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Background: Oral squamous cell carcinoma (OSCC) is the predominant histological type of

human oral cancer. In this study, we sought to investigate the functional role of lncRNA

HCP5 in OSCC progression.

Methods: The HCP5 and miR-140-5p expression level was determined in 73 paired OSCC

tissues and their adjacent normal tissues. Knockdown or overexpression of HCP5 was

conducted to investigate the effects of HCP5 on malignant behaviors of OSCC cells. Then,

bioinformatic prediction and dual-luciferase reporter assay were conducted to study the

interaction between HCP5 and miR-140-5p in OSCC.

Results: Our results demonstrated that HCP5 expression was significantly increased in OSCC

tissues and cell lines. High HCP5 level was associated with the aggressive clinicopathological

characteristics and poor prognosis of OSCC patients. In vitro gain- and loss-of-function experi-

ments showed that HCP5 overexpression promoted, whereas HCP5 knockdown inhibited the

proliferation, migration, invasion and epithelial-mesenchymal transition (EMT) of OSCC cells.

Mechanistically, we confirmed that HCP5 might serve as a competitive endogenous RNA

(ceRNA) for miR-140-5p to alleviate the repression of its downstream target, SOX4, a master

regulator of EMT. Furthermore, restoration of miR-140-5p expression diminished the oncogenic

effects of HCP5 on OSCC cells.

Conclusion: Overall, the present study indicated that HCP5/miR-140-5p/SOX4 axis might

be a ponderable and promising therapeutic target for OSCC.

Keywords: oral squamous cell carcinoma, long non-coding RNA HCP5, epithelial-

mesenchymal transition, competitive endogenous RNA

Introduction
Oral cancer, also named mouth cancer, is a malignant neoplasia which arises on the

lip or oral cavity, and oral squamous cell carcinoma (OSCC) is the predominant

histological type of oral cancer.1 Although considerable progress has been made in

research and therapy, the long-term prognosis of patients suffering from OSCC

remains largely unfavorable.2 Accordingly, expounding the possible molecular

mechanisms involved in OSCC progression is of great clinical significance.

Long non-coding RNAs (lncRNAs), a class of non-protein coding RNA transcripts

with more than 200 nucleotides in length, were initially regarded as the “garbage” of

genome transcription. But at present, it has been well implicated that lncRNAs
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frequently participate in a wide variety of human diseases,

including cancers.3 Previous studies have shown that as

a member of lncRNAs, human leukocyte antigen (HLA)

Complex P5 (HCP5) acts as an oncogenic regulator in folli-

cular thyroid carcinoma, osteosarcoma and breast cancer.4–6

In this study, we aimed to investigate the functional role of

HCP5 in OSCC progression and to elucidate the underlying

mechanisms.

Materials And Methods
Patients And Tissue Specimens
OSCC tissues and their adjacent normal tissues were obtained

from 73 cases of patients who had undergone surgical resec-

tion at Dental Hospital Affiliated to Jiamusi University

(Jiamusi City, China) and Tianjin Stomatology Hospital

(Tianjin City, China). All patients did not receive any radio-

therapy or chemotherapy prior to surgery. The tissues were

snap-frozen in liquid nitrogen and stored at −80°C for further

analysis. The use of human tissues was approved by the

Ethics Committee of Dental Hospital Affiliated to Jiamusi

University and the Ethics Committee of Tianjin Stomatology

Hospital. All patients signed the written informed consent.

Cell Culture And Transfection
Human OSCC cell lines, including SCC-4, Tca8113 and

SCC-9, and human normal oral keratinocyte NOK cell line

were purchased from the Cell Bank of the Chinese

Academy of Sciences (Shanghai, China). These cells

were cultured in Dulbecco’s modified Eagle’s medium

(DMEM; Hyclone, Logan, UT, USA) containing 10%

fetal bovine serum (FBS; Sigma-Aldrich, St. Louis, MO,

USA), 100 U/mL penicillin and 100 μg/mL streptomycin

at 37°C in a humidified incubator with 5% CO2.

