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Abstract. G‑protein coupled receptor 4 (GPR4) acts as a 
proton‑sensing receptor and plays a role in regulating angio-
genesis. Endoglin/CD105 is a marker of cell proliferation in 
vascular endothelial cells, particularly in tumor vasculature 
cells. Although there have been several studies investigating 
angiogenesis in hepatocellular carcinoma (HCC), none have 
investigated the association between GPR4 and microvessel 
density (MVD)‑CD105 in this type of cancer. In the present 
study, CD105 and GPR4 were found to be expressed in benign 
and malignant liver tissues by immunofluorescence staining 
and laser confocal microscopy. Compared with levels in 
benign tissues, CD105 and GPR4 were highly expressed in 
neoplastic tissues. Furthermore, the average fluorescence 
intensity of GPR4 and MVD‑CD105 was positively correlated. 
GPR4 and CD105 were found to be co‑localized in the vascular 
endothelium in tumor tissues. Furthermore, the expression 
of GPR4 was higher in the marginal region of tumor tissues 
compared with the central region. These findings suggest 
that the expression of GPR4 in tumor microvessels in HCC 
may be implicated in tumor angiogenesis and development. 
Furthermore, the association between the expression of GPR4 
and the clinicopathological features of patients with HCC 
further suggests a role for GPR4 in tumor angiogenesis and 
growth. Overall, these results suggest the potential of GPR4 as 
a prognostic factor and as an antiangiogenic target in patients 
with HCC.

Introduction

The G‑protein‑coupled receptor (GPCR) family is the largest 
family in the human genome and the most widely distributed 
membrane protein receptor in humans. The ovarian cancer 
GPCR 1 (OGR1) subfamily is a family of proton‑sensing 
receptor proteins. The four members of the proton‑activated 
GPCR family, GPCR  1 (OGR1), GPCR  4 (GPR4), T‑cell 
death‑associated gene 8 and GPCR 2A have been also identi-
fied as receptors of some specific lipid molecules, including 
sphingosine phosphoryl choline and lysophosphatidyl 
choline (1‑4).

GPR4 is overexpressed in lung tissues, with lower expres-
sion in the kidney, heart, skeletal muscle and pancreatic 
tissues (5). GPR4 was firstly described as a proton‑sensing 
receptor in 2003 (1); it was found to be involved in a variety 
of biological processes (1), including the inhibition of cell 
apoptosis, the promotion of cell proliferation and metastasis 
by initiating different signaling pathways, and the induction of 
cytosolic cyclic adenosine monophosphate (cAMP) in cells by 
recognizing and accepting protons via its unique extracellular 
histidine residues (6). Additionally, GPR4 plays an important 
role in angiogenesis, and the proangiogenic effect is indepen-
dent of its ligand‑hemolytic phospholipids. In previous studies, 
it was found that GPR4 induced proliferation and migration of 
vascular endothelial cells (ECs), as well as angiogenesis (7). 
Following GPR4‑knockout, vascular ECs had lower survival, 
decreased migration and were unable to form tubular struc-
tures. These effects were reversed when GPR4 gene was 
re‑expressed (8). These findings suggest that GPR4 plays an 
important role in angiogenesis. Furthermore, certain studies 
have demonstrated the ability of GPR4 to induce angiogenesis 
in ovarian cancer and squamous cell carcinoma of the head 
and neck (SCCHN) (9,10). In ovarian cancer, the expression 
level of GPR4 is positively correlated with the microvessel 
density (MVD) of vascular ECs, which is not observed in 
benign ovarian tissues  (10). In SCCHN, GPR4 promotes 
angiogenesis by inducing p38, which mediates secretion of 
vascular endothelial growth factor A, interleukin (IL)‑6 and 
IL‑8 (9). In mice with conditional loss of GPR4 expression, 
the expression level of vascular endothelial growth factor 
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(VEGF) receptor 2 was decreased, with suppressed angiogen-
esis that remained low following re‑expression of VEGF (11). 
Furthermore, GPR4‑deficient embryos and neonates had a 
high perinatal mortality rate (12). Moreover, some GPR4‑null 
embryos and neonates presented with a tendency for spon-
taneous bleeding. In addition, a proportion of subcutaneous 
blood vessels became dilated and tortuous with defective 
vascular smooth muscle cell coverage, potentially resulting in 
impaired vascular stability and abnormal bleeding (12).

Sin  et  al  (13) found that GPR4 was an oncogene that 
was overexpressed in human cancer tissues of the breast, 
ovary, colon, liver and kidney. Mouse NIH3T3 fibroblasts 
transfected with GPR4, resulted in increased survival at low 
serum concentrations (13). Furthermore, the neoplastic trans-
formation of NIH3T3 was found to be successfully induced 
through GPR4 transfection (13). Additionally, a study in a 
nude mouse model also demonstrated the carcinogenic ability 
of GPR4 (11). Wyder et al  (11) reported that breast cancer 
and colon carcinoma growth were significantly inhibited in 
GPR4‑deficient mice. Moreover, cell proliferation, invasion 
and metastatic ability were significantly attenuated in ovarian 
cancer following GPR4‑knockout, suggesting that this gene 
plays a role in regulating proliferation, metastasis and invasion 
of ovarian cancer.

