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Abstract: Long noncoding RNAs (IncRNAs) play key roles in various malignancy pathogenesis. However, the mecha-
nisms remain poorly understood in the development and progression of colorectal cancer (CRC). Here, we focused
on the specific role of human leukocyte antigen (HLA) Complex P5 (HCP5) in CRC. Quantitative real-time PCR (gRT-
PCR) analysis and western blot were used to assess the expression of HCP5 in CRC tissues. The association between
the expressions of HCP5 and miR-139-5p was assessed by Pearson’s correlation analysis. The prognosis of CRC
patients was analyzed by Kaplan-Meier survival analysis. Specific siRNAs were stably transfected into CRC cells with
lentivirus approaches. The proliferative, migrative and invasive capacities of CRC cells were detected by Transwell,
MTT and scratch assay, respectively. Dual-luciferase assay was performed to measure miR-139-5p-targeted rela-
tionship with IncRNA HCP5. HCP5 overexpression and of miR-139-5p downregulation were dramatically correlated
with low TNM stage, poor differentiation, low tumor depth invasion in CRC patients (P < 0.05). Besides, HCP5 over-
expression or ZEB1 knockdown repressed Snail family transcriptional repressor (SNAI) and vimentin expressions,
upregulated E-cadherin expression, and inhibited cell proliferation and metastasis (P < 0.05). Moreover, luciferase
reporter assay demonstrated that miR-139-5p was a directly target of HCP5 (P < 0.05). Overall, the present study
indicated that HCP5 played a key regulator in CRC development and progression by targeting HCP5/miR-139-5p/
ZEB1 axis, which may serve as a novel therapeutic target for CRC therapy.

Keywords: Colorectal cancer (CRC), long noncoding RNAs (IncRNA), human leukocyte antigen (HLA) complex P5
(HCP5), miR-139-5p, proliferation, metastasis

Introduction

Colorectal cancer (CRC) is one of the most fre-
quently diagnosed malignancies and the third
cause of cancer-related deaths in the world [1].
In the past decades, despite the survival of
CRC patients has to some extent been improved
by earlier diagnosis and novel therapy strate-
gies, over 50% of CRC patients still encounter
local or distant recurrence risk after conven-
tional therapy [2, 3]. Epithelial-mesenchymal
transition (EMT) is the process by which epithe-
lial cells are transformed into mesenchymal
cells under specific pathological conditions [4].
The epithelial cells lose their typical intercellu-
lar junction, remodel the cytoskeleton, and
become fibroblasts during EMT, resulting in
apoptosis resistance and enhanced motor abil-

ity. Therefore, suppression of EMT can effec-
tively inhibit metastasis of tumor cells [5, 6].
Recent studies have shown that not only cod-
ing RNA, but non-coding RNA also regulates
EMT [7, 8].

Long non-coding RNAs (IncRNAs) are function-
al non-coding RNAs (length ~200 nt) without
the ability to encode proteins [9]. Present stud-
ies have shown that a variety of IncRNAs are
involved in transcriptional regulation, nuclear
structure organization and post-transcription-
al processing [10-12]. LncRNAs have been
identified as pivotal regulators in many cell bio-
logical processes, including cell growth, prolif-
eration and differentiation. Dysregulation of
IncRNAs has been preliminarily demonstrated
to promote the development, invasion and
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metastasis of many cancers. Recent studies
have shown that aberrant expressions of
IncRNAs, such as MAPKAPK5-AS1, BANCR and
DLEU1, are associated with CRC, which were
regarded as new therapeutic targets for CRC
[13-15]. LncRNA human leukocyte antigen
(HLA) Complex P5 (HCP5) was regarded as a
new gene locus of thyroid diseases [16]. Down-
regulation of HCP5 was shown in patients with
ovarian cancer, which was considered to be
a susceptible gene locus of HCV-related HCC
[17, 18].

EMT refers to the process of transforming epi-
thelial cells into mesenchymal cells. EMT can
be physiologically embryonic development, or
pathologically the development of cancer,
which is the key initial event of the metastatic
cascade [19]. EMT plays a significant role on
invasion, proliferation and migration of tumor
cells, and is the main cause of drug resistance
in tumors. Researchers found that the expres-
sion alterations of key molecules were observed
during the EMT phenotype acquisition [20].
Nevertheless, the potential mechanism of Wnt
signaling pathway to alter EMT process in CRC
is unclear. Hence this study was purposed to
investigate whether HCP5 promotes EMT pro-
cess in CRC through regulating downstream
miR-139-5p and ZEB1. In addition, we also
evaluated the carcinogenic effect of HCP5 in
CRC cells.

