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Abstract

Introduction. Hepatocellular carcinoma (HCC) is the sixth most common type of cancer and

the second leading cause of cancer death worldwide [19]. Opioid growth factor (OGF) has

been shown to exhibit  antitumour potential,  binding to OGF receptor (OGFr).  Naltrexone

(NTX),  an OGFr antagonist,  is  considered as  a  potential  anti-cancer  agent.  However,  the

specific mechanism of how OGFr acts on HCC cells is yet to be elucidated. 

Materials and methods. HepG2 cells were inoculated into subcutaneous areas of nude mice’s
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back (200 μL, 2.5×107/mL) to establish HCC in vivo  models. HepG2 cells were transfected

with lentiviral plasmids containing short hairpin RNA (shRNA) targeting OGFr (sh-OGFr) or

negative control shRNA (sh-NC), and OGFr over-expression (OE-OGFr) or over-expression

negative control (OE-NC) plasmids. Subsequently, male BALB/c nude mice were randomized

into  Control,  sh-NC,  sh-OGFr,  OE-NC,  and  OE-OGFr  groups  (n  =  6).  Measurement  of

tumour  size  weekly  for  four  weeks,  TUNEL  staining  for  apoptosis,  and

immunohistochemistry were performed. In vitro, HepG2 cells were randomized into OE-NC,

OE-OGFr,  and OE-OGFr+NTX (100  μmol/L) groups,  and sh-NC, sh-OGFr,  sh-OGFr+sh-

P21, and sh-OGFr+sh-P16 groups. Cell viability by CCK8 assay, cell proliferation by EDU

staining, cell migration by cell scratch, and Western blot were performed. 

Results. In vivo,  sh-OGFr-transfected HepG2 cells  increased tumour weight,  volume, and

Ki67 expression, decreased P21 and P16 expression, and did not affect apoptosis rate. But the

effect of OE-OGFr in HepG2 cells was completely the opposite. In vitro, OE-OGFr inhibited

HepG2 cells’ viability, proliferation, and migration, and further NTX intervention reversed its

inhibitory effects. The transfection of HepG2 cells with sh-OGFr+sh-P21 and sh-OGFr+sh-

P16 further enhanced the cell proliferation and migration abilities compared to the sh-OGFr

group. 

Conclusions. OGFr overexpression may inhibit HCC progression by activating P16 and P21

expression to inhibit cell proliferation and migration, thereby providing new potential targets

for HCC treatment.

Keywords: hepatocellular carcinoma, OGFr, cell proliferation, cell migration, P21, P16

Introduction

As a primary malignant tumour of liver cells, hepatocellular carcinoma (HCC) represents the

most common form of liver cancer, accounting for up to 90% of cases [1]. Men have a greater

risk of developing liver cancer, with a global male-to-female incidence ratio of 2.8:1 [2]. The

incidence of liver cancer is predicted to exceed 1 million cases by 2025 [1]. The onset of HCC

remains insidious, with fewer than 30% of HCC patients being suitable for radical treatment
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at first diagnosis  [3]. The survival rate of advanced liver cancer patients receiving systemic

treatment  remains  very  poor  [3,  4].  Furthermore,  new  biological  therapies  and  small-

molecule-targeted  drug therapy  remain  imperfect  and expensive,  increasing  the  economic

burden and pressure on quality of life,  and thus have not been widely applied in clinical

practice [4, 5]. Therefore, there is an urgent need for the emergence of effective, affordable,

minimally toxic and safe therapies and the exploration of relevant targets for HCC treatment. 

Opioid growth factor (OGF) is an endogenous pentapeptide, formerly known as  methionine

encephalin (MENK), produced in an autocrine and paracrine manner in several cancer cells

such as ovarian and pancreatic cancer cells. It is not cytotoxic nor apoptotic related, and exerts

anti-tumour, anti-proliferative, anti-angiogenic, and cell renewal properties [6, 7]. OGF binds

to its receptor (OGFr) to inhibit DNA synthesis, cell proliferation and cell growth, thereby

modulating tumourigenesis and cancer progression [8]. Importantly, OGFr has been found to

have no effects  on cell  necrosis  or  apoptosis  [6].  Both  in  vitro and  in  vivo studies  have

reported that OGF leads to the inhibition of cell proliferation in human colon tumours, head

and  neck  squamous  cell  carcinomas,  and  renal,  ovarian  and  pancreatic  cancers  [9].