Hepatocellular carcinoma (HCC) is a malignant solid 
tumor enriched with blood vessels, with a unique vascular 
distribution. HCC tumors are mainly supplied by the hepatic 
artery, and the blood supply in the normal liver parenchyma 
is mainly derived from the portal vein and the hepatic 
artery (14,15). Tumors of the liver grow fast and are associ-
ated with a poor prognosis due to the abundant blood supply. 
Thus, angiogenesis is an important therapeutic target in HCC. 
Hematogenous and distant metastases are the major types of 
metastases in HCC. Under the microscope, the blood vessels 
of HCC appear abnormal, mainly arterial and with sinusoidal 
capillaries compared with normal blood vessels (16). Due to 
the high metabolism associated with HCC, the tumor tissue is 
mainly fed by the arterial system. Overgrowth of the artery can 
be part of the non‑invasive diagnostic criteria for HCC (17). 
Hepatic sinusoidal capillarization is another angiogenic 
feature that is commonly found in HCC. Additionally, the 
liver sinusoidal ECs are characterized by decreased hepatic 
sinusoidal fenestration and continuous capillary formation, 
along with collagenization of the sinusoids, laminin deposi-
tion near ECs and hepatocytes, and formation of the basement 
membrane  (18). Certain studies have suggested a role for 
GPCRs in tumorigenesis and the development of HCC (19). 
Aberrant expression of GPCRs, such as C‑X‑C chemokine 
receptor type 7, promotes HCC tumor growth by regulating 
signaling pathways that promote cell migration, metastases 
formation and angiogenesis (20). At present, to the best of 
our knowledge, there are no studies that have investigated the 
association between GPR4 expression and tumor MVD in 
HCC.

As a member of the superfamily of transforming growth 
factor β receptors (21), endoglin/CD105 is a marker of cell 
proliferation in vascular ECs, particularly in the tumor vascu-
lature  (21‑24). In human breast cancer, CD105 and CD34 
antibodies have been used to assess MVD. MVD, quantified 
by CD105, demonstrated an association between the overall 

survival time (OS) of the patient and the expression of 
CD34 (22). The MVD of tumor tissues not only reflects tumor 
blood vessel growth quantitatively, but also acts as an indepen-
dent prognostic factor in some solid tumors (25).

In the present study, CD105 was used to mark blood vessels 
and to determine the MVD. Furthermore, the expression of 
GPR4 and its co‑localization with CD105 was determined in 
HCC tumors. The association between expression levels of 
GPR4 in HCC cells and the clinicopathological characteristics 
of patients with HCC was also investigated.

Materials and methods

Clinical data collection. A total of 47  specimens were 
obtained from The First Affiliated Hospital of Xi'an Jiaotong 
University (Xi'an, Shaanxi, China) between November 2014 
and June 2016. The specimens included 37 cases of HCC 
and 10 cases of non‑HCC (including 6 hepatic hemangioma 
samples and 4 normal liver samples obtained 2‑5 cm away 
from the liver tumor tissue) as controls. In each patient, both 
tumor and adjacent normal liver tissue were obtained. The 
definition of adjacent normal tissue is generally considered 
to be 2‑5 cm away from the tumor. However, in clinical 
practice, the criteria for the diagnosis and radical resection 
of primary HCC indicate that the distance between the liver 
resection margin and the tumor boundary should be >1 cm. 
Thus, the ideal distance for paracancerous tissue was noted 
in a smaller sample number than expected. Therefore, liver 
tissues >2 cm away from the liver tumor and normal liver 
tissues obtained from the resection of the hepatic heman-
gioma were included in the control group (26). All clinical 
data of patients with liver cancer were collected and thor-
oughly analyzed. Tumor staging before chemotherapy and 
radiotherapy was performed according to the 2010 United 
States Cancer Board (American Joint Committee on Cancer) 
system standard (27). Clinicopathological data, including sex, 
age, surgical duration, tumor size, lymph node metastases 
and pathological type, were retrieved from the electronic 
medical records. The 37 patients were aged between 28 and 
81 years, with an average of 55.59±11.14 years. A total of 
8 cases were well‑differentiated carcinomas, 24 cases were 
moderately differentiated carcinomas and 5  cases were 
poorly differentiated carcinomas. The study was approved 
by the Ethics Committee of the First Affiliated Hospital of 
Xi'an Jiaotong University. The median follow‑up time was 
14.5 months and the study endpoint was determined by the 
patient's death. OS time was used as a prognostic indicator.

Hematoxylin‑eosin staining of frozen sections. Tissue 
sections were permeabilized with PBS‑Tween‑20 (Beijing 
Dingguo Changsheng Biotechnology Co., Ltd.) and double 
distilled water. Hematoxylin nuclei were stained at room 
temperature for 3‑5 min, and the nuclei were observed to 
turn blue under the microscope. After that, the hematoxylin 
dyes were removed with double steaming water, followed 
by 1% hydrochloric acid ‑ alcohol separation for 3‑5 sec. 
The slices turned blue following the addition tap water. The 
slides were stained with eosin for 1‑2 min at room tempera-
ture, and the slides were dehydrated and decolorized with 
different concentrations of ethanol (once with 80% ethanol, 
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once with 95% ethanol and twice with anhydrous ethanol) 
at room temperature for 2‑5 min. Finally, xylene perme-
ated the slices and sealed them with neutral gum at room 
temperature.