Materials and methods
CRC tissue samples

CRC species and para-carcinoma control tis-
sues (n = 135) were collected from patients
who underwent resection, and were examined
as primary CRC by two independent patholo-
gists between January 2014 and December
2015 at Henan University of Science and
Technology First Affiliated Hospital. The pa-
tients who had chemotherapy history prior to
surgery were excluded. The average follow-up
period was 5 years. All patients signed the writ-
ten informed consent. This study was approved
by the Ethics Committee of Henan University of
Science and Technology First Affiliated Hospital.

Cell culture

Human CRC cell lines (GEO, HCT116, SW620
and LOVO) were obtained from ATCC (Manassas,
VA, USA) in DMEM medium (Gibco) supplement-
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ed with 10% fetal bovine serum (GIBCO,
Invitrogen Inc., Carlsbad, CA, USA). The normal
colonic epithelial cell line CCD-18Co was
obtained from the Cell Bank Type Culture
Collection of the Chinese Academy of Sciences
(Shanghai, China) and cultured in RPMI1640
medium (Gibco). The cells were cultured in a
humidified atmosphere of 5% CO, at 37°C.

qRT-PCR

Total RNA was extracted from the cancer cells
using TRIzol reagent and cDNA was generat-
ed using M-MLV Reverse Transcriptase (Takara
Bio Inc., Kusatsu, Japan). qRT-PCR was per-
formed using LightCyclerd80 (Roche, San
Francisco, CA, USA) under the following steps:
pre-denaturation at 95 for 40 s; denaturation
with 40 cycles of 95 for 5 s and 60 for 40 s; and
termination at 95 for 10 min. Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) served
as the endogenous control. Relative expression
levels were calculated using the 222°T method.

Transwell assay

Transwell filter (BD Biosciences) was employed
to perform Transwell migration and invasion
assay as previous described [21].

Scratch wound-healing assay

The cells were seeded in 6-well culture plates
at 95%-100% confluence. Cells were harvested
48 hours after transfection. The scratch was
created using a 200 uL pipette tip. PBS was
used to wash the plates for three times to
remove cellular debris. Images for the wound
closure were photographed at different times
(12, 24, 36 and 48 h) by microscope (Nikon).

Western blot

Protein concentration was determined by BCA
kit (Dingguo Company). Proteins were separat-
ed by 10% SDS-PAGE and then transferred to
polyvinylidene fluoride membrane (Millipore,
Bedford, MA, USA). The membrane was then
blocked with PBST solution containing 5% non-
fat dry milk for 1 hour. Rabbit polyclonal prima-
ry antibodies against ZEB1 (1:800, Abcam,
Cambridge, MA, USA), Snail (1:800, Abcam),
B-catenin (1:250, Santa Cruz Biotech, Santa
Cruz, CA), E-cadherin (1:1,000, Proteintech,
Chicago, USA), E-cadherin (1:100, Bioss), and
vimentin (1:200, Spring Bioscience, Pleasanton,
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Figure 1. The expression levels of IncRNA HCP5 and miR-139-5p in colorectal cancer (CRC) tissues and cell lines. A:
LncRNA HCP5 and miR-139-5p expressions were compared between CRC tissues and adjacent normal tissues. *P
< 0.05 vs adjacent normal tissues. B: LncRNA HCP5 and miR-139-5p expression were compared among CRC cells.
*P < 0.05 vs HCP5 expression in CCD-18Co cell line; #P < 0.05 vs miR-139-5p expression in CCD-18CO cell line. C:
LncRNA HCP5 expression was negatively correlated with miR-139-5p expression within CRC tissues. D: The Kaplan-
Meier analysis of correlation between the level of LncRNA HCP5 and miR-139-5p with OS.

CA, USA) were used. After incubating the
membranes at 4°C overnight, the membran-
es were incubated with HRP-conjugated sec-
ondary antibodies at room temperature for 2
hours. (1:1,000; Proteintech, Rosemont, IL,
USA). The protein expression level was normal-
ized by GAPDH (1:1000, Santa Cruz Biotech).
Blots were visualized by ECL Western blotting
kit (Amersham Biosciences, Buckinghamshire,
UK).

