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Abstract
Purpose: This study aimed to explore the expression of the C-type lectin domain family 4 member G
(CLEC4G) gene in the liver sinusoidal endothelial cells (LSECs) during liver pathogenesis, and to evaluate
its correlation with CD34 and clinical signi�cance in hepatocellular carcinoma patients.

Methods: We conducted bioinformatics analysis of the differential expression of CLEC4G in in various
human organs, carcinomatous and adjacent tissues. Then, the differential expression in carcinomatous
and adjacent tissues was veri�ed by real-time quantitative reverse transcription PCR (qRT-PCR) and
immunohistochemical (IHC) analyses in clinical HCC samples. The expression of CLEC4G in normal liver
tissues and cirrhotic tissues was further detected. Besides, mRNA and protein expression levels of CD34
in HCC samples were detected via qRT-PCR and IHC, respectively. ELISA was applied to detect serum
levels of CLEC4G in healthy controls, liver �brosis and HCC patients. The correlation between the CLEC4G
and CD34 expression was analyzed using the Spearman test, whereas the Chi-square test was applied to
analyze the correlation between CLEC4G and clinicopathological characteristics of HCC patients.
Furthermore, the Kaplan-Meier method was used to estimate the relationship between CLEC4G serum
levels and survival.

Results: The expressions of mRNA and protein levels of CLEC4G were higher in normal liver tissues,
moderately expressed in cirrhotic and para-cancerous tissues (P<0.001), and lowest in HCC tissues
(P<0.001). We also found high CD34 expression in late tumors, which was negatively correlated with
CLEC4G at both mRNA and protein levels (R=-0.830, P<0.001; R=-0.817, P<0.001, respectively). Compared
to the healthy controls, the CLEC4G levels in liver �brosis patients, and HCC patients were gradually lower
(P<0.001). Furthermore, CLEC4G was highly associated with tumor size (P=0.023), tumor stage
(P=0.046), and vascular metastasis (P=0.008; Table 1) in HCC patients. Notably, HCC patients expressing
low CLEC4G levels were characterized by a shorter survival time (P=0.032).

Conclusions: The low expression of CLEC4G is potentially correlated with LSEC capillarization and the
appearance of micro-vessels. Such a phenomenon may exert an endogenous protective effect against
the progression of liver disease and serve as a reliable diagnostic marker for hepatocellular carcinoma.

Introduction
Hepatic tumors are one of the most common tumor diseases worldwide and the leading cause of cancer
death. According to reports, chronic liver disease and cirrhosis are the main risk factors for liver cancer,
while chronic hepatitis transpires to precancerous lesions, causing hepatocellular carcinoma, a gradual
multi-step process of carcinogenesis involving a series of gene expression and pathological structural
changes(1). Numerous studies have been geared towards elucidating the potential association between
cirrhosis, precancerous lesions, and hepatocellular carcinoma (HCC), attempting to evaluate the features
and diagnostic points of precancerous lesions, and ultimately provide references for early clinical
detection of precancerous lesions and HCC. According to existing reports, increased loss of chromosome
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heterozygosity, decreased length of telomerase, small cell dysplasia, and morphological changes in liver
sinusoidal endothelial cells (LSECs) are suggestive of hepatic dysplasia and carcinogenesis(2–4). Notably,
LSEC capillarization, a crucial morphological change, may provide a satisfactory potential differential
diagnosis between highly dysplastic nodules and HCC. It is therefore promising to serve as an important
link in the process of liver disease(5).

During LSECs capillarization, the liver is damaged by various acute or chronic stimuli. The sinusoidal
endothelial cells lose their fenestrations to form an organized subcutaneous basement membrane, from
which many liver diseases originate(6). LSECs capillarization is associated with the regulation of non-
alcoholic fatty liver disease, alcoholic fatty liver disease, liver �brosis, hepatocellular carcinoma, and
other liver pathological processes, which are particularly critical to the occurrence and progression of liver
diseases(7, 8). Currently, the mechanism of LSECs capillarization remains elusive, but it is clear that
hepatic sinus capillarization is related to several down- or up-regulated genes, such as lyve-1, CD32b,
stabilin-2 down-regulated and endothelin-1, CD31, CD34 up-regulated(9–11). Therefore, it is of great
signi�cance to explore genes that show expression changes during LSECs capillarization, which can
provide research insights into the occurrence and progression of liver diseases.

