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Background: Colorectal cancer (CRC) is one of the most common malignant tumors in the
digestive system. The IncRNA HCPS5 has been reported to affect the progression of tumor in
several types of cancer. Here, in this research, we focus on the role and function of IncRNA
HCPS in human colorectal cancer.

Materials and Methods: Tissue samples from colorectal cancer patients were used for
detecting the expression of HCPS by qRT-PCR. Proliferation, migration, invasion and apoptotic
cells were assessed by CCK-8, colony formation, transwell assays and flow cytometry in SW480
and HCT-116 cells. The interactions between miR-299-3p and HCP5 or PFN1 were analyzed and
confirmed by online database and luciferase reporter assays. The changes in PFN1 and AKT
proteins were measured by Western blot. In vivo experiment was used to confirm the role of
HCPS in CRC.

Results: The expression of HCP5 had a higher level in colorectal cancer samples and cells
by qRT-PCR, comparing with the normal colorectal tissues and human normal colon
epithelial cell. It was revealed that knockdown of HCPS5 inhibited viabilities, migration
and invasion, while inducing apoptosis in SW480 and HCT-116 cells. Then, HCP5 nega-
tively regulated the expressions of miR-299-3p, which negatively regulated the expressions
of PFN1 by targeting PFN1. Furthermore, miR-299-3p inhibitor could alleviate the inhibiting
effect by si-HCPS on cell process of SW480 and HCT-116 cells. In addition, the IncHCP5/
miR-299-3p/PFN1 axis could affect the progression of CRC through activating the AKT
signaling. Last, we confirmed that knockdown of HCPS inhibited the progression of CRC
with an in vivo experiment.

Conclusion: The experiments and analyses support our hypothesis that knockdown of
IncRNA HCP5 suppresses the progression of colorectal cancer by miR-299-3p/PFN1/AKT
axis.
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Introduction

Colorectal cancer (CRC) is one of the most common malignant tumors in the world,
ranking the third among all malignant tumors in incidence and the fourth in mortality,
following the lung cancer, liver cancer and gastric cancer.' In 2018, more than 1.8
million new cases and nearly 900,000 deaths were estimated around the world for
CRC.? Similarly, CRC is the 4th most usual malignancy in China and the incidence
continues to increase.> Nevertheless, the molecular mechanism of CRC development
still remains unclear. Therefore, further study on the mechanism of CRC development
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and the discovery of valuable molecular markers is of great
scientific significance and clinical value for the early diag-
nosis, prognosis evaluation and targeted therapy of CRC.

Studies have shown that IncRNAs could function in
affecting the occurrence and development of diseases,
especially tumors.”” LncRNA does not encode proteins,
but can regulate gene expression in multiple layers and
through multiple pathways such as sponging the target-
miRNAs.® The correlation between IncRNA and CRC has
also attracted more and more attention.” LncRNAs can
participate in the regulation of colorectal tumor cell pro-
liferation, invasion and metastasis through the action of a
similar oncogene or tumor suppressor gene.®® Due to the
high specificity of IncRNA expression in tumors, IncRNA
can be used as a diagnostic and prognostic indicator for
colorectal cancer, and is expected to become a new target
for disease treatment.'®'" Human major histocompatibility
complex p5 (IncRNA HCP5) has been regarded as a novel
genetic locus in clinical thyroid disease.'> The abnormal
expression of HCPS5 exists in most cancers and affects the
progression of tumors in many ways. Previous study has
shown that HCP5 contributes to epithelial-mesenchymal
transition (EMT) in colorectal cancer through ZEB1 acti-
vation and interacting with miR-139-5p."* Their results
indicated that HCP5 promoted the occurrence of EMT in
CRC cells, as an oncogenic factor, through miR-139-5p/
ZEB1/Wnt signaling pathway.'> However, this study was
to investigate the role and mechanism of IncRNA HCP5 in
CRC development and progression.