Immunofluorescence double staining. Rabbit anti‑human 
GPR4 polyclonal antibody (Abcam), mouse anti‑human CD105 
monoclonal antibody (Abcam), goat anti‑rabbit Alexa Fluor 
488 IgG (Jackson ImmunoResearch; https://www.jacksonim-
muno.com/#) and goat anti‑mouse Cy3 IgG (Jackson) were 
used in immunohistochemistry assays. Tissue sections (10 µm 
tissue sections embedded with SAKURA  Tissue‑Tek O.C.T. 
Compound) were fixed in ice cold acetone (‑20˚C) for 10 min 
and permeabilized with PBS‑Tween‑20 (PBST; 0.1%) at room 
temperature. Non‑specific binding sites were blocked with 
blocking buffer (10% goat serum; Zsbio Commerce Store) for 
1 h at room temperature. Incubation was performed with a rabbit 
anti‑human GPR4 polyclonal antibody (catalog no. ab188606; 
1:100) and a mouse anti‑human CD105 monoclonal antibody 
(catalog no. ab14114; 1:100), stored overnight at 4˚C (>16 h), 
followed by four washes with PBST and incubated with goat 
anti‑rabbit Alexa Fluor 488 IgG (ab2338840; 1:100) and goat 
anti‑mouse Cy3  IgG (ab2338000; 1:100). The secondary 
antibody was placed in an opaque wet box for 1 h at room 
temperature for incubation. Sections were observed by laser 
confocal microscopy. PBS was used as a negative control 
instead of the primary antibody. Immunofluorescence staining 
of GPR4 and CD105 expression was detected by confocal laser 
scanning microscopy using 488‑ and 561 nm wavelengths to 
excite green and red fluorescence, respectively.

Laser scanning confocal microscopy. Immunofluorescence 
staining of GPR4 and CD105 expression was detected 
by confocal laser scanning microscopy (TCS‑SP5; Leica 
Microsystems GmbH). Wavelengths of 488 and 561 nm were 
used to excite the green and red fluorescence, respectively. 
The scanning resolution was 1024x1024 pixels. At x200 
magnification, three images were randomly captured for each 
slice. New microvascular ECs (CD105‑labeled) appeared 
green, GPR4‑labeled cells appeared red, and CD105‑ and 
GPR4‑labeled cells appeared yellow.

MVD determination. CD105‑positivity was defined by capil-
laries appearing green upon CD105 staining. These were 
counted based on the Weidner's standard (28,29). MVD was 
observed in fields of x100 magnification in the most vascu-
larized areas, termed hotspots. The average vessel count in 
the three fields at x200 magnification was used as the final 
MVD value. ECs or EC clusters stained green were counted 
as a separate blood vessel. A clear separation was required 
between these vessels. Lumen formation and the presence of 
red blood cells in the cavity were not included.

GPR4 staining observation. GPR4 expression level was 
detected by ImageJ analysis software (verison 2.0; National 
Institutes of Health). The software was used to analyze each 
images of sections captured at x200 magnification in the three 
fields. Parameter settings included a selection of parameters 
commonly used in the literature: Positive area (area), average 
optical density (mean density) and integrated optical density 

(IOD). Image analysis results consisted of the average gray-
scale value: IOD/area (30).

Analysis of co‑expression and co‑localization of GPR4 
and CD105. Image pro‑plus software (version 6.0; Media 
Cybernetics) was used to analyze confocal images, with 
correlation coefficients and overlap coefficients. Pearson's 
correlation coefficients were assigned to colocalization degrees 
used to measure the linear relationship between distance vari-
ables as follows: 0.6‑0.8, Strong correlation; 0.4‑0.6, medium 
correlation; 0.2‑0.4 weak correlation; and 0.0‑0.2 extremely 
weak correlation or no correlation.

Controls. Non‑HCC tissues were collected as the control 
group. According to the protocol from the antibodies obtained 
from Abcam, human lung tissues were used as the GPR4 posi-
tive control, mice brain tissues as the CD105 positive control 
and PBS as the negative control. The tissues were derived from 
surgical excision of lung tissue from a patient that provided 
written informed consent prior to the study, and from labora-
tory mice. The use of the mice was approved by the Ethics 
Committee of the First Affiliated Hospital of Xi'an Jiaotong 
University (Xi'an, China).

Statistical analysis. The statistical analysis was processed with 
the statistical software programs Prism (version 7.0; GraphPad) 
and SPSS (version 18.0; IBM Corp.). Measurement data are 
expressed as the mean ± standard deviation. Statistical compari-
sons of data between two groups were performed with the paired 
or unpaired Student's t‑test; comparisons between different parts 
of the same specimen were performed with the paired Student's 
t‑test. ANOVA was used to compare multiple mean values. LSD, 
S‑N‑K and Tamhane's T2 test was used for the post hoc test 
following ANOVA. Under other conditions, comparisons were 
carried out by non‑parametric analysis. Pearson's correlation 
coefficients were used to assess the linear correlation between 
distant variables. Univariate log‑rank test and Kaplan‑Meier 
survival curve were used for the survival analysis.