The specific small interference RNA (siRNA) targeting

HCP5 (si-HCP5), miR-140-5p mimics and the scrambled

oligonucleotides (NC) were obtained from GenePharma

Co., Ltd (Shanghai, China). The full length sequence of

human HCP5 cDNA was amplified by PCR, and then

subcloned into the vector pcDNA3.1 (Invitrogen,

Carlsbad, CA, USA). Cells grown at 70–80% confluence

were transfected with the oligonucleotides and vectors

using Lipofectamine 2000 (Invitrogen). After 48 hrs, the

cells were collected for further experiments.

RT-qPCR Analysis
Total RNA samples were extracted using TRIzol reagent

(Invitrogen). Complementary DNA (cDNA) was synthesised

using the PrimeScript RT reagent kit (TaKaRa, Dalian,

China). Quantitative PCR (qPCR) analysis was then carried

out using a SYBR Green PCR Kit (TaKaRa) on a 7500 Fast

Real-Time Sequence detection system (Applied Biosystems,

Foster City, CA, USA). Relative gene expression levels were

calculated using 2−ΔΔCt method.7 GAPDH or U6 was used as

an internal control.

MTT Assay
Cell proliferation was determined by 3-(4,5-dimethylthiazol-

2-yl)-2,5- diphenyl-2H-tetrazolium bromide (MTT) assay.

Cells were seeded in a 96-well plate at a density of 3×103

cells/well and incubated for 24, 48 or 72 hrs. Then, 20 µL

MTT solution (5 mg/L; Sigma-Aldrich) was added to each

well. After incubation for additional 4 hrs, the supernatant was

discarded and 150 µL DMSO (Sigma-Aldrich) was added to

solubilize the formed crystals. The optical density (OD) value

of each well was detected at 570 nm on a microplate reader

(Bio-Rad Laboratories, Hercules, CA, USA).

Cell Cycle Analysis
Cell cycle analysis was performed using the CycleTEST

PLUS DNA Reagent Kit (BD Biosciences, San Jose, CA,

USA). Cells were harvested, washed with PBS and stained

with propidium iodide solution for 30 mins at room tem-

perature. Then the cells were subjected to FACScan flow

cytometer (BD Biosciences).

Transwell Assay
Cells suspended in 200 μL of serum-free medium were

seeded into the uncoated (for migration) or Matrigel-

coated (for invasion) upper chamber of transwell (8 μm
pore size; Corning Inc., Corning, NY, USA). Medium

(600 µL) containing 10% FBS was added to the lower

chamber. Following incubation for 24 hrs, the cells on the

lower membrane surface were fixed by 4% paraformalde-

hyde and stained with 0.1% crystal violet. Cell number was

counted in five randomly selected fields.

Western Blot Analysis
Cells were collected and lysed with RIPA lysis buffer

(Beyotime, Shanghai, China). Equal amounts of protein

samples were separated by SDS-polyacrylamide gel elec-

trophoresis and then transferred onto polyvinylidene fluor-

ide (PVDF) membranes (GE Healthcare, Piscataway, NJ,

USA). After blocking in 5% nonfat milk for 1 hr, the

membranes were incubated with the specific primary anti-

bodies overnight at 4°C. The membranes were then
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incubated with HRP-conjugated secondary antibody for 2

hrs at room temperature. After washes, the bands were

visualized using an enhanced chemiluminescence (ECL)

substrate kit (Amersham Biosciences, Little Chalfont,

UK), and GAPDH was used as the loading control.

Dual-Luciferase Reporter Assay
The fragment from HCP5 or SOX4 containing the predicted

miR-140-5p binding site was amplified by PCR and cloned

into the psiCHECK2 vector (Promega, Madison, WI, USA).