Here, we reported that CLEC4G was abundantly expressed in LSECs, whereas analysis of the TCGA
database demonstrated that the expression of CLEC4G was signi�cantly down-regulated in liver cancer
tissues. Accordingly, we deduced that CLEC4G may be a crucial molecule associated with the occurrence
of liver diseases induced by LSECs capillarization. Therefore, our interest was to establish the expression
changes of CLEC4G in liver diseases, and to explore whether it is correlated with CD34, clinical-
pathological characteristics, and survival in HCC patients.

Materials And Methods

Bioinformatics analysis
The hepatocellular carcinoma data set (ENSG00000182566) was retrieved from the TCGA database in
Genomic Data Commons of the National Center for Biotechnology Information (NCBI). For bioinformatics
analysis, we used RNA sequencing data of CLEC4G obtained from 100 non-tumor liver tissues and 100
HCC cancer tissues.

Clinical samples and data
We acquired a set of archived samples including 40 pairs of primary and corresponding adjacent
nontumoral liver tissues, 10 normal liver tissues, 10 cirrhosis tissues from the Zhuzhou Central Hospital
since 2016. Blood specimens from 30 healthy controls, 30 Chronic HBV patients, 30 Cirrhosis patients,
and 40 HCC patients were collected in 2020. Detailed clinical data of HCC patients were recorded. The
research protocol conformed to the Clinical Trial Ethics Committee of Zhuzhou Central Hospital with the
ethical approval no (2019) ethics approval no (03004). All subjects gave and signed informed consent to
the study.
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RNA extraction and real-time qPCR
Total tissue RNA was extracted using TRIzol Reagent (Invitrogen) followed by the synthesis of cDNA from
1mg of total RNA using an iScript cDNA Synthesis kit (Bio-Rad). Relative gene expression levels were
evaluated using FastStart Universal SYBR Green Master Mix (Roche Diagnostics) with GAPDH mRNA as
an endogenous control. Values represented the mean ± the SDs of three independent experiments. The
expression values of target genes were calculated via the 2−△△Ct method. We used the following primers
pairs: CLEC4G, forward, 5’- ACAGTCCTTTGGGCTGTGAT-3’, reverse, 5’-TTTGTCCTCAGCAGGTCGT-3’;
CD34, forward, 5’-ATGTAAGTAATAAATGTCCAGACAGAACA-3’, reverse, 5’-
TAAGTAATGTCAACAGAATGATCAGAACA-3’; GAPDH, forward, 5’- GGAGCGAGATCCCTCCAA AAT-3’,
reverse, 5’-GGCTGTTGTCATACTTCTCATGG-3’.

Immunohistochemistry and staining score
Para�n-embedded sections were applied to immunohistochemical analysis. To retrieve the antigen,
tissue sections were depara�nized, rehydrated, as well as heated in the pressure cooker with sodium
citrate buffer (10 mmol/L, pH 6.0). The slides were then incubated with primary antibodies, anti-CLEC4G;
1:200, #181196 (Abcam) and anti-CD34; 1:100 #ZA-0550 (Zsbio). Diaminobenzidine (DAB; Dako)
staining was used to detect immunoreactivity. Hematoxylin was used as a counterstain.
Immunohistochemical scores were evaluated according to the positive rate (PR) and staining intensity
(SI) based on the Yu method(12).

Enzyme-linked immunosorbent assay (ELISA)
Serum levels of CLEC4G in healthy controls, chronic HBV patients, cirrhosis patients, and HCC patients
were assessed using CLEC4G ELISA kits (Catalog no. JL48366, Jianglai Industrial Limited By Share Ltd,
Shanghai, China) according to the manufacturer’s instructions.