McLaughlin et al. [10] demonstrated that OGFr overexpression led to 11% to 68% decreases

in cell number and 46% to 75% decreases in DNA synthesis in human squamous carcinoma

cells of the head and neck, decelerating tumour growth. MENK has been shown to facilitate

osteosarcoma cell proliferation, invasion and migration, which is reversed by further OGFr

knockdown [11]. Moreover, OGFr expression has been observed in human HCC cells, with

OGF inhibiting HCC cell proliferation and migration in mice, and exerting anti-HCC activity

[12]. Avella et al. [13] noted the presence of OGFr in a human HCC cell line and verified its

inhibitory effect on cell  proliferation,  and that the OGF-OGFr action was associated with

DNA synthesis  inhibition,  independent  of  apoptosis  or  necrosis.  However,  the  specific

mechanism of OGF-OGFr axis in HCC remains to be identified. 

It has been demonstrated that OGF-OGFr targets P21 and P16 by cyclin-dependent inhibitory

kinase pathways to block the transition from G1 phase to S phase,  inhibiting intracellular

DNA synthesis and achieving effects for inhibition of normal cell proliferation [14]. Sikong et
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al. [12] demonstrated that OGFr knockdown led to decreased P21 and P53 expression in HCC

cells,  so  as  to  inhibit  cell  proliferation  and  migration.  It  has  been  demonstrated  in  vivo,

following  cisplatin  with  OGF  or  cisplatin  alone  administered  to  HCC  model  mice

respectively, that the combination group showed higher OGFr, P16, P21 and P53 levels than

the  cisplatin  intervention  group  [12].  Furthermore,  OGF-OGFr  has  been  found  to  cause

inhibition of head and neck squamous cell carcinoma cell proliferation by promoting the P16

pathway [15]. 

Therefore, we aimed to investigate the role and possible mechanism of the OGF-OGFr axis in

HCC by constructing an HCC nude mouse subcutaneous graft tumour model and  in vitro

experiments to develop potential targets and new therapeutic strategies for clinical application

of HCC therapy. 

Materials and methods

Cell culture

Human  hepatocellular  carcinoma  HepG2  cells  (iCell-h092,  iCell,  Shanghai,  China)  were

cultured  in  MEM  (iCell-0012,  iCell)  with  10%  foetal  bovine  serum  (FBS;  FS301-02,

TransGene Biotech, Beijing, China) and 1% penicillin/streptomycin (FG101-01, TransGene)

in a humidified cell culture incubator (BB150, Thermo Scientific, Waltham, MA, USA) under

5%  CO2,  at  37  degrees  centigrade,  and  70–80%  humidity.  Observation  of  HepG2  cells

morphology was done using a light microscopy (AE2000, Motic, Fujian, China).

Human normal  hepatocytes  (MIHA) cells  (iCell-h054,  iCell)  and  human  HCC cell  lines,

including HepG2, Huh7 (iCell-h080, iCell), Hep3B (iCell-h091, iCell) and SK-Hep1 (iCell-

h190, iCell) cells  were cultured in DMEM with 10% FBS, 100 IU/mL penicillin and 100

μg/mL streptomycin under 5% CO2 and at 37 degrees. 

Cell transfection

OGFr knockdown, OGFr overexpression,  P21 knockdown, and P16 knockdown cell  lines

were constructed using the lentiviral vector, LV3(H1/GFP&Puro). Sequence information was
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set  out  in  Tab.  1.  A collection  of  logarithmic  growth  phase  HepG2 cells  was  made  for

transfection using a LipofectamineTM3000 kit (L3000-008, Invitrogen, Carlsbad, CA, USA)

according  to  the  manufacturer’s  instructions.  HepG2  cells  were  infected  with  lentiviral

plasmids  containing  short  hairpin  RNA (shRNA)  targeting  OGFr  (sh-OGFr)  or  negative

control shRNA (sh-NC), and OGFr over-expression (OE-OGFr) plasmid or over-expression

negative control (OE-NC) plasmid. Following incubation for 8 h in an incubator at 37 degrees

and  5%  CO2,  the  medium  was  replaced  with  fresh  complete  medium  to  continue  the

incubation for 48 h. The transfection efficiency was detected by qRT-PCR assay. 

Animals

6–8 week old  healthy  male  BALB/c  athymic  nude mice,  purchased  from Shanghai  Jihui

Laboratory  Animal  Care  Co.,  Ltd under  NO.SCXK  (Hu)  2022-0009,  were  housed  in

Hangzhou  Huante  Youjian  Biotechnology  Co.,  Ltd  with  NO.SYXK  (Zhe)  2024-0003

following  the  guidelines  of  the  Institutional  Animal  Care  and  Use  Committee  (approval

number: ZJEY-20240215-01, Suppl. Fig. S1). The housing environment maintained a constant

temperature of 22–24 degrees, 40–60% relative humidity, and a 12-hour light/dark cycle. The

nude mice were permitted free access to food and water for a week of acclimatisation, as well

as subsequently.