MicroRNAs (miRNAs, ~20 nt) are a class of non-coding
small RNAs that are highly conserved in evolution.'*"
Increasing evidence indicates miRNAs play an important
role in cell proliferation and tumor formation by regulating
gene expression at the post-transcriptional level.'® For exam-
ple, miR-299-3p usually acts as a tumor suppressor, restricting
the development of varieties of cancers. However, the role and
function of miR-299-3p remains to be elusive in CRC. Profilin
1 (PFNI1) plays an important role in actin dynamics by reg-
ulating actin polymerization in response to extracellular
signals.'” PFN1 generally has a higher expression in CRC,
and would be an anti-cancer drug target to participate in the
progression of CRC.'® Previous studies have revealed that
PFNI could activate the AKT signaling in breast cancer and
regulate the integrin/focal adhesion kinase pathway in gastric
cancer.'”*® As we know, AKT often acts as a key factor to
participate in varieties of cancers.”' The functions of the AKT
signaling were induced by the phosphorylation of AKT, and
the activated the AKT signaling could affect most cell

processes, including the proliferation and apoptosis.®**

Hence, investigating the AKT signaling could help us found
the underlying mechanism.

Here in this research, we focus on studying the role and
the underlying mechanism of IncRNA HCPS5 in human
colorectal cancer, as well as investigating the effect of
miR-299-3p/PFN1/AKT axis in progression of CRC.

Materials and Methods

Tissue Samples

The tissue samples and matched adjacent normal tissues
were obtained from 20 colorectal cancer patients (8 males
and 12 females; age: 55-70 years old) at Xi’an Central
Hospital between 2018 and 2019 with written informed
consent. This study was reviewed and approved by the
Ethics Review Committee of Xi’an Central Hospital and
was performed in accordance with Declaration of Helsinki.
Every patient provided their informed consent in writing
prior to their participation in the study.

Cells Culture

Human normal colon epithelial cell, NCM460, and human
colon cancer cell lines, SW480, HCT-116 and HT-29 were
purchased from Cell Bank of Type Culture Collection of
Chinese Academy of Sciences (Shanghai, China). Cells
were cultured in the DMEM medium with 10% FBS,
100 IU/mL penicillin, and 100 pg/mL streptomycin
(Gibco). All cells were incubated at 37°C in a humidified
5% CO, atmosphere.

Cell Transfections

After cells were grown up to 60% confluence, cells were
transfected with a small interfering RNA (siRNA) target-
ing HCPS (si-HCP5; 100 pmol), si-PFN1 (100 pmol), a
miR-299-3p mimic (100 pmol), a miR-299-3p inhibitor
(100 pmol) and a negative control (Invitrogen, Shanghai,
China) by using Lipofectamine 3000 (Invitrogen, USA).

Cell Viabilities

Three thousand transfected SW480 cells or HCT116 cells
were plated in 96-well plates. After inoculation: 0, 24, 48,
or 72 h., 10 pL Cell Counting Kit-8 (CCKS8; Beyotime
Institute of Biotechnology, Shanghai, China) solution was
pipetted and let incubation for another 4 hours at 37°C and
5% CO,. Absorbance was measured at 450 nm through a
Microplate Reader (Bio-Rad, USA).
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Colony Formation Assays

Five hundred cells were seeded into a 6-well plate. After
two weeks, the cells were fixed and stained with 0.1%
crystal violet solution. The numbers of colonies were
counted under an inverted microscope.

Apoptotic Cells

Apoptotic cells were analyzed through Annexin V-FITC/
PI (Invitrogen, USA). Cells were washed, re-suspended,
and stained by 5 pL of Annexin VFITC and 10 pL of PIL
After 15 min in dark, cells were measured through a
FACScan (Beckman Coulter, USA).

Migration and Invasion

The 24-well transwell chamber (8um), with or without 50
pl Matrigel (CorningLife Sciences, Corning, NY, USA)
was used to detect cell migratory and invasive cells.
Cells were fixed with 100 pl of serum-free medium and
seeded into the upper chamber, and 500 pl of DMEM
containing 20% serum was added to the lower chamber.
After 48 h of incubation, the cells attached to the lower
surface of the upper chamber stained with crystal violet,
and analyzed under a microscope.

gRT-PCR
Total RNA was extracted with TRIzol
(Invitrogen). cDNAs were synthesized with a reverse tran-

reagent

scription kit (Invitrogen). qRT-PCR analysis was per-
formed with SYBR Premix Ex Taq II (TaKaRa, Dalian,
China). For mRNA and miRNA, GAPDH and U6 were
used as internal controls, respectively. The primers in this
article are in Table 1. The relative expressions were calcu-
lated by using 2—AACt method.

