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ABSTRACT

Colorectal cancer (CRC) becomes the second leading cause of cancer-related deaths in 2020.
Emerging studies have indicated that microRNAs (miRNAs) play a key role in tumorigenesis and
progression. The dysfunctions of miR-455-3p are observed in many cancers. However, its biologi-
cal function in CRC remains to be confirmed. By sequencing serum sample, miR-455-3p was found
to be up-regulated in CRC patients. RT-gPCR demonstrated that the miR-455-3p expression was
both higher in the serum and tumor tissues of CRC patients. Furthermore, it indicated that miR-
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455-3p had the ability in promoting cell proliferation, suppressing cell apoptosis, and stimulating
cell migration. In vivo experiments also showed that miR-455-3p promoted tumor growth.
Additionally, H2AFZ was proved as the direct gene target of miR-455-3p by dual-luciferase
assay. Taken together, miR-455-3p functioned as a tumor promoter in CRC development by
regulating H2AFZ directly. Thus, it has enormous potential as a biomarker in the diagnosis of CRC.

1. Introduction

Colorectal cancer (CRC) is a common type of
digestive system cancer. Every year, approximately
2 million new CRC cases are reported in the world
[1] which prompts CRC to become the second
leading cause of cancer-related deaths in 2020,
with a 9.4% mortality rate [2]. The GLOBOCAN
2020 database recorded that the incidence of CRC
is up to 10.6% in Asia [2]. In 2020, it was esti-
mated that CRC has ranked second in cancer-
related deaths in Europe, with nearly 520 000
new cases and 245 000 deaths [3]. However, CRC
incidence and mortality have decreased in
European and northern American countries; con-
versely, the rates increased in China [3]. In China,
CRC incidence became the fourth, with a 9.88%
incidence in 2015 [4]. In 2020, CRC cases in China
were 28.8% (555,477/1931,590) of the world, and
CRC-associated deaths rate was as high as 30.6%
(286,162/935,173) of the world [5]. The current

situation of CRC is caused by the limitations in
understanding CRC tumorigenesis and develop-
ment [6-8]. The introduction of new screening
and therapy methods has extended the CRC
patient survival time [9-11]. However, despite
these improvements, most patients are still under
the threat of CRC [12]. This has prompted
research to uncover the molecular mechanisms of
CRC [13-15]. However, some problems such as
low specificity, invasion, and suffering still exist
[16-18]. There is a need to identify biomarkers
that can better predict the clinical outcome and
inform novel therapeutic strategies in increasingly
personalized cancer care. Additional molecular
biomarkers of CRC may be helpful in the diagno-
sis and assessment of prognosis [7,8,19-21].

The ongoing studies on  microRNAs
(miRNAs) revealed that miRNAs are vital for
the occurrence and development of tumors
[22-25]. miRNAs are non-coding, endogenous
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small RNAs that range from 19 to 25 nucleotides
in length. They are highly conserved and are the
key regulators in post-transcriptional gene regu-
lation [26-28]. They influence the messenger
RNA (mRNA) level or the protein level usually
by binding with the 3’-untranslated region
(UTR) of the mRNA to trigger the decomposi-
tion of mRNA or obstruct the translation of
mRNA to interfere with translation [29-31].
miRNAs participate in many life processes such
as development, cell differentiation, cell cycle
progression, apoptosis [26,31-33].
Newer functions of miRNAs have been reported
recently. Bridget et al. found that miRNAs play
a significant role in amyotrophic lateral sclerosis
[33]. Masako et al. observed that miRNA was
involved in neurological disorders [34]. In addi-
tion, previous studies demonstrated that the
expression profile of miRNAs in cancer cells

and cell

was significantly different from that in the nor-
mal cells [30]. Therefore, it can be speculated
that miRNAs may be associated with the occur-
rence and development of tumors. miRNAs are
consistent with traditional tumor suppressor
genes and proto-oncogenes to some extent
[30,32,35,36]. They are reported to regulate
tumor proliferation, metastasis, and invasion
and even lead to corresponding tumor apoptosis
and differentiation [37-42]. Yong et al. said that
miR-17-5p  regulated epithelial-mesenchymal
transition (EMT) by targeting vimentin in CRC
[43]. Cheng et al. proved that miR-195 pro-
moted an invasive phenotype in oral cancer
[44]. Currently, only 400 miRNAs have been
annotated [45,46]. In some studies, miR-455-3p
was observed to be related to the progression of
cancers, including osteosarcoma, breast cancer,
and pancreatic cancer [47-49]. In these studies,
miR-455-3p was speculated as a tumor suppres-
sor, which could affect tumor formation. In
CRC, Zheng et al. reported that miR-455-3p
was downregulated in the HCT116 cells [50].
However, in patients with infiltrating carcinoma
or lymph node metastasis of breast cancer, the

serum miR-455-3p levels were elevated [51]. Due
to the unstable miRNA expression pattern, the
miRNA detected
Moreover, only 400 miRNAs have been anno-

needs to be carefully.
tated. Numerous miRNAs have unknown biolo-
gical functions. It needs to be investigated that
more miRNAs should be uncovered and their
biological functions should be proved.

In this study, the miRNAs expression profiles
in the serum of CRC patients and that in the
healthy individual were sequenced and analyzed.
Several candidate miRNAs that were up-
regulated in CRC patients were further verified
for the expression pattern in the clinical samples.
miR-455-3p was found to be up-regulated in the
serum of CRC patients compared with that in
the healthy samples. Furthermore, a series of
experiments demonstrated that miR-455-3p pro-
moted CRC cell growth and invasion while inhi-
biting cell apoptosis. All the phenotype was
accomplished by directly targeting H2AFZ,
a highly conserved variant of H2A, which served
as a key regulator in cancer. Thus, miR-455-3p
can act as a new unique biomarker for the diag-
nosis of CRC patients. Also, it may be
a potential target for the treatment of CRC.