Construction of xenograft tumour models and grouping 

Following  collection  of  HepG2  cells  in  logarithmic  growth  phase,  adjustment  of  cell

concentration to 2.5×107/mL was performed for inoculation into a subcutaneous area of the

backs of the nude mice (200 μL) [16]. The status of the nude mice and transplanted tumour

growth were observed weekly after inoculation. During this period, the mice were still kept in

the  SPF  feeding  room  and  fed  ad  libitum.  Following  pharmacological  intervention  and

observation for four weeks, the nude mice were euthanised by inhalation of CO2. The tumuor

tissues was separated into two parts, one of which was fixed in 4% paraformaldehyde and

sectioning after paraffin embedding, while the other part was frozen in liquid nitrogen and
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kept at –80 degrees centigrade. 

Once the transplanted tumour volume reached 150 mm3, the mice were randomly divided into

five groups (n = 6 per group): these groups were named the Control, sh-NC, sh-OGFr, OE-

NC,  and  OE-OGFr  groups.  The  mice  in  the  Control  group received  an  equal  amount  of

untransfected HepG2 cells. 

Tumour weight and volume detection

The  measurement  of  tumour  size  was  carried  out  weekly  from the  modelling  day,  with

calculation of the tumour volume and weight. The fascia was removed, and the tumours were

cut out to record the tumour weight, with determination of long and short tumour diameters

(a) and (b) using Vernier calipers. Tumour volume = ab2/2 [17]. Tumour inhibition rate (%) =

(1 — tumour volume of experimental group/tumour volume of Control group) × 100%.

Immunohistochemistry

Following dewaxing of tumour tissue paraffin sections, samples were gradually hydrated in

decreasing ethanol gradients, washed with water, and incubated with 100 μL of 3% hydrogen

peroxide blocking solution for 10 minutes at room temperature. The sections were placed in

boiling antigen repair solution of 1 mmol Tris-EDTA (pH = 9.0, 648310, E9884, Sigma, St.

Louis,  MO,  USA)  for  15  minutes,  held  for  15  minutes,  and  then  cooled  naturally.  The

completion of thermal antigen repair and addition of 100 μL 5% BSA blocking solution was

done at room temperature for 20 minutes. Subsequently, sections were reacted with primary

antibodies,  OGFr  polyclonal  Antibody  (1:200,  PA5-77121,  Invitrogen),  Ki67  polyclonal

Antibody  (1:200,  AF0198,  Affinity,  OH,  USA),  P21  monoclonal  antibody  (1:1,000,

ab188224, Abcam, Shanghai, China), and P16 monoclonal antibody (1:30, 270058, Abcam)

overnight at 4 degrees centigrade. Incubation was performed with a secondary antibody, Goat-

Anti-Rabbit H&L (HRP) (1:5,000, ab97080, Abcam), for 30 minutes at 37 degrees centigrade.

DAB was added to develop colour, with haematoxylin (Bry-0001-01, Runnerbio, Shanghai,

China) for re-staining for 30 s. Following rinsing in tap water, sections were sequentially put
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in graded ethanol and xylene, sealed, and observed under an E100 light microscope (Nikon,

Tokyo,  Japan).  The  appearance  of  yellow  or  brown  colour  (darker  up  to  brown)  in  the

cytoplasm was considered as a positive expression. The integral optical density (IOD) value

and area value (sample area at 200× field of view) were analysed for each section (n = 6 per

group), and the average optical density (AOD) was calculated using IOD/area value as a semi-

quantitative analysis index.

TUNEL staining

The tumour tissue paraffin sections were stained with TUNEL followed the steps described in

the TUNEL apoptosis detection kit (C1090, Beyotime, Shanghai, China) and incubated with

DAPI staining solution (ab104139, Abcam) for 10 minutes at room temperature away from

light,  sealed,  and  examined  microscopically.  The  nuclei  of  positive  apoptotic  cells  were

coloured in red. The numbers of positive cells (red) and total cells (blue) in each sample were

measured by an Image J system, to calculate the number of positive cells/total  cells  as a

positive cell rate. 

CCK8 assay

The  HepG2 cells  were inoculated in  96-well  plates for 48 h,  and then the operation was

completed according to the steps of a CCK8 kit (C0039, Beyotime). The OD values were

measured at 0 h, 24 h, 48 h and 72 h to calculate the cell viability. Cell viability = (OD value

of experimental group-blank zeroing OD value)/(OD value of control group-blank zeroing

OD value) × 100%.