Results

Expression of CD105 in HCC and control tissues. Human 
HCC tumors and normal liver tissues were compared 
following hematoxylin staining (Fig. 1A). The tissues were 
stained for CD105 and GPR4 by immunofluorescence double 
staining (Fig. 1B). A low level of CD105 was expressed in 
the control tissues, and was mainly expressed on the cell 
membrane in HCC tumor tissues. Green fluorescent staining 
was strongly scattered in tumor tissues and in the ECs of liver 
tissue within 2 cm of the tumor. These positively stained single 
cell or cell clusters mainly formed four types of shapes: Sinus, 
branching, oval and sprouting. Most of these positively stained 
ECs formed thin and irregular walls without smooth muscle 
tissue. The mean MVD, determined using CD105, of the 37 
liver tumor tissues was significantly higher than that of the 10 
control tissues (P<0.05; mean, 61.51±28.09 and 12.90±11.72, 
respectively; Table I).

Similar to CD105, GPR4 was mainly expressed on the 
cell membrane and exhibited a lumen‑like structure. The 
expression of GPR4 was significantly lower in the control 
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tissues compared with that in the HCC tissues (P<0.05; mean, 
0.0259±0.0041 and 0.0386±0.0125, respectively; Table II).

Correlation between GPR4 and CD105 in HCC and control 
tissues. In control tissues, laser confocal imaging revealed 
very weak and low co‑localized expression of CD105 and 
GPR4. Pearson's correlation analysis revealed no significant 
correlation between CD105 and GPR4 co‑localization (P>0.01; 
r=0.28; Fig. 2C) in control tissues.

Laser confocal imaging revealed that the region with 
high GPR4 expression was consistent with high expression 
of CD105, particularly in the sinusoidal and oval ECs of liver 
tissues <2 cm adjacent to the tumor. Co‑localization of GPR4 
and CD105 was detected as yellow fluorescence. Pearson's 
correlation analysis revealed a positive correlation between 
the expression of CD105 and GPR4 (P<0.01; r=0.666; Fig. 2A). 
The Image‑pro‑plus software was used to analyze three 
representative confocal images (Fig. 2B). The Pearson's corre-
lation coefficients indicated strong correlations calculated 
by the Image‑pro‑plus software (r=0.65, r=0.88 and r=0.62). 
These results corroborated the previous observation, further 
illustrating the association between GPR4 and microvessel 
formation.

Expression of CD105 in the marginal and central areas of 
HCC tissues. The positively stained regions for CD105 were 
found to be scattered in the cancer tissues, particularly in the 

margin of the invasion extension. However, a lower expres-
sion of CD105 was found in the central areas of the neoplastic 
tissues or in areas of necrosis (Fig. 3). The expression of 
CD105 in the tumor edge was significantly higher than that 
in the central area (P<0.05; Table III). This observation could 
be explained by the higher number of new blood vessels in 
the peripheral regions of HCC tissues, with intensive neovas-
cularization.

Expression of GPR4 in the marginal and central areas of HCC 
tissues. The expression of GPR4 in HCC tissues was not signifi-
cantly different between the marginal and central areas (P>0.05; 
Fig. 3; Table IV). This may be due to the hypoxic environment 
in the center of the tumor leading to high GPR4 expression.

Association between CD105 and clinicopathological features. 
MVD, determined by staining for CD105, was compared 
between different clinicopathological factors of patients 
(Table V). This demonstrated that CD105 expression was 
independent of sex, age, tumor differentiation degree, cirrhosis 
and ascites (P>0.05). Conversely, CD105 was associated with 
lymphatic invasion (Fig. 4A), tumor size (Fig. 4B), intravas-
cular tumor thrombus (Fig. 4C) and TNM staging (all P<0.05)

Association between GPR4 and clinicopathological 
features. GPR4 expression was significantly associated with 
tumor size (Fig. 4B) and blood vessel invasion (Fig. 4C) 

Figure 1. Hematoxylin‑eosin staining and expression of GPR4 and CD105 in HCC and control tissues. (A) Hematoxylin‑eosin staining of normal liver tissue 
and HCC tumor tissue. Normal liver cells are radially arranged like a beam, and hepatic sinusoids are visible among the polygonal hepatic cords of the cells. 
Liver cancer cells appear polygonal and nested, with enlarged nuclei, and interstitial fibrosis, visible hyperplasia of small blood vessels and a small proportion of 
inflammatory cell infiltration is present. (B) Expression of GPR4 and CD105 in HCC tumor and control tissues. Immunofluorescence double staining of GPR4 
(red), CD105 (green) and co‑localization of both (yellow) was observed under a confocal laser scanning microscope. CD105 expression was mainly on the cell 
membrane in HCC tissues and was very low in control tissues. Positive expression of GPR4 was mainly observed in the cell membrane, showing a lumen‑like 
structure in HCC tissue and was weakly expressed in control tissues. Magnification x200. GPR4, G‑protein coupled receptor 4; HCC, hepatocellular carcinoma.