HEK293T cells were seeded into 24-well plates and co-

transfected with the recombinant vectors and miR-140-5p

mimics or NC using Lipofectamine 2000. After 48 hrs, the

cells were lysed and the luciferase activity was detected using

the Dual-Luciferase Reporter Assay System (Promega).

Statistical Analysis
Statistical analyses were performed using GraphPad Prism

version 6.0 (GraphPad Software, Inc., San Diego, CA,

USA) and Statistical Package for Social Sciences version

16.0 (SPSS Inc., Chicago, IL, USA). Experimental data

are expressed as the mean ± standard deviation (SD), and

the significance of differences between groups was esti-

mated using Student’s t-test or one-way analysis of var-

iance (ANOVA) analysis. Survival curves were generated

by Kaplan–Meier analysis and compared using log rank

test. Values of P<0.05 were considered to indicate

a statistically significant result.

Results
HCP5 Is Overexpressed In OSCC
Through RT-qPCR analysis, we observed that, compared

with adjacent normal tissues, HCP5 expression was remark-

ably increased in OSCC tissues (Figure 1A). Moreover, the

HCP5 expression in the human OSCC cell lines (SCC-4,

Tca8113 and SCC-9) was also significantly higher than that

of NOK cells (Figure 1B).

Figure 1 HCP5 is overexpressed in OSCC. (A) RT-qPCR analysis of HCP5 expression levels in clinical OSCC tissues. (B) RT-qPCR analysis of HCP5 expression levels in

a series of OSCC cell lines. (C) Kaplan–Meier analysis of the association between HCP5 expression and overall survival in OSCC patients. Data are presented as mean ± SD.

*P<0.05 versus normal tissues or NOK cells.
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According to the HCP5 expression in OSCC tissues, the

patients were then allocated into two groups, including the

high-expression group (n=36) and the low-expression

group (n=37). As summarized in Table 1, high expression

of HCP5 was significantly associated with lymph node

metastasis (P=0.025) and advanced TNM stage (P=0.003)

of OSCC patients. Moreover, as shown in Figure 1C,

Kaplan–Meier analysis showed that high HCP5 expression

was also closely associated with the unfavorable overall

survival in OSCC patients (P=0.044).

HCP5 Promotes OSCC Cell Proliferation

And Cell Cycle Progression
We next investigated the regulatory roles of HCP5 in OSCC

cell phenotypes. As confirmed by RT-qPCR analysis, after

transfection with si-HCP5, HCP5 was effectively knocked-

down in Tca8113 cells (Data not shown). Besides, we also

found HCP5 was overexpressed in SCC-4 cells transfected

with pcDNA3.1-HCP5. Through MTT assay, it was shown

that HCP5 overexpression significantly increased the prolif-

eration rate of SCC-4 cells; in contrast, Tca8113 cells trans-

fected with si-HCP5 grew notably slower (Figure 2A).

Moreover, as demonstrated in Figure 2B, HCP5 knockdown

significantly induced G0/G1 cell arrest in Tca8113 cells,

whereas HCP5 overexpression decreased the number of

SCC-4 cells in G0/G1 phase.

HCP5 Promotes OSCC Cell Migration,

Invasion And EMT
Furthermore, as revealed by transwell assay, the capacities of

cell migration and invasion were significantly impaired in

Tca8113 cells transfected with si-HCP5. On the other hand,

HCP5 overexpression markedly enhanced the migration and

invasion of SCC-4 cells (Figure 3A). EMT is of key impor-

tance for migration and invasion of OSCC cells. We then

detected the expression levels of EMT-related proteins by

Western blot analysis, and the results indicated that HCP5

knockdown increased the level of E-cadherin, but decreased

the levels of N-cadherin and Vimentin in Tca8113 cells

(Figure 3B). HCP5 overexpression notably enhanced EMT

in SCC-4 cells.