Cell grouping

The HepG2 cells were randomly divided into three groups for detection of the role of OGFr

on  HCC  cell  proliferation,  including  OE-NC,  OE-OGFr,  and  OE-OGFr+naltrexone  [18]

(OGFr antagonist,  NTX, 100  μmol/L,  HY-17417A, MCE, Monmouth Junction,  NJ,  USA)

groups. Meanwhile, the HepG2 cells were randomly divided into four groups, the sh-NC, sh-
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OGFr, sh-OGFr+sh-P21, and sh-OGFr+sh-P16 groups, to test the effects of P21 and P16 in

OGFr regulation of HCC cell proliferation. Follow-up testing was accomplished after 48 h of

incubation. 

qRT-PCR

An RNA extraction kit (AG21024, Agbio, Hunan, China) was applied to obtain total RNA of

HepG2 cells, and a HiFiScript cDNA synthesis kit (CW2569M, KangWei Co. Ltd., Beijing,

China) was used to synthesise cDNA. Subsequently, qRT-PCR was accomplished by a SYBR

Green  qPCR  kit  (11201ES03,  YiSheng  Biotechnology  Co.  Ltd.,  Shanghai,  China).  The

reaction  conditions  were  as  follows:  95°C,  10  min;  95°C,  15  s;  60°C,  60  s;  40  cycles.

Glyceraldehyde-3-phosphate  dehydrogenase  (GAPDH)  was  taken  as  an  internal  reference

gene. The relative OGFr, P21, and P16 mRNA expression were quantified by the 2–∆∆CT assay.

The primer sequences are set out in Tab. 2.

Cell scratch assay

A marker was used to draw five horizontal lines evenly behind a 6-well plate with an interval

of 0.5 cm. 5 × 105 cells per well were cultured until the plate wells were spread and a straight

line was drawn with the tip of a pipette gun. Cells under the scratches were washed away, and

serum-free  medium was  added.  Groups  were  treated  for  24  h  to  observe  the  healing  of

scratches, and photographed. The scratch migration rate of cells in each group was analysed

by  Image  J  software.  Cell  migration  rate  =  (0  h  scratch  width-scratch  width  after  24  h

incubation)/0 h scratch width × 100%.

EDU test for cell proliferation 

The culture of HepG2 cells was carried out in 12-well plates at a density of 60–70% and

incubated with 500  µL of 2×EDU solution from a Beyoclick™ Edu-594 Cell Proliferation

Detection Kit  with Alexa Fluor 594 (C0078S, Beyotime) per  well  for 4 h at  37 degrees.

Following  fixation  with  95%  ethanol  for  15  minutes  at  room  temperature  and
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permeabilisation with 0.3% TritonX-100 for 10 minutes, the samples were incubated with 0.5

ml of Click reaction solution for 30 minutes at room temperature. 1 mL of 1 × Hoechst 33342

solution from a Beyoclick™ Edu-594 Cell Proliferation Detection Kit was added to each well,

and incubated for 2 minutes avoiding light. The slices were sealed and photographed under an

inverted fluorescence microscope (Ts2-FC, Nikon). The number of cells  and EDU-stained

positive cells were measured by the Image J system, and the positive rate of each sample was

counted as a quantitative analysis index. Positive rate = number of positive cells/total number

of cells × 100%. 

Western blot

A RIPA lysis buffer (P0013B, Beyotime) was used for lysis of HepG2 cells, and a BCA kit

(pc0020, Beyotime) was used to detect the total protein concentration (0.30 mg/mL). The

transfer of separated obtained proteins to PVDF membrane (10600023, GE Healthcare Life,

Chicago,  IL,  USA)  was  accomplished  using  SDS-PAGE.  Following  5%  skimmed  milk

powder blocking, the incubation of protein samples with primary antibody (Tab. 3) overnight

at  4°C  and  then  with  secondary  antibody  (Tab.  3)  for  1  h  was  carried  out.  An  ECL

chemiluminescence  meter  (610020-9Q,  Clinx,  Shanghai,  China)  was  applied  for  the

measurement of protein bands. 

Statistical analysis

Statistical data analysis was performed by SPSS software (version 20.0, IBM). Measurements

between multiple groups that met normal distribution and chi-square were carried out by one-

way analysis of variance (ANOVA). Further two-by-two comparisons were performed using

the Tukey test. All statistics were reported as mean ± standard deviation. A P value of less

than 0.05 was considered statistically significant. 