Table I. Expression of CD105 in HCC and control tissues.

Pathological group 	 Cases, n	 MVDa	 P‑value	 t

HCC tissues	 37	 61.51±28.09	 <0.05	 8.210
Control tissues	 10	 12.90±11.72

aMean ± standard deviation. MVD, microvessel density; HCC, hepatocellular carcinoma.
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(both P<0.05; Table VI). This may be explained by the high 
nutrient and oxygen requirements to maintain the biological 
activity associated with larger tumors and blood vessel inva-
sion, which leads to induction of angiogenesis and GPR4 
expression.

Association between GPR4 and CD105 expression and the 
prognosis of patients with HCC. Postoperative clinical data 
were retrieved from outpatient medical records or telephone 
calls. Overall, 91.89% of patients successfully completed 
follow‑up, with a median follow‑up time of 14.5  months 
(range, 2‑36 months). The remaining three patients were lost to 
follow up. OS time was calculated as the period from surgery 
until death.

Prognostic significance was investigated by using the 
average GPR4 expression (mean, 0.0386) and MVD‑CD105 
(mean, 61.51) levels as the cut‑offs to divide patients into 
low‑ and high‑CD105/GPR4 groups (Fig. 5). OS time was 
significantly shorter in the high‑CD105/GPR4 group compared 
with that in the low‑CD105/GPR4 group.

Survival analysis with the univariate log‑rank test showed 
that MVD‑CD105 and GPR4 expression affect the prognosis 
of patients with HCC, and this was statistically significant 
(P<0.05). Kaplan‑Meier survival curves suggested that 

increased MVD‑CD105 and GPR4 expression were associated 
with a higher risk of death in HCC.

Discussion

In the present study, MVD (based on CD105‑labeled ECs) 
and GPR4 expression were significantly higher in HCC than 
in control tissues. This suggests the involvement of CD105 
and GPR4 in the neovascularization of HCC, and the GPR4 
role of HCC in angiogenesis. Previous studies have shown that 
traditional vascular markers, such as CD31, are expressed in 
both small and large blood vessels, and that CD105 is weakly 
expressed in blood vessels of non‑cancerous tissues  (24). 
CD105 is highly expressed in blood vessel ECs both within 
and surrounding the tumor (23,24). CD105 is mainly expressed 
during neovascularization, particularly in the ECs of immature 
tumor vasculature, and is believed to inhibit tumor angiogenesis. 
This makes it an ideal therapeutic target in cancer (24,31,32). 
Certain previous studies compared CD105‑labeled MVD with 
CD31‑labeled tumor MVD and concluded that CD105‑labeled 
MVD was a risk factor for tumor progression compared with 
CD31 [P=0.020; hazard ratio, 1.873; 95% confidence interval, 
1.102‑3.184) (33). Moreover, CD105‑labeled MVD in tumor 
tissue was associated with tumor progression and prognosis, as 

Figure 2. Association between GPR4 expression and MVD‑CD105. (A) Scatter plot of GPR4 expression versus MVD‑CD105 for correlation analysis in HCC 
tumor tissues. This is a linear graph of the correlation. (B) Image‑pro‑plus correlation analysis of GPR4 (red) and CD105 (green) co‑localization (yellow). 
Pearson's correlation coefficients determined by software analysis are as follows: 1, r=0.65; 2, r=0.88; 3, r=0.62. Magnification x200. (C) Scatter plot of GPR4 
expression versus MVD-CD105 for correlation analysis in control tissues (Pearson's correlation coefficients: r=0.28, P>0.01). GPR4, G‑protein coupled receptor 
4; MVD, microvessel density.

Table II. Expression of GPR4 in HCC and control tissues.

Pathological group	 Cases, n	 Fluorescence intensitya	 P‑value	 t

HCC tissues	 37	 0.0386±0.0125	 <0.05	 5.210
Control tissues	 10	 0.0259±0.0041

aMean ± standard deviation. HCC, hepatocellular carcinoma.
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established in several solid tumor studies (32‑37), such as pros-
tate cancer, primary hepatocellular carcinomas, non‑small cell 
lung cancer, rectal cancer and oral squamous cell carcinoma. 
Therefore, CD105 may be more representative and sensitive 
as a tumor vascular marker compared with a pan‑vascular 
marker in predicting tumor prognosis. Therefore, the expres-
sion and clinical significance of CD105 in microvessels may 
be more sensitive than that of CD31 or CD34. Honda et al (14) 
reported that neovascularization density was increased in 
liver cancer, which was consistent the result from previous 
studies (23,24,31,32).