Cell transfection

MiR-139-5p mimics, mIiR-139-5p inhibitors,
negative control (NC), pcDNA3.1-HCP5, pc-
DNA3.1-ZEB1, pcDNA3.1, HCP5 siRNA (si-HC-
P5) and si-NC were synthesized by Shanghai
GenePharma Co., Ltd. Cells were placed on
12-well plate (Corning, USA) and transfected
using Lipofectamine 2000 (Invitrogen) accord-
ing to the manufacturer’s instructions. Cells
were harvested 48 hours after transfection.
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MTT

5 mg/ml MTT (20 ul) was added when the bot-
tom of the well was covered with single-layer
cells. After incubation for 4 h, 150 pl DMSO
was added to each well. The mixture vibrated
for 10 min at low speed to fully dissolve the
crystal. The absorbance value of samples at
490 nm was detected by enzyme linked immu-
nosorbent assay (ELISA).

Dual luciferase reporter assay

TCF4/LEF reporter plasmids (pTOP-Luc) were
transfected into cells by Lipofectamine 2000.
After 12 h, the cells were digested and inocu-
lated in the 24-well plates. After 24 h, the cells
were lysed and the luciferase activity was
detected according to the instructions of the
luciferase reporter detection kit (NEB Cor.).
Luciferase reporter genes of HCP5 Mut and
ZEB1 Mut containing mutation sequence at the
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Table 1. The relationship between IncRNA HCP5/miR-139-5p
expression and the colorectal cancer patients’ clinical charac-

are presented as the mean + SD.
Comparison between groups was

teristics performed by one-way ANOVA fol-
LncRNA HCP5 miR-139-5p lowed !oy student’_s t-test. Differ-
Characteristics expression expression ences in the ;urwval curve were
ow Hgh P Low Wgh P ZEMEEL R eelan Merer
N=135 4392 82 o3 method. P < 0.05 were consid-
Age ered as statistically significant
<60 24 48 42 30 difference.
> 60 19 44 0.651 40 23 0.502
Gender Results
Male 20 56 48 28 Expression of IncRNA HCP5 and
Ferr.1ale . 23 36 0.093 34 25 0.364 miR-139-5p in CRC tissues and
Smoking History cells
Yes 10 15 13 13
No 33 77 0276 69 40 0.213 The expression level of HCP5 in
Tumor size CRC tissues was obviously higher
>5cm 16 49 44 20 compared to para-carcinoma tis-
<5cm 27 43 0028 38 32 0026  sues (P < 0.05). However, the
Tumor Differentiation Statue expression .Ievel of .miR-139-5p
Poor/Moderate 14 52 49 19 decreased in CRC.tlssues. com-
pared to para-carcinoma tissues
Well 29 40 0.004 33 34 0.008 (P < 0.05, Figure 1A). Moreover,
Lymphatic metastasis overexpression HCP5 was found
Yes 25 33 28 31 in CRC cell lines (GEO, HCT116,
No 18 59 0.003 54 22 0.001 LOVO and SW620) compared to
Tumor Depth Metastasis normal colon cell line (CCD-18CO)
pT3 + pT4 17 54 49 22 (P < 0.05). However, miR-139-5p
pT1 + pT2 26 38 0017 33 31 0.008 expression Ie\{els in CRC cell lin-
Histological Grade es V\(;erteo %%Vlljo;;golivéﬁg ?Ig m<-
are -
I 23 36 36 23 8.05, Figure 1B). Spearman’s cor-
I+ 20 56 0038 46 30 0875 relation analysis suggested a
TNM Stage significant negative correlation
n+1v 18 53 48 23 between HCP5 and miR-139-5p
O+1+Il 25 39 0.034 34 30 0.041 in CRC tissues (r = -0.765, P <

binding site of microRNA-139-5p were con-
structed. The above plasmids and reporter
gene vectors were synthesized by Shanghai
Sango Corporation (China). Next, microRNA-
139-5p mimics were transfected into CRC cells
that were transfected HCP5 Wt, HCP5 Mut,
ZEB1 Wt, ZEB1 Mut or psiCHECK2, respective-
ly. After 6 h transfection, the luciferase reporter
gene assay (Promega, USA) of lysed cells was
detected, and Renilla Luciferase Reporter was
as internal reference.