Statistical analysis
Data were expressed as mean ± SD. We applied the Student’s t-test to compare the CLEC4G expression
levels in normal liver tissues, cirrhosis tissues, nontumoral liver tissues, and HCC tissues, and to compare
serum CLEC4G expression in healthy controls, chronic HBV patients, cirrhosis patients, and HCC patients.
Correlations between CLEC4G and individual clinicopathologic parameters were evaluated via the
Nonparametric χ2 test, whereas correlations between the expression of CLEC4G and CD34 were evaluated
using the Spearman’s rank-order test. The Kaplan–Meier method was adopted to estimate survival rates
for CLEC4G expression. Equivalences of the survival curves were tested using log-rank statistics. All
statistical analyses were performed using SPSS 25.0 software (IBM Corporation).

Results
Bioinformatics analysis of CLEC4G expression in liver and liver cancer tissues.



Page 5/17

First, we analyzed the protein levels of CLEC4G in various human organs (Fig. 1A). The results showed
that CLEC4G was most abundant in liver. Further, the mRNA expression of CLEC4G in HCC patients was
subjected to bioinformatics analysis in TCGA database. Both heat maps (Fig. 1B) and box plots (Fig. 1C)
revealed signi�cantly down-regulated expression of CLEC4G in HCC tissues.

CLEC4G mRNA and protein expression levels in the
evolution of liver pathogenesis
The expression of CLEC4G in HCC patients was further con�rmed by real-time quantitative PCR and
immunohistochemistry in clinical HCC specimens, and the expression of CLEC4G in normal liver tissues
and cirrhotic tissues was also detected. The PCR results showed that, compared to normal liver tissues,
the expression of CLEC4G was gradually lower in cirrhosis and para cancer tissues, as well as HCC
tissues. (Fig. 2A). IHC was applied to evaluate the expression and distribution of CLEC4G in the set same
subjects as in Fig. 2A. According to the analysis of IHC results, the expression of CLEC4G was higher in
normal liver tissues and lower in cirrhosis and para cancerous tissues; however, it was lowest in liver
cancer tissues (Fig. 2B). This trend was also con�rmed by immunohistochemical staining scores
(Fig. 2C).

Serum CLEC4G levels in healthy controls, liver �brosis patients, and HCC patients.

We detected serum CLEC4G levels in healthy controls, liver �brosis patients, and HCC patients through
ELISA. The serum levels of CLEC4G in healthy controls (median: 479.4 pg/ml) were signi�cantly lower
compared to that in liver �brosis patients (median: 379.8 pg/ml), and HCC patients (median: 342.5
pg/ml). Thus, we implicated CLEC4G as a potential marker in liver pathogenesis (Fig. 3A). Furthermore,
ROC curve and AUC analysis were also performed. The AUC of CLEC4G to distinguish liver �brosis
patients from healthy controls was 0.911 (Fig. 3B), and the AUC to distinguish HCC patients from healthy
controls was 0.966 (Fig. 3C). In addition, CLEC4G also had an AUC of 0.693 to distinguish HCC patients
from liver �brosis patients (Fig. 3D). The details of ROC curve and AUC analysis were shown in Fig. 3E.

Relationship between CLEC4G and survival rate and clinicopathologic features in HCC patients.

Furthermore, we explored the relationship between CLEC4G and survival rates of HCC patients. First,
bioinformatics analysis revealed that patients with low CLEC4G expression levels had signi�cantly
shorter 5-year survival rates (Fig. 4A) and disease-free survival (Fig. 4B) than those with high CLEC4G
expression. In clinical HCC samples, the Kaplan–Meier analysis also revealed that patients with low
CLEC4G expression levels in tissues had signi�cantly shorter 5-year survival rates (P = 0.023) (Fig. 4C)
and disease-free survival (P = 0.038) (Fig. 4D) than those with high CLEC4G expression. Notably, CLEC4G
levels were highly associated with tumor size(P = 0.023), tumor stage(P = 0.046), and vascular
metastasis(P = 0.008) in HCC patients (Table 1).
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Table 1
Correlative analysis of CLEC4G levels with clinicopathologic features.