2. Materials and methods
2.1. Specimens and samples

Informed consent was signed by involved volun-
teers. All patients were sampled before any treat-
ment. From 2018 to 2020, 10 mL of blood was
collected from individuals reporting in the
Shenzhen Second People’s Hospital (Shenzhen,
China). The evacuated tube with anticoagulant
was employed to sample peripheral venous blood.
The blood samples were collected and mixed with
anticoagulant by shaking, then, stored at 4°C for
a while. The whole blood was centrifuged at 1
000 x g at 4°C for 10 min. The supernatants were
transferred into 1.5mL DNase/RNase-free tube
and stored at —80°C until further use. For the
validation study, cancer tissues and 5-cm adjacent
tissues were sampled from the CRC patients by



a surgical operation before any treatment and
immediately frozen at —80°C until use.

2.2. Cell lines

The FHC (human standard epithelial cell line) and
HCT116 (colorectal carcinoma cell line) cell lines
were purchased from the American Type Culture
Collection (ATCC, USA). DLD-1 (colorectal carci-
noma cell line) cells were acquired from the Cell
Bank, China Academy of Science (Shanghai,
China). Cells were cultured in a suitable medium
(Gibco, USA) supplemented with 10% fetal bovine
serum (FBS) (Gibco) and incubated with 5% CO,
at 37°C.

2.3. miRNA expression and sequencing

Equal volumes of serum from five healthy controls
and five CRC patients were used for sequencing
miRNAs expression by high-throughput BGISEQ-
500 (Beijing Genomics Institute, China). The data
were analyzed by the BGI workflow to find out
which miRNAs were high expression in CRC
patient serum.

2.4. miRNA extraction and reverse transcription

Initially, 400 uL of serum was thawed at 4°C and
used for miRNA extraction. Then, 1 mL lysis buf-
fer (QIAGEN, Germany) was added to the serum
and mixed thoroughly. Further, 3.5puL of the
external reference cel-miR-39 (Cel-39) (1 nM)
was added to the lysis solution. Next, following
the manufacturer’s instructions, total miRNAs
were extracted from the serum by using the
miRNA extraction kit (QIAGEN, Germany).
Finally, the miRNAs were eluted from the columns
with 14 pL of DNase/RNase-free water.

Tumor tissues and 5-cm adjacent tissues were
cut into small pieces and were prepared for
miRNA extraction. Then, 1 mL of the TRIzol
lysis buffer (RNAiso for Small RNA) (TAKARA
Bio, Japan) was mixed with the tissued pieces for 5
mins Then, the miRNAs were extracted according
to the extraction protocol. Then, the extraction
miRNAs were resuspended in 20 uL of DNase/
RNase-free water. 0.5 uL. DNase I (TAKARA Bio,
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Japan) was added to remove genomic DNA, incu-
bating at 30°C for 30 min. After that, 1 uL 0.5M
EDTA was added into the mixture, incubating at
80°C for 2min to inactivate the DNase I. The
miRNAs in cells were extracted in the same way.
The extraction method of miRNAs in cells was the
same as that in tissues.

The concentration of the miRNAs was quanti-
fied using the NanoDrop 2 000 spectrophotometer
(Thermo Scientific, USA). Around 200 ng of the
miRNAs were reverse-transcribed into cDNA
using the TaqMan  MicroRNA  Reverse
Transcription Kit (TAKARA Bio, Japan) according
to the manufacturer’s protocol.

2.5. RNA extraction and reverse transcription

Cells or tissues were harvested and lysed with 1 mL
of the TRIzol lysis buffer (Ambion, USA) and
incubated at room temperature for 5min. Next,
the RNA was extracted following the manufac-
turers’ instructions. Finally, RNAs were resus-
pended in 20 pL of DNase/RNase-free water. All
RNA  concentrations were quantified by
NanoDrop 2 000 spectrophotometer. Then, 500
ng of RNAs were reverse-transcribed into cDNA
using a cDNA synthesis kit (Beyotime
Biotechnology, China). All protocols were carried
out following the manufacturers’ instructions.

2.6. RT-qPCR (real time quantitative PCR)

After reverse transcription, complementary DNA
(cDNA) was averaged for each reaction for RT-
qPCR. The reactions were performed by using the
2 x SBGR Master Mix (Biomiga, USA) following the
manufacturer’s protocol. All reactions were run in
triplicates on the Applied Biosystems 7500 Fast
Real-Time PCR System (USA). Small nuclear RNA
U6 (U6) and glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) were used as the internal refer-
ences for miRNA and RNA detection in cell or
tissue samples, respectively. Cel-39 was the external
reference to measure miRNA expression in serum
sample. The Ct values were detected by the instru-
ment. The relative expression levels of the target
miRNA were calculated by 272" in the serum and
2 "2 in tissues or cell samples, respectively. ACt=

CtmiR—target'Ctinternal reference* AACt= (CtmiR—target'
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Ctinternal reference) cancer_(CtmiR—target_Ctinternal reference)
adjacent- Each serum was sampled from different

individuals. So, the result was calculated by 274",
However, each pair of tissue was taken from the

same patient. Thus, the conclusion was presented
bY 2 -AACt

2.7. Clinical analysis

Using the mean of miR-455-3p expression in CRC
patient serum value as a divided value. The
patients were divided into two groups with high
and low expression pattern. According to each
clinical feature, patients were grouped, and the
number of patients in each group was calculated.
A T-test was used for the determination.