Fluorescent in situ Hybridization (FISH)

FISH assay was performed using Ribo™ Fluorescent in Situ
Hybridization Kit (RiboBio, Guangzhou, China). Nucleus was
stained via DAPI, which was designed and synthesized by
selected to label
HCPS5. Fluorescence detection was conducted via the confocal

Ribobio. Cy3 fluorescent dye was

laser-scanning microscope (Leica Microsystems, Wetzlar,
Germany).

Luciferase Reporter Assays

Luciferase report gene vectors (pRL-TK, Promega) con-
taining HCP5 Wild Type (WT) or HCP5 mutant type and
PFNI1 3'UTR WT or PFN1 3'UTR Mut were transfected

Table | The Primers in This Article are as Follows

Gene Name | Primer Sequence (5’ to 3’)

HCP5 Forward: 5-GCTGGACGATTCTCCTCACACT-3’
Reverse: 5'-CTCCTCTCCAGGCACAGGTAAT-3’

miR-299-3p Forward: 5'-GGTTTACCGTCCCACAT-3’
Reverse: 5'-GAACATGTCTGCGTATCTC-3’

PFN1 Forward: 5'-CATCGTGGGCTACAAGGACTCG-3'
Reverse: 5'-CCAAGTGTCAGCCCATTCACGT-3

GAPDH Forward: 5'-ATCCACGGGAGAGCGACAT-3'
Reverse: 5'-CAGCTGCTTGTAAAGTGGAC-3’

ué Forward: 5'-ACAGATCTGTCGGTGTGGCAC-3'
Reverse: 5'-GGCCCCGGATTATCCGACATTC-3’

into SW480 cells. MiR-299-3p mimic or miR-299-3p inhi-
bitor or NC was co-transfected with reporter plasmids for
48h. The relative luciferase activity was determined using
Dual-Luciferase Reporter Assay System (Promega). All
plasmids were made from Genepharma, China.

Western Blotting

Cell and tissue lysates were prepared by RIPA Lysis
Buffer (Beyotime, Shanghai, China). Proteins were sepa-
rated and transferred to PVDF membrane (Bio-Rad, USA).
After incubations with anti-PFN1 (1:1000, abcam, UK),
anti-p-AKT (1:1000, abcam, UK), anti-t-AKT (1:1000,
abcam, UK) and anti-GAPDH (1:1000, abcam, UK) over-
night, the membrane had incubation with goat anti-rabbit
IgG secondary antibody and detection through chemilumi-
nescence. GAPDH was a reference.

Xenograft Mouse Model

A total of 5 x 10° transfected SW480 cells were subcuta-
neously injected into six-week-old male nude mice (n = 5
per group). Tumor volume was measured every 3 days
according to the following formula: volume = 1/2 X length
x width®. Animal protocols, housing, and care were per-
formed with the approval of the Ethics Committee of
Xi’an Central Hospital and conducted according to the
guidelines set forth in the National Institutes of Health’s
(NIH) “Guide for the Care and Use of Laboratory
Animals” (8th edition).

Immunohistochemistry (IHC)

After fixation in 4% formalin, the tumor xenografts were
embedded in paraffin and cut into 4-pum sections. The sections
were incubated with anti-Ki67 antibody (1:200, Abcam,
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Cambridge, UK) at 4°C overnight. Then, using biotinylated
secondary antibodies to incubate for 1h at room temperature,
visualized with diaminobenzidine substrate (Sigma-Aldrich,
St Louis, MO, USA). Immunohistochemistry (IHC) images
were taken using an Olympus microscope.

Statistical Analysis

Experiments were performed in triplicates. Data analysis
was carried out through Graphpad Prism 6.0 (GraphPad,
USA). The data were shown as mean = SD. P-values
were calculated by ANOVA, with P<0.05 considered as
significant.