A significant and positive correlation was demonstrated 
between GPR4 expression level and MVD in the present study. 
The localization of high GPR4 expression was consistent with 
the CD105 expression hotspot in tissues of hepatic sinusoidal 
and oval ECs <2 cm adjacent to the tumor. GPR4 was highly 
expressed in liver tumor tissues, not only in marginal region. 
Moreover, the expression of GPR4 was co‑localized with 
CD105, which demonstrates the presence of neovasculariza-
tion‑associated ECs. Therefore, the high expression of GPR4 
in the endothelium of neovascularization may be involved in 
tumor angiogenensis. A review of the relevant literature found 
no studies on the expression of GPR4 in liver tumor tissues 
and blood vessels. In the present study, the expression of GPR4 
in liver tumor tissues and blood vessels was preliminarily 
detected. Initially, immunofluorescence histochemical study 
was conducted on frozen sections. IHC and co‑staining with 

classical markers for tumor angiogenesis was conducted for 
a detailed morphological study on the paraffin sections of 
tumors. GPR4 expression was observed in the microvessels 
of the tumors, indicating its involvement in the microvessel 
angiogenesis in HCC. Furthermore, the findings also indicated 
the potential of GPR4 and CD105 as therapeutic targets, and 
as effective and sensitive markers of tumors in HCC. Certain 
studies have demonstrated the role of GPR4 in the process of 
angiogenesis. Jing et al (9) revealed the promotion of angio-
genesis by GPR4 in head and neck cancer, and Ren et al (10) 
reported that the overexpression of GPR4 may be required for 
angiogenesis in epithelial ovarian carcinomas. The expression 
of VEGFR2 and the angiogenic response to VEGF was found 
to be decreased in GPR4‑deficient mice (11). Certain studies 
reported a high perinatal mortality rate and a spontaneous 
bleeding tendency in embryos and neonates that lacked GPR4 
expression (12). Additionally, it was observed that a propor-
tion of subcutaneous blood vessels that were covered with 
defective vascular smooth muscle cells became dilated and 
tortuous, resulting in impaired vascular stability and abnormal 
bleeding (12).

Angiogenesis may be associated with the proton‑sensor 
function of GPR4. The angiogenesis effect is stimulated, and 
proton concentration is increased in hypoxic or ischemic 
tissues (38‑41). Subsequently, GPR4 senses a change in pH and 
induces angiogenesis; the histidine on the GPR4 protein can 
sense the change in the extracellular pH. At acidic pH levels, 

Figure 3. Expression of GPR4 and CD105 in marginal and central regions of HCC tumor tissues. Immunofluorescence double staining of GPR4 (red) and 
CD105 (green) was observed under laser confocal microscopy in marginal areas and central areas of HCC tissue. Magnification x200. GPR4, G‑protein 
coupled receptor 4; MVD, microvessel density; HCC, hepatocellular carcinoma.

Table III. Expression of CD105 in HCC.

Region	 Cases, n	 MVDa	 P‑value	 t

Central part of HCC tissues	 37	 44.49±19.95	 <0.05	 6.863
Marginal part of HCC tissues	 37	 61.51±28.09

aMean ± standard deviation. MVD, microvessel density; HCC, hepatocellular carcinoma.
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activated GPR4 can stimulate the adenylate cyclase to produce 
a large amount of cyclic AMP, with cAMP subsequently 
activating the downstream pathway of protein kinase A and 
cyclic adenylate response element binding to the protein. 
Ultimately, this process activates the transcription of certain 
genes, including those coding for angiogenic factors such as 
VEGF, among others (42,43). Therefore, the role of GPR4 in 
angiogenesis may be due to the function of its H+ receptors. 
In an extracorporeal aortic ring experiment, microvessel 

products of GPR4‑deficient adult mice were less dependent 
on the pH of the culture medium compared with wild‑type 
mice (44). Moreover, the ischemic and hypoxic conditions 
of the tumor microenvironment activates GPR4 and thereby 
promotes angiogenesis. Another study with ECs demonstrated 
that GPR4 promotes angiogenesis via the regulation of C/EBP 
homologous protein (CHOP) in an acidic environment (45). 
Although these studies have shown that GPR4 promotes angio-
genesis, the role of GPR4 in liver cancer was not investigated.

Table V. Association between expression of CD105 in hepatocellular carcinoma tumor tissues and clinicopathological features.

Clinicopathological features	 Cases, n	 MVDa	 P‑value	 t/F

Age, years			   0.110	 1.641
  <60	 23	 67.00±29.63		
  ≥60	 14	 52.50±23.62		
Sex			   0.604	‑ 0.532
  Male	 30	 60.53±29.65		
  Female	 7	 65.71±21.41		
Tumor size, cm			   <0.01	 3.975
  <5	 19	 46.47±17.34		
  ≥5	 18	 77.39±28.85		
Differentiated degree			   0.857	 0.155
  High	 8	 56.75±22.96		
  Middle	 24	 63.25±31.20		
  Poor	 5	 60.80±22.742		
Lymph node metastasis			   <0.01	‑ 6.861
  No	 35	 59.69±27.78		
  Yes	 2	 93.50±2.12		
Ascites			   0.197	‑ 1.337
  No	 26	 57.58±27.97		
  Yes	 11	 70.82±27.36		
Cirrhosis of the liver			   0.517	 0.671
  No	 8	 67.88±30.97		
  Yes	 29	 59.76±27.56		
Intravascular tumor thrombus			   <0.01	‑ 4.530
  No	 28	 52.50±24.14		
  Yes	 9	 89.56±20.37		
TNM staging			   0.003	‑ 3.258
  I‑II	 21	 49.62±22.70		
  III‑IV	 16	 77.13±27.35

aMean ± standard deviation. MVD, microvessel density; TNM, Tumor‑Node‑Metastasis.