2.8. Primers

During the miRNA reverse transcription proces-
sing, a specific sequence was added to the cDNA 3’
tail. Thus, the 3’ primers of all target miRNAs were
obtained from the TagMan MiRNA Reverse
Transcription Kit. The 5 miRNAs primers were
designed by the miRNA sequences. miR-455-3p
primer sequences are shown in Table 1. The pri-
mer sequences for other candidate miRNAs are
listed in Supplementary Table 1. U6 primers were
obtained from the previous study on miRNA
quantification (Table 1), and used as the internal
reference for miRNA quantification in cells or
tissue samples. Cel-39 was the external reference
for miRNA quantification in serum samples.
GAPDH was used as the internal reference for
RNA quantification. All primers of reference
genes are shown in Table 1. Primers of the target
gene, H2AFZ, are listed in Table 1. The sequence
of the control (NC) 5" primer which was used for
the in vivo assay is shown in Table 1, too.

Table 1. Primers for RT-qPCR.

primer sequence
miR-455-3P 5’ GCAGTCCATGGGCATATACAC
Cel-39 5’ TCACCGGGTGTAAATCAGCTTG
NC 5 TTCTCCGAACGTGTCACGTTT
ue F CTCGCTTCGGCAGCACA

U6R AACGCTTCACGAATTTGCGT
GAPDH F GCACCGTCAAGGCTGAGAAC
GAPDH R TGGTGAAGACGCCAGTGGA
H2AFZ F TCCCAGTGGGCCGTATTCAT
H2AFZ R GTTCAAGTACCTCTGCGGTGA

2.9. Transfection

Human miR-455-3p mimics, inhibitors, and nega-
tive control (mimics-NC and inhibitor-NC) were
synthesized by GenePharma (China) (sequences
are shown in Table 2). H2AFZ mutant plasmids
and wild-type plasmids (for dual-luciferase report
assay) were constructed by GENEWIZ (China)
(sequences were shown in Supplementary
Table 2). Cells were seeded for 12 h before trans-
fection. Next, the cell medium was replaced by the
serum-free medium. RNAs, plasmids, or both were
mixed with serum-free medium, incubating for 5
min at room temperature. The transfection
reagent (Lipofectamine 3000, Thermo Fisher) was
diluted by serum-free medium and incubated for
5min at room temperature. Then, the reagents
were mixed and incubated for 15 min. Later, the
mixture was added to the cell medium. After 24 h,
the culturing medium was replaced with a medium
with 10% FBS. Cells transfected with RNA or
plasmids were employed for the other assay.

2.10. Cell viability assay

Cells transfected with RNAs or plasmids continued to
be cultured. Later, 10 uL of CCK-8 solution was added
and incubated at 37°C for 2 h. The optical density was
measured at 450nm using a microplate reader
(Tecan, Switzerland). In the assay of miR-455-3p
improving cell viability, the mimics-NC group was
used as the reference of the mimics group; the inhi-
bitor-NC group was used as the reference of the
inhibitor group. All data were normalized with corre-
sponding reference groups.

2.11. Colony formation assay

Colon cancer cells were plated in a 6-well plate
and transfected with synthesized RNA. After
transfection, the cells were digested and re-seeded

Table 2. Synthesized RNA for transfection.

name Sequences 5’-3’
mimics GCAGUCCAUGGGCAUAUACAC
GUAUAUGCCCAUGGACUGCUU
inhibitors GUGUAUAUGCCAUGGACUGC
mimics-NC UUGUACUACACAAAAGUACUG
GUACUUUUGUGUAGUACAAUU
Inhibitor-NC CAGUACUUUUGUGUAGUACAA




in a fresh 6-well plate, 1 000 cells per well.
Culturing until the colonies form (7-9 days). The
colonies were washed with phosphate-buffered sal-
ine (PBS), then, fixed with methanol for 40 min.
After that, the samples were washed with PBS
again and incubated with crystal violet to stain
the colonies for 15 min in the dark. Excess crystal
violet was removed with PBS. The colonies were
then photographed and counted one by one to
calculate the numbers.

2.12. Cell apoptosis assay

After being transfected with RNAs for 48h, the
culture medium and the transfected cells were har-
vested by digestion and centrifugation at 3 000 rpm
for 5 min. Further, the cells were resuspended and
washed twice with pre-cooled PBS to reduce med-
ium interference. Later, 500 pL of the binding buffer
(Yeasen, China) was added, followed by staining
with Annexin Fluorescein isothiocyanate (FITC)
and propidium iodide (PI) according to the manu-
facturer’s instructions (Yeasen, China). In the dark,
the cells were stained for 20 min. Finally, using
a flow cytometer (BECKMAN, USA) to detect cell
apoptosis. The cells without transfected were used as
blank to reduce the background. Cells stained with
only one color were used to control the threshold.
Cells in experimental groups were detected and
analyzed. The rate of apoptosis cell was analyzed
and presented by a bar chart.

2.13. Cell migration assay

The Transwell assay aimed to measure the ability of
cell migration. In the lower chamber, 700 pL of the
Roswell Park Memorial Institute 1640 (RPMI 1640)
medium containing 20% FBS was added to the 24-
well plates. Then, 8-um of pore-size culture inserts
(BD Falcon, USA) were positioned into it. Post
transfection, the cells were digested and resuspended
in the FBS-free medium. The same quantity of cells
(60 000 cells/chamber) with different treatments was
placed into 8-um of pore-size culture inserts (upper
chamber). After 48 h, the chambers were taken out.
Washing and staining like treatment with colonies.
Then, the cells grown in the upper chamber were
erased; the cells migrating into the lower chamber
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were photographed using an inverted microscope
(x200) (Leica, Germany) and counted by Image J.

