell assays were performed to
evaluate cellular migration after HMGB1 knockdown and overexpression. (e) Flow cytometry apoptosis
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experiments were used to measure the apoptosis rate of HT-29 and SW480 cells after HMGB1 knockdown
and overexpression. * p < 0.05, **p < 0.01, and ***p < 0.001

Figure 6

miR-495-3p exerted its biological function by targeting HMGB1 in vivo and in vitro. a  HMGB1 protein
levels were restored after co-transfection with miR-495-3p mimics and HMGB1 plasmid in HT19 and
SW480 cells. (b) Overexpression of HMGB1 attenuated the effect of miR-495-3p on the proliferation of
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CRC cells. (c, d) Overexpression of HMGB1 attenuated the effect of miR-495-3p on the migration of CRC
cells. (e, f) Representative images of implanted mice and dissected tumor tissues. The HMGB1 lentivirus
group with the largest tumor volume were placed at the front, and the miR-495-3p lentivirus group with
the smallest tumor volume were placed at the end for the sake of facilitating the observation of tumor
size. (g) Growth curves of the tumors. Tumor volumes were measured using a slide caliper every 4 days
(n = 4). (h) Weights of xenograft tumor in different groups(n=4). (j) HMGB1 protein levels in xenograft
tumor tissues were detected by western blot analysis. * p < 0.05, **p < 0.01, and ***p < 0.001