Table IV. Expression of GPR4 in HCC.

Region	 Cases, n	 Fluorescence intensitya	 P‑value	 t

Central part of HCC tissues	 37	 0.0375±0.0114	 0.350	‑ 0.947
Marginal part of HCC tissues	 37	 0.0386±0.0125

aMean ± standard deviation. HCC, hepatocellular carcinoma.
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In the present study, GPR4 expression was observed in 
liver tumor tissues. Previous studies have also shown the 
expression of GPR4 in a number of tumor tissues, including 
high expression in HCC (11,13), suggesting its association 
with tumorigenesis. The study by Sin et al (13) indicated that 
GPR4 is an oncogene and that it was overexpressed in human 
cancer tissues, including those of the breast, ovary, colon, 
liver and kidney. It was also shown that the ectopic overex-
pression of GPR4 led to oncogenic transformation of NIH3T3 
fibroblasts. Although the effect of pH was not assessed 
in the study, GPR4 was shown to have tumor‑promoting 
activity (13). Furthermore, high expression of GPR4 in hepa-
toma cells indicated its role in the development of HCC in the 
present study. In the present study, GPR4 expression was also 
found to be associated with the clinicopathological features 
of HCC patients, indicating the involvement of GPR4 in 
angiogenesis, tumor growth and the development of HCC. 
Dong et al (46) observed that the inhibition of cell apoptosis 
led to decreased expression of CHOP by GPR4, following 
hypoxia/reoxygenation treatment in human umbilical vein 
ECs. Moreover, the inhibition of GPR4 resulted in decreased 
renal injury following ischemia‑reperfusion and inhibition 
of cell apoptosis through the suppression of CHOP expres-
sion  (46) Therefore, GPR4 has potential as a diagnostic 
marker for the diagnosis of liver cancer, and as a therapeutic 
target in HCC. However, further studies are required.

Another finding from the present study was that CD105 
expression was closely associated with tumor size, lymph 
node metastasis, intravascular tumor thrombus and TNM 
staging in the patients with HCC, highlighting its potential as 
a marker of vascular EC proliferation. It is highly relevant to 
determine novel targets of antiangiogenesis and CD105 may 

be a prognostic factor for patients with HCC. The association 
between increased neovascularization and clinical character-
istics in patients with HCC indicated the highly vascularized 
nature of this malignancy and the part played by angiogenesis. 
Thus, uncovering the mechanisms underlying angiogenesis in 
HCC may provide effective and sensitive markers for HCC 
diagnosis and a specific target for antiangiogenic therapy.

In the present study, differences in mean CD105 values 
were found between the tumor edge and central area. However, 
no such difference was observed with GPR4 expression. 
Furthermore, a higher number of new blood vessels was 
observed in the peripheral region of HCC tissues, where the 
proliferation of ECs was more active. Intensive neovascular-
ization elicits hypoxic conditions, inducing the expression of 
CD105 predominantly in the tumor marginal edge (47). On 
the other hand, no significant differences in GPR4 expression 
were observed between the tumor edge and the tumor center 
in the present study. It is acknowledged that an extracellular 
acidic environment induces the expression of GPR4 (12). The 
hypoxic environment in the central tumor area may lead to 
high GPR4 expression, leading to an absence of differences in 
GPR4 expression between the neovascular‑rich edge compared 
with the central area of the tumor. GPR4 has dual effects of 
tumor promotion and inhibition, depending on the cell type 
and biological background. In the present study, GPR4 expres-
sion was affected by different clinicopathological factors, 
although the potential impact of sample differences should 
also be considered.

Analysis of survival curves showed shorter survival times 
in patients with liver cancer exhibiting high GPR4 and CD105 
expression levels. Notably, the expression levels of CD105 
and GPR4 were consistent with the prognostic trend of these 

Figure 4. Immunofluorescence double staining of GPR4 and CD105. Immunofluorescence double staining of GPR4 (red) and CD105 (green) was observed 
under confocal laser scanning microscopy in (A) HCC with versus without lymph node metastases, in (B) HCC of small versus large tumor size and in 
(C) tumors with versus without vascular tumor thrombus. Magnification x200. GPR4, G‑protein coupled receptor 4; MVD, microvessel density; HCC, 
hepatocellular carcinoma.
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patients. This suggests the potential value of using CD105 and 
GPR4 as predictive markers of prognosis in cancer patients, 
and this is worth pursuing in further investigations.

Previous studies have implicated GPR4 in two main 
processes, which were corroborated in the present study. On one 
hand, GPR4 is involved in angiogenesis in ovarian cancer (10). 

Table VI. Association between expression of GPR4 in hepatocellular carcinoma tumor tissues and clinicopathological features.