Results

OGFr overexpression intervention led to tumour growth inhibition in HCC mice
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HepG2 cell morphology was observed by light microscopy (Fig. 1A). HepG2 cells exhibited

adherent growth, spindle-shaped or irregular polygonal cell morphology, clear cell edges, and

clustered  growth.  The  transfection  efficiency  of  OGFr  knockdown and  overexpression  in

HepG2 cells was detected by qRT-PCR assay (Fig. 1B). The sh-OGFr group had lower OGFr

mRNA levels than the sh-NC group (P < 0.01). Increased OGFr mRNA expression occurred

in HepG2 cells of the OE-OGFr group compared to those of the OE-NC group (P < 0.01). The

experiment flowchart was concisely diagrammed as displayed in Fig. 1C. The tumour weight

and tumour volume at weeks 1, 2, 3, and 4 in the sh-OGFr group were higher (P < 0.05), with

a decreased tumour inhibition rate compared to that of the sh-NC group (Fig. 1D, E, Suppl.

Tab. S1–S3, P < 0.05). The OE-OGFr group had reduced tumour weight and tumour volume

calculated at weeks 1, 2, 3, and 4 (P < 0.01 or P < 0.05), whereas there was an enhanced

tumour  inhibition  rate  compared  to  the  OE-NC group  (Fig.  1D-E;  P <  0.05).  Moreover,

apoptosis of mouse tumour tissues in various groups was measured using TUNEL staining

(Fig. 1F). The OE-OGFr group presented an elevated trend of apoptosis with respect to the

OE-NC  group,  whereas  a  decreasing  trend  of  apoptosis  occurred  in  the  sh-OGFr  group

compared to the sh-NC group (P > 0.05). 

OGFr overexpression intervention caused elevated P21 and P16 expression and decreased

Ki67 expression in HCC mice

OGFr, Ki67, P21, and P16 expression was measured using immunohistochemistry (Fig. 2).

There were higher Ki67 expression (P < 0.01), and reduced OGFr, P21, and P16 expression (P

<  0.01)  in  tumour  tissues  of  sh-OGFr  group  compared  to  the  sh-NC  group.  The  Ki67

expression in the OE-OGFr group was lower than that of the OE-NC group, with enhanced

OGFr, P21, and P16 expression (P < 0.01). 

OGFr overexpression inhibited HepG2 cell viability, cell proliferation and migration

Detection of OGFr expression in MIHA, HepG2, Huh7, Hep3B, and SK-Hep1 cells was made

by  qRT-PCR  assay  (Fig.  3A).  We  intuitively  visualized  that  increased  OGFr  mRNA
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expression occurred in HepG2 and SK-Hep1 cells compared to that of MIHA cells (P < 0.01

or P < 0.05). Therefore, HepG2 cells were selected for subsequent studies. The measurement

of OGFr,  P21, and P16 mRNA levels was carried out by qRT-PCR assay for transfection

efficiency validation  (Fig.  3B–D).  The  HepG2 cells  in  the sh-OGFr group showed lower

OGFr mRNA expression than in the  sh-NC group (P < 0.01), and there were higher  OGFr

mRNA levels  in  the  OE-OGFr  group  than  in  the  OE-NC group  (P <  0.01).  There  were

decreased  P21 mRNA levels in the  sh-P21  group than in the sh-NC group (P < 0.01), and

lower  P16  mRNA expression  in  the  sh-P16  group  than  in  the  sh-NC group  (P <  0.01).

Subsequently, the determination of cell viability at 0 h, 24 h, 48 h and 72 h was done by

CCK8 assay (Fig. 3E). It was evident that HepG2 cells of the sh-OGFr group showed a highly

significant increase in cell activity at 24 h, 48 h and 72 h (P < 0.01). The OE-OGFr treatment

caused a highly significant decrease of cell activity at 24 h, 48 h and 72 h (P < 0.01 or P <

0.05). In addition, detection of cell proliferation and cell migration in the OE-NC, OE-OGFr,

and OE-OGFr+NTX groups was performed by EDU staining and cell scratch assay (Fig. 3F,

G). The OE-OGFr group caused highly significantly reduced EDU-staining positive cells, as

proliferation  rate,  compared  to  the  OE-NC  group  (Fig.  3F,  P  <  0.01).  Further  NTX

intervention in the OE-OGFr group led to very significantly higher EDU-staining positive

cells (P < 0.01). In Fig. 3G, HepG2 cells in the OE-OGFr group exhibited a highly significant

decrease of cell migration ability compared to that in the OE-NC group (P < 0.01). There was

a highly significant greater reduction of cell migration ability in the OE-OGFr+NTX group

than in the OE-OGFr group (P < 0.01). 