A *k%
c 67
S
2]
2 s
g4
[} o.
m .
a o .
£ |
I ‘
e |
- |
S
[
(14
0 1 1
CRC tissue Normal tissue
C
[
K]
7]
0.,
(]
}
o
5 -
n
o _
(&)
I
D~
2
whd -
o | f
)
o s

COAD
(num (T) = 275; num (N) = 349)

Results
Dysregulated HCP5 in Colorectal Cancer

Samples and Cells

The expression levels of HCPS in colorectal cancer tissues
and para-carcinoma tissues were examined at RNA level.
As shown in Figure 1A, the expressions of HCP5 were
elevated in colorectal cancer tissues compared to normal
tissues. Meanwhile, we detected the expression of HCP5
in CRC cells, SW480, HCT116 and HT-29 and normal
colonic epithelial cell line (NCM460). In Figure 1B, the
expression of HCP5 in SW480 has the highest level in
these four cell lines, and the levels of HCPS5 in all three
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Figure | Dysregulated HCP5 in colorectal cancer patients. (A) The level of HCP5 in CRC tissues and adjacent normal tissues was examined by RT-qPCR. (B) The
expression levels of HCP5 in cells were detected by RT-qPCR. (C) The level of HCPS5 in CRC cells was analyzed on TCGA database. (D) The prognosis results of HCP5 was

analyzed on TCGA database. N = 3, *P < 0.05, **P < 0.01, **P < 0.001.
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Figure 2 Knockdown of HCPS5 inhibited the SW480 cell proliferation. (A) The expression levels of HCP5 in cells were detected by RT-qPCR in SW480 and HCT-116 cells.
(B) The relative cell viability was detected by CCK-8 assay in SW480 and HCT-116 cells. (C) The cell proliferation was evaluated with the colony formation assay in SWW480
and HCT-116 cells. (D) The cell apoptosis was evaluated by flow cytometry; N = 6, *P < 0.05.

cancer cells exceed the level in NCM460. Subsequently,
analyzing the expression in TCGA database (http://gepia.
cancer-pku.cn/), we found similar result on expression of
HCP5 with ours. The expression of HCP5 has a higher
level in COAD (Colon adenocarcinoma) tumors than in
normal tissues (Figure 1C). But the prognosis results with
distinct groups of high or low expression did not show a
statistical difference (Figure 1D). Above these results, we

speculated the IncRNA HCP5 might participate in the
progression of CRC.

Knockdown of HCPS5 Inhibited the
SW480 and HCT-116 Cell Proliferation

To investigate the role and function of HCP5 in CRC cells,
we chose the siRNA to downregulate the expression of
HCPS5. Knockdown of HCP5 with si-HCPS5 could decrease
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Figure 3 Knockdown of HCP5 suppressed the SW480 and HCT-1 | 6 cell migration and invasion. (A) The migration was examined in SW480 and HCT-116 cells by Transwell
assay. (B) The invasion was examined in SW480 and HCT-116 cells by Transwell assay. Scale bar: 200 pm. N = 3, *P < 0.05.

the expression level of HCPS in SW480 and HCT-116
cells (Figure 2A). And a further exploration of the effect
on proliferation when SW480 and HCT-116 cells trans-
fected with si-HCP5 or si-NC (negative control) was
examined by CCK-8 and colony formation assays. We
found that both the SW480 and HCT-116 cell viability
and colony-forming ability were inhibited by si-HCPS5
(Figure 2B and C). In addition, comparing with Control
(non-transfection) and si-NC group, si-HCP5 elevated the
apoptotic rate of SW480 and HCT-116 cells in Figure 2D.
Thus, knockdown of HCPS5 could affect the proliferation
and apoptosis of SW480 and HCT-116 cells.

Knockdown of HCP5 Suppressed the

SW480 and HCT-116 Cell Migration and

Invasion

Besides the proliferation, the cell abilities of migration and
invasion also reflected whether the cell process was influ-
enced. It presented that downregulation of HCPS
decreased the number of migration and invasion SW480
and HCT-116 cells in comparison with si-NC (Figure 3A
and B). Similarly with proliferation, knockdown of HCP5
suppressed the migration and invasion in SW480 and