2.14. Prediction target gene

To find out miR-455-3p target genes, databases,
like TargetScan, starBase, miRWalk, and mirDIP,
were used to predict its target genes. The intersec-
tion of four groups was used as candidate genes.
The intersection was further analyzed by STRING
to know the protein-protein interaction. The GO
and KEGG pathway were intended to predict the
function of genes. The purpose of the above ana-
lysis was to discover miR-455-3p target genes.

2.15. Dual-luciferase reporter assay

The potential binding sites (in H2AFZ) of miR-
455-3p were predicted by TargetScan. Two
sequences of H2AFZ were synthesized separately
(see Supplementary Table 2): one segment con-
tained the potential binding sites in the middle,
and the other segment with the mutant sites was
used as the control. These segments were con-
structed into the pmirGLO plasmid, respectively
(GENEWIZ Company, China). The vector infor-
mation is shown in S1. After transfecting for 48 h,
the cells were treated with 100 uL of the Luciferase
Assay Reagent II (Promega, USA). Firefly lucifer-
ase activities were analyzed by the microplate
reader (TECAN). Immediately, the Stop & Glo®
Reagent was added to terminate the luciferase
activity, next, the Renilla luciferase reporter activ-
ity was recorded. The data were presented for
Firefly luciferase reads/Renilla luciferase reads to
reduce the error caused by plasmid quantity.
Furthermore, the experimental group was normal-
ized by the control group, and the data were pre-
sented by relative luciferase activity.

2.16. Restore assay

The plasmids for overexpression of H2AFZ and
control plasmids were constructed by GENEWIZ
(sequences were shown in Supplementary Table 3).
pcDNA3.1(+) was used as the plasmid backbone for
construction. The plasmids that could increase
H2AFZ expression level were transfected into the
cells to observe cell proliferation, apoptosis and
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Table 3. Relationship between miR-455-3p expression and clinicopathological parameters of 34 CRC patients.

IBSP expression levels

High Low Ratio
Number of patients(N%) expression expression (High/Low) P-value
Gender
male 20(58.8%) 7 13 0.538 0.978
female 14(41.2%) 2 12 0.167
Age
<50 5(14.71%) 1 0.25 0.537
>50 29(85.29%) 8 21 0.381
TNM stage
I+ 19(55.88%) 6 13 0.462 0.028*
N+Iv 15(44.12%) 2 13 0.154
Lymph nodes metastasis
NO 19(55.88%) 6 13 0.462 0.028*
N1+N2 15(44.12%) 2 13 0.154
Distant metastasis
Mo 3294.12%) 8 24 0.333 0.537
M1 2(5.88%) 1 1 1

NO: No regional lymph node metastasis;N1: Metastasis in 1-3 regional lymph nodes; N2: Metastasis in 4 or more regional lymph

nodes.
MO: No distant metastasis; M1: Distant metastasis.

migration. The mimics and H2AFZ plasmids were
both transfected into cells to observe the phenotype,
including cell proliferation, apoptosis and migration.
Data analysis was the same as described above.

2.17. Western blot analysis

Cells treated with transfection were collected and
lysed by the Radio-Immunoprecipitation Assay
(RIPA) Lysis Buffer (Beyotime Biotechnology,
China). The total protein was extracted by centrifu-
ging the lysate at 14,000 x g for 10 min at 4°C. Later,
protein denaturation was carried out. 20 pg of the
protein was loaded into the channel for western
blotting. The primary antibodies for vimentin,
snail, cleaved caspase 3, cleaved caspase 7, and
H2AFZ were purchased from Cell Science
Technology (USA). The primary antibodies were
diluted 1 000 for use. The p-actin primary antibody
(1: 1 000 dilution) and all secondary antibodies (1: 5
000 dilution) were acquired from Beyotime
Biotechnology (China). Western blot results were
photographed by TANON. The analysis was further
performed by Image J.

2.18. In vivo tumorigenicity

Stably overexpressing miR-455-3p lentiviruses were
created by GENEWIZ (China). Lentiviruses were

used to infect the HCT116 cells to acquire the stably
overexpressing miR-455-3p cells. The cells infected
with lentiviruses with NC sequence served as the
control. Nude mice for assay were purchased from
the Guangdong Medical Laboratory Animal Center:
all were male BALB/c-nu/nu (4 weeks). The HCT116
cells stably overexpression miR-455-3p and NC were
injected subcutaneously into the nude mice (5 mice
per group, respectively). The tumor size was mea-
sured every alternate day. The tumor volume was
calculated as lengthx widthx width/2. Finally, the
mice were sacrificed by cervical dislocation on the
14" day. The tumors were separated and frozen at
—80°C until used. All experimental procedures were
approved by the Animal Ethics Committee of
Tsinghua University.

2.19. Statistical analysis

Statistical analysis was carried out using GraphPad
Prism 8 for Windows. Photos were analyzed by
Image J. All measurements or variables were
shown as mean +SD. All bar charts were shown
as meantSD in three independent experiments.
The values were compared using Student’s t-test
between groups. The area under the receiver oper-
ating characteristic curves (AUC) was used to esti-
mate the detection of miR-455-3p in clinical serum
samples.



3. Results

3.1. miR-455-3p was significantly upregulated in
CRC

For initial screening, the miRNA expression pro-
files in the serum were sequenced. The miRNA
concentration in the serum was presented as
a copy number (Supplementary Table 4).
Sequencing data (Figure la) showed that 11
miRNAs were significantly highly expressed in
the serum of CRC patients.