OGFr knockdown inhibited HepG2 cell proliferation and migration by promoting P21 and

P16 expression

The measurement  of  cell  proliferation was carried out  with EDU staining (Fig.  4A).  The

HepG2 cells in the sh-OGFr group had highly significant increases of EDU-staining positive

cells compared to the sh-NC group (P < 0.01). We also found that sh-OGFr+sh-P21 and sh-

OGFr+sh-P16 intervention led to more highly enhanced EDU-staining positive cells than in
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the sh-OGFr group (P < 0.01). Furthermore, a cell migration test was made by cell scratch

assay (Fig. 4B). There was more enhanced cell migration ability in HepG2 cells of the sh-

OGFr  group  than  in  the  sh-NC group  (P <  0.05).  Following  further  sh-P21  and  sh-P16

treatment respectively, OGFr knockdown increased cell migration ability in HepG2 cells (P <

0.01 or P < 0.05). Western blot assay was employed to examine P21, P16, and P53 protein

expression in HepG2 cells (Fig. 4C). The OGFr knockdown treatment caused lower P21, P16,

and P53 protein expression than in cells in the sh-NC group (P < 0.01 or P < 0.05). There was

reduced P21 and P53 protein expression in the sh-OGFr+sh-P21 group (P < 0.01), as well as

lower P16 and P53 protein levels in the sh-OGFr+sh-P16 group than in the sh-OGFr group (P

< 0.01). 

Discussion

Hepatocellular carcinoma represents the sixth most common type of cancer and is the second

leading cause of cancer death  [19]. The morbidity and mortality rates of HCC continue to

increase meanwhile, and it has been reported that its 5-year survival rate is only 18%, thus

seriously jeopardising worldwide health and quality of life [20]. Surgical resection and liver

transplantation are primarily employed in the early stages of HCC [21]. Immunosuppressive

and targeted therapies are integral parts of advanced HCC treatment, although these strategies

ultimately contribute to the development of drug resistance or relapse  [21]. Therefore, the

present study was aimed at finding potential therapeutic targets and mechanisms for HCC. 

It has been demonstrated that OGF presents one of the new potential options for safe cancer

treatment,  accompanied by anti-tumour,  analgesic,  and immune-enhancing properties  [22].

HCC tissues have demonstrated lower OGFr expression than adjacent normal liver tissues

[23]. Wu et al. [23] applied transcriptomic and quantitative proteomic analyses to reveal that

the long-stranded noncoding RNA HOX transcriptional antisense RNA contributed to HCC

cell proliferation with negative regulation of OGFr. OGFr knockdown promoted HCC cell

proliferation and G1/S phase, whereas OGFr overexpression was shown to induce inhibition

of cell proliferation and G1-phase arrest  [23], which is consistent with our CCK8 and EDU
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staining  results.  At  the  same time,  NTX intervention,  the  OGFr  antagonist  in  our  study,

reversed  the  antiproliferative  effects  of  OGFr  overexpression.  In  addition,  long-stranded

noncoding RNA LINC00673 has been shown to contribute to cell proliferation, migration,

and invasion in epithelial ovarian cancer mediated by OGFr inhibition [24], an observation in

strong agreement with the findings of our present study. Notably, it has been revealed that

low-dose  NTX  (LDN)  has  potentially  therapeutic  benefits  for  several  cancers,  including

breast cancer, liver cancer, lung cancer, and colon cancer [25]. The use of LDN as an adjuvant

therapy for cancer chemotherapy and immunotherapy is supported by its unique mechanism

of action on cancer cells, lack of cytotoxicity, and immunomodulatory function [26]. At the

same  time,  NTX  inhibits  chemotherapy-induced  cardiotoxicity  and  thus  exerts

cardiomyoprotective effects, which has the potential to improve cardiac function in cancer

patients [27]. 

These findings may be the reasons why NTX further enhanced the inhibitory effect of OGFr

overexpression on cell  migration in the present study. Moreover,  the OGF-OGFr pathway

exerts important regulatory roles in pancreatic carcinogenesis and progression, and exogenous

OGF or OGFr upregulation has inhibited tumour growth in human pancreatic cancer cells and

in nude mice  [28].  In our study, overexpression of OGFr caused reduced tumour growth,

including lower tumour volume and weight, as well as lower Ki67 expression. According to

the above findings, overexpression of OGFr has the potential to alleviate the progression of

HCC by inhibiting cell proliferation and cell migration. 

OGF-OGFr restricts cell proliferation in human pancreatic cancer through the P21 pathway,

whereas P21 knockdown reverses the inhibitory effects of OGF on cell proliferation [29]. The

LMNA  gene  knockdown  intervention  in  HepG2  cells  causes  reduced  tumourigenicity,

whereas  P16  expression  increases  [30].  Exogenous  OGF  administration  was  shown  to

attenuate tumour volume growth in HCC mice,  and further OGF combined with cisplatin

intervention was observed to express higher OGFr, P16, P21, and P53 than the cisplatin–only

intervention group, although the findings were evaluated only by immunohistochemistry [12].