HCT-116 cells.
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Figure 4 MiR-299-3pis a target of HCP5 and PFN | is a target of miR-299-3p. (A) FISH assay was used to confirm the location of HCP5 in SW480 cells. (B) The binding site between
HCP5 and miR-299-3p. (C) Luciferase activity was examined in SW480 cells. (D) The expression levels of miR-299-3p in SW480 cells. (E) The binding site between PFN | and miR-

299-3p. (F) Luciferase activity was examined in SWW480 cells. (G) The mRNA levels of PFNI in SW480 cells. (H) The protein levels of PFN| in SW480 cells. N =

miR-299-3p Is a Target of HCPS5 and
PFNI Is a Target of miR-299-3p

IncRNAs could function as a molecular sponge of
miRNAs when IncRNAs are located at cytoplasm. We
first investigate the subcellular localization of IncRNA
HCPS by Fluorescence in situ hybridization (FISH). The
result showed that the IncRNA HCPS5 is located at cyto-
plasm (Figure 4A). Meanwhile, bioinformatic prediction
(http://starbase.sysu.edu.cn/) presented that miR-299-3p
has a binding site on HCP5 (Figure 4B). The luciferase
reporter system result indicated miR-299-3p mimic only
weakened the luciferase activity of the WT-HCPS plas-
mid in SW480 cells, but not affected the MUT-HCP5
plasmid (Figure 4C). Subsequently, we detected the

expression level of miR-299-3p and its expression was
increased when SW480 cell transfected with si-HCPS5
(Figure 4D). And miRNAs also negatively regulate the
target gene in cell process. PFN1 is a target of miR-299-

3,*P < 0.05.

3p by bioinformatic prediction (http://starbase.sysu.edu.

cn/) (Figure 4E). In Figure 4F, the luciferase activities in
SW480 cells with WT-3'-UTR-PFN1 plasmid were nota-
bly decreased, whereas there was no obvious difference
in SW480 cells with MUT-type. Next, the mRNA and
protein levels of PFN1 were examined. After SW480
cells transfecting with mimic and inhibitor, both the
mRNA and protein levels of PFN1 were declined by
miR mimic, but miR-299-3p inhibitor increased the
expression of PFN1 (Figure 4G and H). These data sup-
ported that HCPS5 could sponge the miR-299-3p and miR-
299-3p reduced the expression of PFNI1.

HCPS5 Might Affect the Functions of
SW480 and HCT-116 Cells Through miR-
299-3p/PFNI Axis

According to Figure 4, we have reason to assume that
HCPS5 functions via miR-299-3p and PFNI. Therefore,
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miR-299-3p inhibitor could alleviate the inhibition of si-
HCP5 in SW480 and HCT-116 cells. As shown in
Figure 5A and B, miR-299-3p inhibitor bated inhibition
of si-HCPS on the cell viability and colony formation
ability of SW480 cells and HCT-116 cells. Moreover, the
apoptosis in SW480 cells also happened a weaker attenua-
tion when cells were treated with miR-299-3p inhibitor
(Figure 5C). Thus, we considered that HCP5 might affect
the functions of SW480 cells through miR-299-3p/PFN1

axis.

HCP5/miR-299-3p/PFNI Axis Could
Activate the AKT Signaling

To investigate the underlying mechanism of PFN1 in CRC,
we tried to examine the AKT signaling in SW480 cells. Due
to the AKT signaling is usually involved in most cancers,
especially in progression of colorectal cancer. As shown in
Figure 6A, the protein level of p-AKT was decreased when
cells transfected with si-PFN1, comparing with si-NC.
Moreover, we further verified that the expression level of
p-AKT was influenced by the HCP5/miR-299-3p/PFN1 axis
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Figure 6 HCP5/miR-299-3p/PFN | axis could activate the AKT signaling. (A) and (B) The protein levels of PFN |, p-AKT and t-AKT in SW480 and HCT-116 cells. N = 3, *P < 0.05.
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(Figure 6B). Knockdown of HCPS could downregulate the
phosphorylation level of AKT in both SW480 and HCT-116
cells. In all, we deem that HCP5/miR-299-3p/PFNI1 axis
could activate the AKT signaling.