In the second stage, the miRNA expression of
these 11 candidates was measured from serum
samples of 35 CRC patients and 35 healthy volun-
teers by RT-qPCR. Cel-39 was the external refer-
ence for normalizing the RT-qPCR data. The
result showed that only miR-455-3p increased its
expression level in the serum of patients
(Figure 1b), which was consistent with the sequen-
cing results. The expression pattern of other
miRNAs in the serum are shown in Figure S2
(30 pairs of samples were measured in each
miRNA expression assay). The ROC curve was
analyzed to assess the diagnostic value for detect-
ing the CRC and healthy samples. The AUC of
miR-455-3p was 0.7631, and the p-value was less
than 0.0001 (Figure Ilc). It was speculated that
serum miRNA-455-3p could function as
a biomarker for CRC diagnosis. For further vali-
dation of the differential expression of miR-455-
3p, the tumor tissues and 5-cm adjacent tissues
were collected from the hospital patients.
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miRNAs were extracted and analyzed by RT-
qPCR assay. It indicated that the miR-455-3p
expression pattern was stable, and highly
expressed in cancer tissues (Figure 1d). Given the
phenotype, it was reliable that miR-455-3p could
be a new indicator for CRC diagnosis. For further
understanding of the relationship between miR-
455-3p and clinical characteristics, clinical analyses
were carried out. Due to the loss of 2 patients’
information, 34 patients were statistically analyzed.
The observation showed that the expression levels
of serum miR-455-3p were significantly associated
with degree of lymph nodes metastasis (p = 0.028),
while patients gender, ageand distant metastasis
weren’t related to serum miR-455-3p expression
level (Table 3). The detail can be seen in supple-
mentary Table S5. miR-455-3p expression level in
tissue sample was associated with clinical charac-
teristics. Table 4 shows that the miR-455-3p
expression level wasn’t related to patient gender
and age (details seen in supplementary table S6).
However, it was involved with a degree of lymph
nodes metastasis (p=0.001) and metastasis(p =
0.013). The result meant that miR-455-3p could
be an indicator to determine the CRC stage. All
evidence showed that miR-455-3p was signifi-
cantly up-regulated in CRC and could function
as a potential biomarker to discriminate between
CRC and control samples. Also, the conclusion
meant that miR-455-3p might be like an oncogene,
influencing the occurrence and development of
colorectal cancer.

Table 4. Relationship between miR-455-3p expression and clinicopathological parameters of 73 CRC patients.

miR-455-3p expression levels

High Low Ratio
Number of patients(N%) expression expression (High/Low) P-value
Gender
male 42(57.5%) 20 22 0.909 0.877
female 31(42.5%) 14 17 0.824
Age
<50 16(30.1%) 7 9 0.778 0.621
>50 57(69.9%) 27 30 0.900
TNM stage
I+I1 35(47.9%) 1 24 0.458 0.001*
N+1v 38(52.1%) 23 15 1.533
Lymph nodes metastasis
NO 35(47.9%) 1 24 0.458 0.001*
NT+N2 38(52.1%) 23 15 1.533
Distant metastasis
MO 67(91.8%) 30 37 0.811 0.013*
M1 6(8.2%) 4 2 2

NO: No regional lymph node metastasis; N1: Metastasis in 1-3 regional lymph nodes; N2: Metastasis in 4 or more regional lymph nodes.

MO:No distant metastasis; M1: Distant metastasis.
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Figure 1. MiRnas expression pattern in the different cohorts. (A) Relative high expression miRnas in CRC patient serum by
sequencing. Relative expression was calculated by log,Ratio (miRNA reads in patient/miRNA reads in volunteer). Relative expression
> 2-fold indicated overexpression, 5 pairs of serum samples were detected. (B) MiR-455-3p expression pattern in patient serum and
control serum. Thirty-six pairs of serum samples were tested. (C) Receiver Operating Characteristic (ROC) curve of serum miR-455-3p
expression pattern. (D) MiR-455-3p expression in patient tissues and adjacent tissues. Seventy-three pairs of tissue samples were
detected. (E) H2AFZ expression in patient tissues and adjacent tissues. Sixteen pairs of tissue samples were used to test. Data were
shown as the mean = SD. *P < 0.05, **p<0.01, *** P < 0.001 and ****p<0.0001 vs the control group. All graphs were the average of

three independent experiments.

3.2. miR-455-3p promoted colon cancer cell
growth

In the serum and tissues of CRC patients, miR-455-
3p was significantly upregulated, indicating
a probable oncogenic role of miR-455-3p in pro-
moting tumor development and progression. To
explore the potential biological functions of miR-
455-3p, its mimics, inhibitor, mimics-NC, and
inhibitor-NC were transfected separately into the

colon cancer cells. The miRNAs were extracted
from the transfected cells. RT-qPCR was carried
out to confirm the successful transfection of
RNAs. miR-455-3p was highly expressed in the
mimics group versus its corresponding control
group (Figure S3). The inhibitor group showed
a significant decrease in miR-455-3p expression
(S§3).The results demonstrated that the synthesis
RNAs were capable of controlling miR-455-3p
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Figure 2. MiR-455-3p promoted CRC cell proliferation in vitro. (a, b) MiR-455-3p improved cell viability. The cell viability was
measured with CCK-8. (¢, d) MiR-455-3p accelerated colony formation. Cell transfected with corresponding materials were re-
seeded in a 6-well plate for 7-9 days. Data were shown as the mean + SD (n=3). * means P < 0.05 and *** means P < 0.001,
respectively. All data were performed triplet. All graphs are the results of three independent experiments.

concentration in the cells. In addition, the upregu-
lation of miR-455-3p expression promoted cell pro-
liferation of the investigated cell lines (Figure 2a).
In contrast, cells lines transfected with the inhibi-
tors displayed significantly reduced proliferation
ability (Figure 2a). Furthermore, cell proliferation
increased more quickly with time in the mimics
group than that in the mimics-NC group
(Figure 2b). For further validation, the colony-
forming assay was conducted, and it confirmed
that more miR-455-3p significantly boosted cell
colony formation and cell growth rate (Figure 2c-
d). Above all, miR-455-3p was associated with cell
proliferation, which indicated that miR-455-3p
served as an oncogene during tumorigenesis.