In the present study, OGFr knockdown and overexpression was further carried out in HCC
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mice, respectively, preliminarily confirming that OGFr may exert anti-HCC effects by P16

and  P21  activation.  Klocek  et  al. [31] indicated  that  the  mechanism of  OGF-OGFr  was

independent of apoptosis in Tenon’s capsule fibroblasts, and that knockdown of P16 or P21

eliminated the growth inhibitory effects of OGF treatment. Moreover, knockdown of OGFr

led to the reduction of P21 and P53 expression [12]. 

The above findings accord with our results. Furthermore, in ovarian cancer cells, knockdown

of OGFr results in upregulated cell proliferation, and knockdown of P16 or P21 reverses the

inhibitory  effect  of  OGF  on  tumour  growth  [32].  In  fact,  LDN  has  demonstrated  high

anticancer potential [26]. Liu et al. [33] showed that LDN inhibited migration and invasion of

cervical cancer cells.  In vitro, consistent with the above findings, NTX enhanced the anti-

migratory effects of OGFr overexpression in this study, and knockdown of OGFr and P16 or

P21 led to enhanced cell proliferation and migration of HepG2 cells. Hence, P16 and P21

present important targets of OGFr in HCC.

The study by Avella et al. [13] documented the presence of OGFr in HCC cells and surgical

specimens, and the ability of OGFr to inhibit the growth of HCC cells, which was related to

the inhibition of DNA synthesis and was not related to apoptosis or necrosis pathways, laying

a  solid  theoretical  foundation  for  our  present  study.  Sikong  et  al. [12] found  that  OGF

inhibited  migration  and  proliferation  of  HCC  cells,  and  exogenous  OGF  enhanced  the

antitumour activity  of cisplatin on HCC by upregulating P21 and P53. The present  study

mainly focused on the role and potential mechanism of OGFr action in HCC, which may

inhibit cell proliferation and migration by activating P16 and P21 thus exerting anti-tumour

activity, and it preliminarily confirms that these actions were not related to apoptosis. 

However,  interestingly,  OGF  and  gemcitabine  conjugate  induced  apoptosis  in  human

pancreatic cancer cell line MIA PaCa-2 cells, whereas apoptosis was not detected in human

metastatic pancreatic tumour cell line AsPC-1 cells [9]. Additionally, in cutaneous squamous

cell  carcinoma,  OGFr  led  to  G0/G1  cell  cycle  arrest  and  activation  of  apoptosis  [34].

Therefore,  subsequent  investigations  are  required  to  gain  a  deeper  understanding  of  the

mechanism of OGFr action in various tumour types.
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Conclusions

With the establishment of an HCC tumour model in nude mice and the application of HepG2

cells, we have verified both  in vitro and  in vivo that OGFr may exert anti-HCC effects by

activating P16 and P21, and thus inhibit HCC cell proliferation and migration. These findings

may contribute to the development of new strategies and potential targets for HCC treatment.
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OGFR-homo-479 5’-AGGGAGGTCGAGGTGTTTAAA-3’

OGFR-homo-1246 5’-GGAGAAGATCGCTCTGAATTT-3’

OGFR-homo-243 5’-GTAGGTATCGGCACAACTATC-3’

P21-homo-533 5’-CAGATTTCTACCACTCCAAAC-3’

P21-homo-230 5’-AGCGATGGAACTTCGACTTTG-3’

P21-homo-419 5’-ATGTGGACCTGTCACTGTCTT-3’

P16-homo-142 5’-CCCAACGCACCGAATAGTTAC-3’

P16-homo-45 5’-GGGGAGCAGCATGGAGCCTTC-3’

P16-homo-267 5’-CCGACCCGTGCACGACGCTGC-3’

Table 2. Primer sequences

Gene Forward primer Reverse primer

Human OGFr

5’-

GAGGACGAGGAGTCGGA

GG-3’

5’-

TGGCAGAAGACTCCACCTCT-

3’

Human P21

5’-

CAGAACCGGCTGGGGATG

T-3’

5’-

GGAGTGGTAGAAATCTGTCA

TGC-3’

Human P16

5’-

CCGAATAGTTACGGTCGG

AGG-3’

5’-

AATCGGGGATGTCTGAGGGA

-3’

Human β-actin

5’-

GCACCGTCAAGGCTGAGA

AC-3’

5’-

TGGTGAAGACGCCAGTGGA-

3’

Table 3. Antibody information

Antibody Company
Article

number
Dilution

P21 antibody Affinity AF6290 1:1,000
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P16 antibody CST 18769S 1:1,000

P53 antibody Affinity AF0879 1:1,000

Anti-rabbit  IgG,  HRP-linked

antibody
CST 7074 1:6,000

GAPDH antibody Proteintech 10494-1-AP 1:10,000

CST — cell signalling technology; GAPDG — glyceraldehyde-3-phosphate dehydrogenase 
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Figure 1. OGFr overexpression intervention led to tumour growth inhibition in HCC mice; A.