HCP5 Acts As A ceRNA For miR-140-5p

In OSCC
Through the Starbase online software (http://starbase.sysu.

edu.cn/index.php), we searched for the potential target

miRNAs of HCP5, and found that miR-140-5p had putative

HCP5 binding sites (Figure 4A). Then, dual-luciferase repor-

ter assay was carried out to further verify the bioinformatical

prediction. The results showed that in both Tca8113 and

SCC-4 cells, co-transfection with miR-140-5p mimics mark-

edly decreased the luciferase activity of HCP5-WT, rather

than HCP5-MUT (Figure 4B). The downregulation of miR-

140-5p was observed in OSCC tissues and cell lines

(Figure 4C and D). There is a negative correlation between

HCP5 expression and miR-140-5p in OSCC tissues

(Figure 4E). miR-140-5p expression was decreased in

SCC-4 cells with HCP5 overexpression, while it was

increased in si-HCP5-transfected Tca8113 cells (Figure 4F).

miR-140-5p Targets SOX4 In OSCC
Next, through the TargetScan online software (http://www.

targetscan.org/vert_71/), we observed that SOX4 might con-

tain a miR-140-5p binding site in its 3′-UTR (Figure 5A). In

addition, as shown in Figure 5B, the luciferase activity was

significantly reduced in both Tca8113 and SCC-4 cells follow-

ing co-transfection with SOX4-WT and miR-140-5p mimics.

Moreover, the increased SOX4 level in HCP5-overexpressing

SCC-4 cells was diminished by miR-140-5p restoration

(Figure 5C).

Table 1 Relationship Between HCP5 Expression And

Clinicopathological Characteristics Of OSCC Patients

Characteristics Number HCP5 Expression P-Value

(n=73) High

(n=36)

Low

(n=37)

Age (years) 0.393

<60 30 13 17

≥60 43 23 20

Gender 0.688

Male 47 24 23

Female 26 12 14

Lesion site 0.904

Buccal mucosa 13 7 6

Tongue 26 13 13

Mouth floor 13 7 6

Gingiva 21 9 12

Lymph node

metastasis

0.025

Yes 29 19 10

No 44 17 27

TNM stage 0.003

I–II 45 16 29

III–IV 28 20 8
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miR-140-5p Restoration Blocks The

Oncogenic Role Of HCP5 In OSCC Cells
Then, rescue experiments were performed to determine

whether HCP5 regulated OSCC cell phenotypes in a miR-

140-5p-dependent manner. As shown in Figure 6A, miR-

140-5p restoration counteracted the effect of HCP5 in

promoting the EMT of SCC-4 cells. Moreover, in transwell

assay, the migration and invasion of HCP5-overexpressing

SCC-4 cells were markedly inhibited by co-transfection with

miR-140-5p mimics (Figure 6B).

Discussion
OSCC develops by the accumulation of molecular and

genetic alterations. In recent years, lots of lncRNAs have

Figure 2 HCP5 promotes OSCC cell proliferation and cell cycle progression. (A) Proliferation of OSCC cells after transfection, detected by MTTassay. (B) Flow cytometric

analysis of cell cycle distributions in OSCC cells after transfection. Data are presented as mean ± SD. *P<0.05 versus si-NC or empty vector-transfected cells.

Figure 3 HCP5 promotes OSCC cell migration, invasion and EMT. (A) Migration and invasion of OSCC cells after transfection, detected by transwell assay. (B) Western

blot analysis of EMT-related proteins in OSCC cells after transfection. Data are presented as mean ± SD. *P<0.05 versus si-NC or empty vector-transfected cells.
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Figure 4 HCP5 acts as a ceRNA for miR-140-5p in OSCC. (A) The potential binding sites between miR-140-5p and HCP5. (B) The luciferase activities in OSCC cells co-

transfected with HCP5-WTor HCP5-MUTreporter vectors and miR-140-5p mimics or NC. (C) RT-qPCR analysis of miR-140-5p expression levels in clinical OSCC tissues.