3.3. miR-455-3p inhibited cell apoptosis by
suppressing apoptosis-related protein

Cell apoptosis was evaluated by flow cytometry to
further explore the function of miR-455-3p, The
cells were transfected with different RNAs, and
then cell apoptosis was assessed. The rate of early
and late apoptotic cells in the mimics group was
significantly lower, compared to that in the
mimics-NC group (Figure 3a); the existence of
inhibitors restored this reduction. The total pro-
teins were extracted from the transfected cells.
Western blot determined that the protein concen-
tration of cleaved caspase 3 and cleaved caspase 7
were down-regulated in the mimics group com-
pared to that in control, while in the inhibitors
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Figure 3. MiR-455-3p inhibited cell apoptosis. (a) MiR-455-3p hindered cell apoptosis in HCT116 and DLD-1. After overexpression of
miR-455-3p or knock-down miR-455-3p, cell apoptosis was analyzed by examination of Annexin V-FITC and Pl double-staining. The
statistical chart was attached to the corresponding image. (b) Apoptotic protein cleaved caspase 3 and cleaved caspase 7 were
analyzed by western blot. The bar graph was the quantitative analysis of western blot. Data were shown as the mean + SD (n=3). *
means P < 0.05 and *** means P < 0.001, respectively. All data were performed triplet.

group, the protein was more abundant than that in
the corresponding group (Figure 3b). This observa-
tion demonstrated that the apoptosis pathway was
inhibited by suppressing cleaved caspase protein.
Thus, miR-455-3p could influence cleaved caspase
protein to regulate cell apoptosis for promoting
CRC development.

3.4. miR-455-3p promoted CRC cell migration by
regulating EMT

To investigate the impact on colon cancer metastasis,
the Transwell assay was performed. The transfected
cells were digested and re-seeded to the up chambers.
The overexpression of miR-455-3p significantly
strengthened the migratory capability, while its inhi-
bition reduced the ability in both cell types (Figure 4a-

b). It was reported that vimentin and snail were
related with EMT, which could affect cell migration.
Now that cell migration was proved in vitro, EMT-
related proteins might be regulated by the miR-455-
3p. Cells were prepared for western blot to measure
the protein changes. The observation showed that
vimentin and snail expression was upregulated in
the cells transfected with mimics (Figure 4c); while
the knock-down of miR-455-3p suppressing the pro-
tein expression. Overall, it was speculated that miR-
455-3p could enhance the migration ability of the
cancer cells by upregulating EMT-related protein.

3.5. miR-455-3p could directly regulate H2AFZ

For investigation of the pathway of miR-455-3p,
databases such as TargetScan, starBase, miRWalk,
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and mirDIP were employed to predict its target
genes. The intersection was used for further ana-
lysis. The protein-protein interaction network
showed that H2AFZ played a vital role that was
similar to a hub-gene (Figure 5a). It was involved
in these pathways and had a strong relationship
with the remaining gene. Additionally, the KEGG
pathway and GO analysis also found that they
were enriched in an RNA-related pathway
(Figure 5b-c). Therefore, among these targets,
H2AFZ was chosen as the candidate target gene.
First, the expression level of H2AFZ mRNA was
measured in cancer tissues and their adjacent tis-
sues. As Figure le showed, H2AFZ was down-
regulated in cancer tissues compared with that in
adjacent tissues. The expression pattern of H2AFZ
was in contrast with that of miR-455-3p.
Moreover, the mRNA and protein level of
H2AFZ in different cancer cell lines was lower
than that in normal cell lines (Figure S4-5). The

observation was also contrary to that of miR-455-
3p expression pattern in cell lines (Figure S6).

To explore whether there is a straight interaction
of miR-455-3p and H2AFZ, the dual-luciferase assay
was run. The fragment of H2AFZ was constructed
into the vector containing the luciferase-coding
sequence. The FHC cell was co-transfected with
the vector and the RNAs. The experiments revealed
that the luminescence signal was reduced in the
wild-type and the mimics co-transfected cells
(Figure 5d), which meant that miR-455-3p inter-
acted with H2AFZ to suppress the luciferase expres-
sion. Also, the H2AFZ gene expression level was
evaluated in the cells after transfecting with RNAs.
The H2AFZ expression was downregulated at both
mRNA and protein levels (Figure 5e-f) by the
mimics. Conversely, the inhibitors promoted
H2AFZ expression. To further confirm the relation-
ship between miR-455-3p and H2AFZ, H2AFZ
overexpression plasmids were synthesized and
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transfected into the HCT116 and DLD-1 cell lines.
In Figure S7, it was obvious that the H2AFZ gene
could be overexpressed in cells successfully.
Furthermore, cell viability, apoptosis and migration
ability were significantly changed by H2AFZ over-
expression (Figure 6 and Figure S8), just contrary to
the result of overexpression miR-455-3p:

overexpressing H2AFZ decreased their proliferation
and migration ability. However, it increased the cell
apoptosis rate. In contrast, due to the excision of
miR-455-3p mimics, the overexpression H2AFZ
was suppressed: cell viability and migration were
restored, while cell apoptosis decreased (Figure 6
and Figure S8). It indicated that miR-455-3p might
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interfere with H2AFZ to promote CRC progression.
Taken together, it was evident that H2AFZ was
a direct target gene of miR-455-3p.