In vivo Experiment Confirmed That
Knockdown of HCP5 Inhibited the

Progression of CRC

Finally, we confirmed knockdown of HCPS5 inhibited the
progression of CRC with an in vivo model. We found si-
HCPS5 retarded the growth of tumors (Figure 7A and B).
And both the level of ki67 and p-AKT appeared an obvious
decline compared with the si-NC group (Figure 7C and D).
These in vivo experiments indicated knockdown of HCP5
could retard the progression of CRC.

Discussions

Based on our results, we elaborated that IncHCPS5 affects
the progression of CRC, as an oncogenic factor. Relative
cell experiments revealed that IncHCPS elevated the
expression of PFN1 by sponging miR-299-3p and then
promoted the progression of CRC. Our results that HCP5
could inhibit apoptosis, induce proliferation, migration and
invasion process were in accordance with the previous
studies, which indicated that HCP5 might be an oncogenic
factor. For example, Zhao et al indicated that HCP5 was

up-regulated in oral squamous cell carcinoma and
enhanced the ability of cell invasion by miR-140-5p/
SOX4 axis.** Meanwhile, HCP5 could expedite the pro-
gression of prostate cancer through miR-4656/CEMIP
pathway, as reported by Hu et al.>> In addition, we estab-
lished an in vivo model to confirm knockdown of HCPS5
retarded the progression of SW480 cells. In summary, we
consider HCPS to act as an oncogenic factor in CRC.
Moreover, miR-299-3p and PFN1 in CRC were found
to affect the development of CRC. Although miRNAs
often function by altering the target protein expression,
lots of studies suggest that the change in the relative
protein is the key factor in the progression of cancers.?*
PFNI1 was identified as a target of the miR-299-3p subse-
quently. Meanwhile, we verified that miR-299-3p could
down-regulate the expression of PFN1 by the Dual-luci-
ferase reporter system. This study is the first example that
draws the correlation between the miR-299-3p and the
expression of PFNI1 in CRC. In addition, studies have
been reported that miR-299-3p often played a role of
tumor suppressor in most cancers. For instance, Yu et al
reported miR-299-3p represses the progression of cervical
cancer cell by reducing the expression of TCF4.%® Chen
et al revealed that miR-299-3p inhibits the proliferation
and migration of thyroid cancer by targeting SHOC2.%
Moreover, previous study has indicated that PFN1 accel-
erates the development of CRC.'® These studies uncover
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Figure 7 In vivo experiment confirmed that knockdown of HCP5 inhibited the progression of CRC. (A) The image of tumors. (B) The tumor volume. (C) The Kié7 level in

tumor. (D) The p-AKT level in tumor. Scale bar: 50 ym; N = 5, *P < 0.05.
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the roles of miR-299-3p and PFNI1 in malignancy and
have no difference with our results.

In addition, the AKT signaling is an important pathway to
regulate the progression of CRC.*® Our results indicated the
HCP5/miR-299-3p/PFN1 axis could activate the AKT sig-
naling in SW480 and HCT-116 cells. The underlying
mechanism of HCP5 in CRC might be that HCPS5 elevated
the expression of PFN1 by sponging the miR-299-3p even-
tually to induce the phosphorylation of AKT. Meanwhile,
this assumption was verified by our in vivo experiment.
Inhibition of HCP5 with si-HCP5 obviously decreased the
volume of tumors in SW480 xenograft tumors. Both Ki67
and p-AKT level also displayed a weakening trend in xeno-
graft tumors.

However, some piece of deficiencies were still in our
study. Besides the roles and functions of the factor in our
experiment, both the HCPS and miR-299-3p could have
excess biological functions. They possibly played their
roles in CRC through the multilevel regulation leading to
the synergistic effects. Our findings only revealed the
correlation between the HCP5 and miR-299-3p, some
other downstream targets are still to study. How HCPS
affects the other miRNAs or miR-299-3p biomolecules
such as kinases or enzymes involved ubiquitination is
also beyond the scope of this study, which may also play
an important role in the development of CRC. Our next
plan is to investigate the HCP5 further to uncover the
underlying biological process.

In conclusion, the experiments and analysis support our
hypothesis that knockdown of IncRNA HCPS5 suppresses
the progression of colorectal cancer by miR-299-3p/PFN1/
AKT axis.

Abbreviations
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colorectal cancer; PFN1, profilin 1; TCGA, the Cancer
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