Clinicopathological features	 Cases, n	 Fluorescence intensitya	 P‑value	 t/F

Age, years			   0.184	 1.357
  <60	 23	 0.0406±0.0137
  ≥60	 14	 0.0353±0.0099
Sex			   0.051	 2.073
  Male	 30	 0.0399±0.0133
  Female	 7	 0.0330±0.0062
Tumor size, cm			   <0.01	 4.349
  <5	 19	 0.0314±0.0064
  ≥5	 18	 0.0462±0.01302
Differentiated degree			   0.520	 0.667
  High	 8	 0.0428±0.0039
  Middle	 24	 0.0370±0.0027
  Poor	 5	 0.0398±0.0049
Lymph node metastasis			   0.223	‑ 1.850
  No	 35	 0.0382±0.0127
  Yes	 2	 0.0462±0.0053
Ascites			   0.286	‑ 1.103
  No	 26	 0.0371±0.0119
  Yes	 11	 0.0423±0.0138
Cirrhosis of the liver			   0.596	‑ 0.543
  No	 8	 0.0367±0.0105
  Yes	 29	 0.0392±0.0131
Intravascular tumor thrombus			   <0.01	‑ 4.457
  No	 28	 0.0349±0.0114
  Yes	 9	 0.0502±0.008
TNM staging			   <0.01	‑ 4.820
  I‑II	 21	 0.0318±0.0094
  III‑IV	 16	 0.0476±0.0102

aMean ± standard deviation. MVD, microvessel density; TNM, Tumor‑Node‑Metastasis.

Figure 5. OS times of patients with different CD105/GPR4 expression levels. OS survival time in patients with low or high expression of (A) CD105 (MVD) 
and (B) GPR4. GPR4, G‑protein coupled receptor 4; MVD, microvessel density; OS, overall survival.
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On the other hand, it is an oncogene associated with tumor 
progression (13). However, it is worth mentioning that the present 
study was the first to suggest a role for GPR4 in liver cancer, as, 
to the best of our knowledge, previous studies have not investi-
gated GPR4 in this type of tumor. The present study was the first 
to investigate the association between GPR4 and MVD in liver 
tumor tissues, as well as the association between GPR4 and the 
clinicopathological features of patients with liver cancer.

Due to the limited number of specimens collected, the 
association between GPR4 and tumor angiogenesis needs to 
be validated and further studied. Western blot analysis will 
be carried out in future studies to further assess the expres-
sion levels of the proteins investigated in the present study. 
Furthermore, future studies should focus on the effect of inhib-
iting and promoting angiogenesis in vitro on GPR4 expression.

Several therapeutic options are available for HCC, including 
surgical resection, chemotherapy, radiofrequency ablation, 
transarterial chemoperfusion, selective internal radiation 
therapy, transarterial chemoembolization, percutaneous ethanol 
instillation, monoclonal antibody therapy and liver transplanta-
tion (48‑54). Tumor vascular‑targeting therapy has been widely 
considered in medical research. The rich vascularity of HCC 
suggests the inhibition of angiogenesis as a therapeutic target 
in this tumor and indicates that antiangiogenic therapy may be 
a relevant option for advanced HCC. Angiogenesis in HCC is 
regulated by both proangiogenic and antiangiogenic factors. 
Proangiogenic factors include VEGF, matrix metalloproteases, 
angiopoietin‑2 and basic fibroblast growth factor, and angio-
genesis inhibitors include tissue inhibitor of metalloproteinases 
1, angiostatin, endostatin and thrombospondin (55‑58) Some 
inflammatory molecules, such as signal transducer and activator 
of transcription 3, nuclear factor‑κB, tumor necrosis factor‑α 
and interleukin‑8, also have potential roles in liver cancer angio-
genesis (56‑59). Antiangiogenesis therapy of HCC has been 
gradually diversified, with VEGF inhibitors, tyrosinase receptor 
inhibitors and drugs that directly inhibit ECs. The targeted drug 
sorafenib has been widely recognized as a first‑line treatment 
with good clinical efficacy. However, inhibitors of angiogenesis 
do not completely inhibit or suppress liver cancer angiogen-
esis (59). The investigation of the various mechanisms of HCC 
angiogenesis, both at the molecular and genetic levels, is hence 
highly recommended.

Overall, the results from the present study allow the conclu-
sion that both CD105 and GPR4 are positively expressed in 
benign and malignant liver tissues. Compared with control 
tissues, tumor tissues exhibited high CD105 and GPR4 expres-
sion. There was a strong positive correlation between the 
average fluorescence intensities of GPR4 and CD105 (MVD). 
GPR4 and CD105 were co‑localized in the vascular endothe-
lium of cancer tissues. GPR4 was preferentially expressed 
in the margin compared with the central area of the tumors, 
suggesting its expression in HCC tumor microvessels and its 
potential implication in HCC angiogenesis and development. 
These results indicated the therapeutic relevance of investi-
gating novel antiangiogenic targets. The association between 
the expression of GPR4 and the clinicopathological features 
of patients with HCC further indicated its role in angiogenesis, 
growth and the prognosis of patients with HCC. The mecha-
nism underlying the role of GPR4 in HCC angiogenesis will be 
further investigated in future studies.
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