3.7. miR-455-3p promoted tumor growth under
in vivo conditions

The earlier observations demonstrated that miR-
455-3p promoted CRC under in vitro conditions.
To further define the in vivo mechanisms,
HCT116 cells transfected with miR-455-3p stably
expressing the mimics or the negative control were
constructed with lentiviruses. The cells were
injected into the nude mice, respectively. Under
in vivo conditions, the tumor growth rate was
accelerated by  miR-455-3p stimulation
(Figure 7a-b). The growth rate of the tumor indi-
cated that overexpressing miR-455-3p promoted
tumor development in vivo. Tumor tissues were
collected and analyzed. RT-qPCR revealed that
miR-455-3p was significantly upregulated in the
experimental group compared to the control
group, while H2AFZ was downregulated by miR-

455-3p (Figure 7c-d). Additionally, the H2AFZ
expression significantly decreased at protein levels
in the experimental group of nude mice
(Figure 7e). The upregulation and downregulation
of EMT-related and apoptosis-related proteins
from the mouse tissue complied with the in vitro
results, respectively (Figure 7e). All evidence con-
firmed that miR-455-3p stimulated the progres-
sion of CRC in vivo by promoting tumor growth.

4. Discussion

miR-455-3p has been linked to tumorigenesis.
Recent studies have associated miR-455-3p with
the progression of cancers like osteosarcoma,
breast cancer, and pancreatic cancer [47-49] by
functioning as a tumor suppressor. Zheng et al.
reported that miR-455-3p was downregulated in
the HCT116 cells [50]. However, in patients with
infiltrating carcinoma or lymph node metastasis of
breast cancer, the serum miR-455-3p levels were
elevated [51]. The functions of miR-455-3p in
CRC have not been investigated, and its expression
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profiles are contradictory in different reports.
Thus, the biofunction and expression pattern of
miR-455-3p were studied in CRC. Using miRNA-
seq, the expression profile showed that 11 miRNAs
were found to elevate in the patient serum sam-
ples. RT-qPCR further confirmed that the candi-
date miRNA expression pattern in clinical
samples. Nevertheless, only miR-455-3p was sig-
nificantly upregulated in both serum and tissue.
According to overexpressed miR-455-3p in clinical
samples, it was speculated that it could act as an
oncogene in tumorigenesis and development of
CRC. AUC analysis indicated that miR-455-3p
had high sensitivity and specificity in discriminat-
ing CRC patients. The serum miR-455-3p
obtained from clinical samples has the good
potential in the diagnosis of CRC. In the study,
a clinicopathological analysis also showed that
serum miR-455-3p was associated with lymph

nodes metastasis (Table 3), not related to patient
age, gender, TNM stage or distant metastasis. The
miR-455-3p expression level in tissue was asso-
ciated with lymph nodes metastasis and distant
metastasis (Table 4). Based on the relationship
between miR-455-3p expression level and clinical
characteristics, it can be speculated that miR-455-
3p might promote CRC progress, especially metas-
tatis. Although, low serum miR-455-3p level
seemed associated with the lymph nodes metasta-
sis in tissue. The miR-455-3p expression level was
higher in lymph nodes of metastatic patients. It
was observed that miR-455-3p was up-regulated in
tumor cells but its release was blocked somehow. It
should be explored in the future. Anyway, the
investigation of the relationship between serum
miR-455-4p and clinicopathological characteristics
showed that detection of serum miR-455-3p could
be used for distinguishing patient situation and



CRC stage. Clinical samples also made us under-
stand the reality expression pattern of miR-455-3p
better in vivo, and the result could uncover miR-
455-3p role in the real situation. The outcomes
between in vivo and in vitro are often inconsistent.
Beginning with the clinical sample is conducive to
forecast the result of experiment in vivo.
Moreover, the conclusion will be more reliable
for further exploring.

miR-455-3p could be a promising biomarker in
CRC patient serum based on the ROC curve.
Further validation by RT-qPCR, the miR-455-3p
expression level was higher in cancer tissue than
that in adjacent tissue. The result showed the miR-
455-3p had high sensitivity and specificity
(Figure 1.c). Other studies also revealed that
miRNA is a more sensitive, specific, noninvasive
biomarker and exists in serum stably [35-37].
However, detecting one biomarker in disease diag-
nosis still is lack of specificity and accuracy. The
false positive rate and false negative rate are
higher. The combined use of multiple miRNAs
can improve the accuracy of diagnosis, decreasing
the false rate. So, more miRNAs need to be dis-
covered for the characterization and improving
diagnosis method of CRC.