Statistical analysis

GraphPad Prism (GraphPad Software, Inc.,
USA) was used for statistical analysis. All data
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0.05, Figure 1C).

Correlation between HCP5/miR-139-5p ex-
pressions and clinicopathological parameters
of CRC patients

Correlation analysis revealed that overexpres-
sion of HCP5 and down-regulation of miR-139-
5p were significantly correlated with clinical
stage, differentiation and distant metastasis in
CRC patients (P < 0.05, Table 1). Furthermore,
regression analysis showed that over-express-
ed HCP5 and down-regulated miR-139-5p pre-
dicted poor differentiation, higher TNM stage
and distant metastasis in CRC patients (P <
0.05, Data not shown). As shown in Figure 1D,
Kaplan-Meier survival analysis showed that the
overall survival (0S) of patients with low HCP5
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Figure 2. The expression levels of EMT related gene expression and the viability of in CRC cell lines in various groups. A: The expression levels of EMT related gene
expression in GEO cells; B: The expression levels of EMT related gene expression in LOVO cells; C: The viability of GEO cell lines; D: The viability of LOVO cell lines;
*P < 0.05 vs pcDNA; AP < 0.05 vs si-NC; #P < 0.05 vs miR-NC.
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and high miR-139-5p expression was much
higher than those with high HCP5 and low
expression of miR-139-5p (P < 0.05).

HCP5 and miR-139-5p regulate EMT, invasion
and migration of CRC

In order to analyze whether HCP5 and miR-139-
5p regulate cell invasive and migrative capabili-
ties by inducing EMT, the expression of EMT
related gene expressions we detected in CRC
cell lines (Figure 2A, 2B). The expression of
E-cadherin was up-regulated in the si-HCP5
group as compared to si-NC group, while the
expressions of Snail and vimentin decreased
significantly (P < 0.05). In addition, microRNA-
139-5p inhibitors could significantly sup-
pressed E-cadherin expression and increase
Snail and vimentin expressions (P < 0.05).
Furthermore, MTT results showed that HCP5
knockdown or the mi-139-5p overexpression
led to decreased cell viability compared with
the control group (P < 0.05). However, cell via-
bility increased significantly in the miR-139-5p
inhibitor group (P < 0.05, Figure 2C, 2D).
Meanwhile, Transwell assay results showed
that cells transfected with si-HCP5 or mir-139-
5p mimic underwent a decreased closing trend
of scratch wound (P < 0.05). The number of
transmembrane cells in the mir-139-5p inhibi-
tor group increased significantly compared with
cells transfected miR-NC (P < 0.05, Figure
3A-D). Finally, scratch assay showed that the
migration was significantly reduced in CRC cells
transfected with si-HCP5 or the miR-139-5p
mimic (P < 0.05). Nevertheless, the cell migra-
tion was significantly increased following down-
regulation of miR-139-5p expression (P < 0.05,
Figure 3E, 3F).

HCP5 can target miR-139-5p and inhibit the
expression of miR-139-5p

The potential binding sites of HCP5 and miR-
139-5p were predicted by the bioinformatic
database (Starbase software) as shown in
Figure 4A. Moreover, compared with the NC
group, the endogenous HCP5 was specifically
enriched in the cells of miR-139-5p mimic
transfected group, indicating that HCP5 directly
targeted miR-139-5p. However, the luciferase
activity between the HCP5 Mut + miR-139-5p
mimic group and the psiCHECK2 group or
the control group showed no statistical chang-
es (P > 0.05, Figure 4B, 4C). gRT-PCR show-
ed that miR-139-5p expression was notably
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increased in CRC cells after si-HCP5 transfec-
tion (P < 0.05, Figure 4D, 4E), suggesting that
HCP5 functioned as a ceRNA by sponging
miR-139-5p.