Morphology of cultured HepG2 cells;  B. Transfection efficiency of OGFr knockdown and

overexpression in HepG2 cells was assessed by qRT-PCR, n = 3, ▲P < 0.05 and ▲▲P < 0.01

vs. sh-NC group, ★P < 0.05 and ★★P < 0.01 vs. OE-NC group; C. Flowchart of animal model

of HCC in which male BALB/c nude mice received control or transfected HepG2 cells;  D.

Tumour size of  mice four  weeks after  inoculation  of  transfected HepG2 cells,  n = 6;  E.

Tumour volume and tumour weight at 1, 2, 3, and 4 weeks after inoculation of transfected

HepG2 cells from cells’ administration; tumour inhibition rate was calculated as described in

‘Materials and methods’, n = 6 for each group;  F. Apoptosis of mouse tumour tissues was

detected  by  TUNEL  staining  four  weeks  after  inoculation  of  transfected  HepG2  cells

(magnification: 200×, scale bar: 100 μm), n = 6. ▲P < 0.05 and ▲▲P < 0.01 vs. sh-NC group,

★P < 0.05 and ★★P < 0.01 vs. OE-NC group. Abbreviations:HCC — hepatocellular carcinoma;

OGFr  —  opioid  growth  factor  receptor;  qRT-PCR  —  quantitative  reverse  transcription

polymerase chain reaction 

Figure 2. OGFr overexpression caused elevated P21 and P16 expression and decreased Ki67

expression  in  HCC  mice.  OGFr,  Ki67,  P21,  and  P16  expression  was  measured  using

immunohistochemistry (magnification: 200×, scale bar: 100 μm), n = 6; OGFr overexpression

elevated P21 and P16 immunoreactivity and decreased Ki67 expression in HCC tumours in

mice. ▲P < 0.05 and ▲▲P < 0.01 vs. sh-NC group, ★P < 0.05 and ★★P < 0.01 vs. OE-NC group.

Abbreviations: AOD — average optical density; OGFr — opioid growth factor receptor

Figure  3. OGFr  overexpression  inhibited  HepG2  cell  viability,  cell  proliferation  and

migration; A. OGFr mRNA expression in MIHA, HepG2, Huh7, Hep3B, and SK-Hep1 cells

was measured by qRT-PCR, n = 3, ▲P < 0.05 and ▲▲P < 0.01 vs. MIHA group. Measurements

of OGFr (B), P21 (C), and P16 (D) mRNA levels were carried out by qRT-PCR assay for

transfection efficiency validation, n = 3, ▲P < 0.05 and ▲▲P < 0.01 vs. sh-NC group, ★P < 0.05
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and ★★P < 0.01 vs. OE-NC group; E. Cell viability at 0 h, 24 h, 48 h and 72 h was measured

by CCK8 assay, n = 6, ▲P < 0.05 and ▲▲P < 0.01 vs. sh-NC group, ★P < 0.05 and ★★P < 0.01

vs. OE-NC group; F. Cell proliferation was assessed by EDU staining (magnification: 200×,

scale  bar:  100  μm),  n  =  3;  G: Cell  migration  was  determined  by  cell  scratch  assay

(magnification: 40×, scale bar: 400 μm), n = 3. ▲P < 0.05 and ▲▲P < 0.01 vs. sh-NC group, ★P

< 0.05 and ★★P < 0.01 vs. sh-OGFr group. Abbreviations: EDU — 5-ethynyl-2'-deoxyuridine;

NTX — naltrexone; OGFr — opioid growth factor receptor

Figure 4. OGFr knockdown inhibited HepG2 cell proliferation and migration by promoting

P21 and P16 expression;  A. Measurement of cell  proliferation was carried out with EDU

staining (magnification: 200×, scale bar: 100 μm), n = 3; B. Cell migration test was made by

cell scratch assay (magnification: 40×, scale bar: 400 μm), n = 3; C. Western blot assay was

employed to examine P21, P16, and P53 protein expression in HepG2 cells, n = 3. ▲P < 0.05

and ▲▲P < 0.01 vs. sh-NC group, ★P < 0.05 and ★★P < 0.01 vs. sh-OGFr group. Abbreviations:

EDU — 5-ethynyl-2'-deoxyuridine; OGFr — opioid growth factor receptor
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