Evidence showed that miRNAs are connected to
tumor development and progress by participating
in cell proliferation, cell cycle, cell apoptosis, and
cell migration. For example, miR-1915-3P acti-
vates the ERK1/2 pathway and targets DUSP to
interfere in breast cancer [51]. miR-139-5p
represses CRC by targeting NOTCHI, resulting
in reducing cell proliferation, cell cycle arrest, etc
[52]. The evaluated miR-196b-5p promotes CRC
by regulating the Epithelial-mesenchymal-
transition (EMT) [53]. However, the role of miR-
455-3p in CRC remains unclear. According to the
high-expression in CRC samples, miR-455-3p may
have a putative tumor promotion function. The
cell viability and colony formation experiments
proved that miR-455-3p could accelerated cell
growth and cancer progression. Under in vivo con-
ditions, faster growth rate was observed in the
group overexpressing miR-455-3p compared to
the control group. These observations indicated
that miR-455-3p functioned as an oncogene in
tumorigenesis. The flow cytometry result indicated
that cell apoptosis was reduced by overexpressing
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miR-455-3p in the HCT116 and DLD-1 cells
(Figure 3a). The level of cleaved caspase 3 and
cleaver caspase 7 were significantly reduced
(Figure 3b). Emerging studies showed that cas-
pase-related proteins play a crucial role in cell
apoptosis. Apoptosis is generally mediated by
mitochondrial outer membrane permeabilization
and activation of subsequent effector caspases,
including caspase 7 [54]. First, apoptosis is
initiated by the BCL-2 family members Bax and
Bak. Next, pro-apoptotic proteins like cytochrome
c are released from the intermembrane space into
the cytosol [55]. The binding of cytochrome ¢ with
Apaf-1 results in activating caspase proteins [55].
Therefore, the level of cleaved caspase 3 and
cleaved caspase 7 were evaluated. It was found
that the knockdown of miR-455-3p may activate
cleaved caspase 3 and cleave caspase 7 to initiate
cell apoptosis. This result could explain the reason
behind promoting CRC development by miR-455-
3p from the perspective of apoptosis. Moreover,
we found that the cell invasion was enhanced in
the group overexpressing miR-455-3p. Amparo
Cano et al. proved that over expression of Snail
increased the expression of mesenchymal markers
(vimentin and fibronectin) [56]. The change was
associated with the cell invasive and migratory
properties [57]. Jean Paul Thiery et al indicated
that snail could regulate vimentin to effect cell
EMT [58]. Increasing studies have demonstrated
the overexpression of snail or vimentin were posi-
tive related with cancer invasion or migration
[59,60]. It was studied that miR-455-3p could sti-
mulated snail and vimentin expression to boost
cell migration (Figure 4c), which was consistent
with the in vivo result (Figure 7d). All molecular
mechanisms demonstrated that miR-455-3p func-
tioned as an oncogene in CRC and involved tumor
development, progress, apoptosis and invasion.
Investigating these molecular mechanisms can
offer new insights into CRC diagnosis and
treatments.

miRNAs regulate gene expression usually by
interfering with several 3’-UTRs of the mRNAs
[29-31]. To further understand the biological
functions of miR-455-3p, its possible target genes
were predicted. H2AFZ was one of these candidate
target genes. H2AFZ, a variant of H2A, is asso-
ciated with gene expression and DNA repair [61].
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H2AFZ may function as an activator or a silencer
by surrounding the gene transcription start site
(TSS) [62]. Stephen et al. proposed that the local
exchange of H2AFZ can regulate c-myc [63].
Additionally, in many cancers, the expression of
c-myc is dysfunctional [64] which means H2AFZ
may have a connection with cancer. Moreover,
evidence also showed that H2AFZ affected cell
mitosis, neural crest differentiation and EMT
[65-68]. In melanoma, the loss of H2AFZ changes
the chromatin structure, which caused cancer [62].
Considering these facts, the dysfunction of H2AFZ
was speculated to be related to tumorigenesis and
progression. Hence, it was chosen as the putative
target gene of miR-455-3p. In the dual-luciferase
assay, the wild-type plasmid with overexpressing
miR-455-3p group showed a lower signal than the
control group which indicated that miR-455-3p
could interference with H2AFZ to influence its
expression (Figure 5d). RT-qPCR and western
bolt also indicated that the reduction in H2AFZ
was due to overexpression of miR-455-3p; the use
of inhibitors could restore this situation
(Figure 5e-f). To verify the conclusion, overexpres-
sion H2AFZ plasmids were synthesized and trans-
fected into the HCT116 and DLD-1 cell lines. This
assay showed that cell viability and migration abil-
ity were significantly reduced by H2AFZ (Figure 6
and Supplementary Fig.8). And cells containing
whole plasmids had higher apoptosis rate.
Furthermore, the miR-455-3p could rescue the
damage of H2AFZ. Cell transfected with mimics
and H2AFZ plasmids could act similarly to the
cells transfected with control plasmids. It was
obvious that overexpression H2AFZ achieved the
same results with interference miR-455-3p expres-
sion. The result indicated that miR-455-3p could
regulate H2AFZ to promote CRC. It will be clear
to understand the mechanism of miR-455-3p in
CRC occurrence and development. In the current
study, only few miR-455-3p target genes were
identified and the involvement of the other target
genes in the CRC process is unclear. The discovery
of different target genes is essential for the com-
plete understanding of the biological function of
miR-455-3p. Moreover, there is a limitation that
the accuracy of the predicting target gene is low.
More reliable algorithms are needed. A complete

algorithm and software will significantly reduce
the task of discovering new target genes.

In conclusion, the potential clinical relevance of
miR-455-3p in colon cancer was identified. Its
expression was upregulated in serum and tissues of
CRC patients compared to the controls. Thus, miR-
455-3p may act as a biomarker in the diagnosis of
colon cancer in the future. Further research on miR-
455-3p revealed that it could promote CRC by
endorsing development, invasion, and inhibiting
apoptosis. Under in vivo conditions, miR-455-3p
also stimulated the tumor growth rate. In general,
miR-455-3p could function as an oncogene by reg-
ulating H2AFZ directly in CRC.
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