MIiR-139-5p regulates Wnt/B-catenin signaling
pathway through targeting downstream ZEB1

Rescue experiments showed that suppression
of miR-139-5p resulted in ZEB1 overexpression
(P < 0.05), while promoting the expression of
miR-139-5p caused down-regulation of ZEB1 (P
< 0.05, Figure 4F). The luciferase activity in the
mir-139-5p mimic + ZEB1 group was dramati-
cally decreased than that in the NC group (P <
0.05, Figure 4G). In contrast, no significant dif-
ference was found between the miR-139-5p
mut or ZEB1 group compared to the NC group
(P > 0.05). Furthermore, the transcription level
of B-catenin was significantly decreased in the
miR-139-5p group and the si-ZEB1 group than
that in the NC group (P < 0.05), while signifi-
cantly increased in the HCP5 group (P < 0.05,
Figure 4H, 4l). Similarly, the expression levels
of Wnt/B-catenin signaling markers was inhib-
ited in the miR-139-5p group and the si-ZEB1
group, but boosted significantly in the HCP5
group (P < 0.05, Figure 5).

Discussion

Emerging evidences demonstrated that Inc-
RNAs play a vital role in many human cancers,
including CRC [22, 23]. Aberrant expressions of
IncRNAs were identified in many tumors [24]. It
is reported that a variety of IncRNAs were used
as the biomarkers for tumor diagnosis [25].
Finding key IncRNAs and understanding their
mechanisms are essential for diagnosis, treat-
ment and prognosis of tumors. However, the
research on the role of IncRNA HCP5 in CRC
has not been reported yet. At present, only a
few CRC-related IncRNAs have been found, and
further researches are needed to determine
whether they can be used as predictive bio-
markers. This study found that the expression
of HCP5 was significantly ascended in CRC tis-
sues and predicted poor prognosis. Functional
investigation revealed the tumorigenic role of
HCP5 in promoting the occurrence and metas-
tasis of CRC in vivo and in vitro.

The results also showed that miR-29 was the
target of HCP5, and their interaction mediated
the progress of CRC. MiR-139-5p is the tumor
suppressor in many kinds of cancers. Li et al

Am J Transl Res 2019;11(2):953-963
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Figure 4. Correlation between IncRNA HCP5 and miR-139-5p, as well as between miR-139-5p and ZEB1. A: LncRNA
HCP5 can targeted binding to miR-139-5p. B, C: The luciferase activities in miR-139-5p mimic + HCP5 Wt and
miR-139-5p mimic + HCP5 Mut groups, *P < 0.05 vs miR-NC. D: The miR-139-5p expression was detected after
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found that the expression of miR-139-5p was In the current study, we observed that miR-
specifically upregulated in breast cancer [26]. 139-5p could significantly regulate EMT pro-
Wang et al reported that miR-139 could inhibit cess by directly targeting ZEB1 and altering
the development of glioma by targeting AMY-1, downstream Wnt signal transduction. The rela-
IGF-1R, and PGC-1p [27]. Previously, miR-139- tionship between ZEB1 and EMT in epithelial
5p strongly promoted the sensitivity of CRC ovarian cancer (EOC) cells has been studied
cells to 5-fluorouracil by targeting NOTCH-1 and found that ZEB1 regulated cell proliferation
[28]. In summary, miR-139-5p participated in and invasion of EOC cells. The development of
inhibiting the risk of EMT, but the related mech- EMT is characterized by cytoskeleton recombi-
anisms need further study. nation at first, then inhibition of cell adhesion,
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which ultimately enhances cell motility. Many
studies have proved that EMT functions in
tumor progression and metastasis [29]. More-
over, Wnt/B-catenin signaling pathway is in-
volved in modulating EMT in tumor progression
[30]. When the receptor of Wnt on the cell
membrane is stimulated by signal, it can pro-
mote the translocation of (-catenin to the
nucleus, resulting in the loss of E-cadherin and
subsequent EMT [341, 32]. Inhibition of Wnt/[3-
catenin pathway can block EMT transcription
factors and promote epithelial differentiation
[33]. Our previous studies showed that EphA2
regulated EMT through Wnt/B-catenin signaling
pathway. In addition, suppressing Snail-induced
EMT development can largely inhibit invasion
and migration of rectal cancer. This further
proved that EMT aggravated accompanying
with invasion and migration. Collectively, it can
be concluded that miR-139-5p/ZEB1/Wnt sig-
naling pathway was involved in the pathogene-
sis of EMT process in CRC.

Conclusions

In conclusion, HCP5/miR-139-5p/ZEB1/Wnt
signaling pathway may promote the occurrence
of EMT in CRC cells. These results can help to
develop diagnostic biomarkers and therapeutic
targets for CRC.
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