(D) RT-qPCR analysis of miR-140-5p expression levels in a series of OSCC cell lines. (E) The inverse correlation between miR-140-5p and HCP5 expression in OSCC

tissues. (F) RT-qPCR analysis of miR-140-5p expression levels in OSCC cells after transfection. Data are presented as mean ± SD. *P<0.05 versus NC-transfected cells;
#P<0.05 versus normal tissues or NOK cells; ^P<0.05 versus si-NC or empty vector-transfected cells.

Figure 5 miR-140-5p targets SOX4 in OSCC. (A) The potential binding sites between miR-140-5p and SOX4. (B) The luciferase activities in OSCC cells co-transfected with

SOX4-WT or SOX4-MUT reporter vectors and miR-140-5p mimics or NC. (C) Western blot analysis of SOX protein expression levels in SCC-4 cells after transfection.

Data are presented as mean ± SD. *P<0.05 versus NC-transfected cells; #P<0.05 versus empty vector+NC-transfected cells; ^P<0.05 versus HCP5+NC-transfected cells.
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been discovered. Some of them are abnormally expressed

and have multiple effects in all steps of OSCC progression.8

LncRNAs hold promise as prospective novel diagnostic

indicators and therapeutic targets for OSCC patients. The

oncogenic role of HCP5 has been previously reported in

many human cancers, and this study, for the first time,

reported novel biological effects of HCP5 in OSCC.

Our results demonstrated that HCP5 was overexpressed

in OSCC, and OSCC patients with aggressive clinico-

pathological characteristics and poor prognosis exhibited

higher intratumoral HCP5 expression. Dysregulation of

cell proliferation, migration and invasion is a critical trig-

ger of carcinogenesis. Our functional experiments further

verified that HCP5 served as an oncogenic regulator in

OSCC, and knockdown of HCP5 diminished the malignant

traits of OSCC cells. Metastasis is a main cause of cancer-

related deaths, and epithelial-mesenchymal transition

(EMT), resulting in enhanced cell migration and invasion,

is a key process in cancer metastasis.9 EMT is character-

ized by a loss of epithelial markers, including E-cadherin,

and the acquisition of mesenchymal markers, including

N-cadherin and Vimentin.10 Some EMT markers have

significant prognostic impact for OSCC patients.11 In this

study, we confirmed that HCP5 activates EMT in OSCC,

consistent with its role in lung adenocarcinoma and color-

ectal cancer.12,13

microRNAs (miRNAs), another kind of noncoding

RNA, are 19–25 nucleotides in length. The ceRNA

hypothesis, originally proposed by Pandolfi et al, indicates

that lncRNAs can function as a competing endogenous

RNAs (ceRNAs) that sequesters miRNAs to block the

repression of miRNAs on target mRNAs.14 Peng et al

previously reported that miR-140-5p suppressed OSCC

tumorigenesis,15 and in this study, we demonstrated that

HCP5 directly binds to miR-140-5p and inhibits miR-140-

5p expression in OSCC. As a critical transcription factor in

EMT, SOX4 is closely associated with lymph node metas-

tasis in OSCC patients,16 and here, it was verified as

a direct target of miR-140-5p in OSCC. From rescue

experiments, we found that miR-140-5p restoration

Figure 6 miR-140-5p restoration blocks the oncogenic role of HCP5 in OSCC cells. (A)Western blot analysis of EMT-related proteins in SCC-4 cells after transfection. (B) Migration

and invasion of SCC-4 cells after transfection, detected by transwell assay. Data are presented as mean ± SD. *P<0.05 versus HCP5+NC-transfected cells.
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blocked SOX4-mediated EMT, thereby reducing the onco-

genic effects of HCP5 in OSCC cells.

In short, our findings illustrated that HCP5 might serve

as an oncogene to facilitate OSCC progression partly

through regulating miR-140-5p/SOX4 axis. The discovery

of this regulation pattern was meaningful, and we there-

fore think that HCP5 may represent a potential therapeutic

target for OSCC treatment in the future.
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