Clinicopathologic parameters Number of specimens CLEC4G levels P-value

    Low High  

Age (mean ± SD)   52.6 ± 14.6 54.1 ± 12.3 .681

Sex        

Male 28 18 10 .722

Female 12 7 5  

a-fetoprotein (AFP)        

≤ 40 ng/mL 18 9 9 .140

> 40 ng/mL 22 16 6  

Hepatitis B virus        

Negative 12 6 6 .285

Positive 28 19 9  

Tumor size        

≤ 3 15 6 9 .023

> 3 25 19 6  

Tumor number        

1 26 16 10 .864

≥ 2 14 9 5  

Grade        

I II 18 12 6 .622

III IV 22 13 9  

Stage        

I 16 7 9 .046

II III 24 18 6  

Vascular invasion        

No 16 6 10 .008

Yes 24 19 5  



Page 7/17

CLEC4G is negatively correlated with CD34 in HCC tumor
tissues
CD34 is a highly speci�c and sensitive marker of vascular endothelial cells, which successively increased
in the evolution of liver pathogenesis(13). Interestingly, we found that mRNA (Fig. 5A) and protein (Fig. 5B)
levels between CLEC4G and CD34 exhibited a negative correlation (R=-0.830, P < 0.001; R=-0.817, P < 
0.001, respectively). Co-expression of CLEC4G and CD34 in the same tissues showed an inverse
correlation; that is, lower CLEC4G expression implied higher CD34 expression and vice versa (Fig. 5C).

Discussion
Although numerous pieces of research are diverting their focus on tumor cell processes, such as
proliferation and invasion, the tumor microenvironment also plays a crucial role before or during tumor
progression and metastasis(14–16). In the liver, LSECs are the primary non-parenchymal cells, which exert
crucial effects in the pathological process of the liver and the regulation of the occurrence and
progression of liver diseases(17, 18). Several research groups have explored the mechanisms underlying
LSEC differentiation and loss of fenestrae (9, 19, 20). However, reports on underlying mechanisms of LSEC
capillarization should be further elucidated. In the present study, we focused on the expression of
CLEC4G in the LSECs membrane, which critically mediates immune-conditioning and viral infection (21, 22)

The results strongly demonstrated that CLEC4G is largely expressed in normal liver tissues, but is
signi�cantly reduced with the occurrence and progression of liver diseases. Thus, there is speculation
that CLEC4G may be an important molecule for the maintenance of normal physiological function of
LSECs. Also, it potentially contributes to the capillarization process of LSECs. Moreover, we found that, as
the disease progressed to liver cancer, the expression of CLEC4G protein was signi�cantly minimal,
particularly in the central portion of the tumor. Thus, with the aggravation of the liver disease, the
capillarization of LSECs is more aggravated and CLEC4G levels are subsequently reduced.

Angiogenesis, an integral part of the tumor progression(23) also signi�cantly plays a role in liver chronic
in�ammation(24). CD34 and vascular endothelial growth factor (VEGF) are well-known mediators for
angiogenesis in chronic liver disease(25, 26). Herein, we revealed that CD34 had a high positive rate for
38/40 (95.0%) in hepatocellular carcinoma patients, which concurred with a previous report(27).
Interestingly, the expressions of CLEC4G and CD34 exhibited signi�cant negative correlation both at the
mRNA and protein levels in the same specimen. Also, based on these �ndings, it is evident that low
expression of CLEC4G is associated with elevated expression of CD34, which induces angiogenesis in
tumor progression.

To our knowledge, we were the �rst to report the expression changes of CLEC4G in the progression of liver
disease and the potential role of CLEC4G in angiogenesis. However, owing to the limitations of
experimental conditions, we could not comprehensively explore the speci�c mechanism of CLEC4G
associated with the progression of liver diseases and angiogenesis. Further elucidation of the clinical
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signi�cance of CLEC4G in patients with liver cancer revealed that low CLE4CG expression was associated
with increased tumor size, tumor stage, and vascular invasion. HCC patients expressing low CLE4CG
levels showed a signi�cant correlation with poor overall survival rate. These clinical �ndings implied that
the lower the expression of CLEC4G was linked to higher malignancy. Collectively, CLE4CG potentially
exerts an endogenous protective effect against the progression of liver disease. Thus, the present
�ndings are valuable for the elucidating the mechanism of LSEC capillarization and may provide a
research basis for the occurrence and progression of liver diseases.

Conclusions
The present study demonstrated that CLEC4G is involved in the process of LSEC capillarization. Notably,
the expression of CLEC4G exhibited a gradual reducing trend in the malignant process of liver disease
and was rarely expressed in hepatocellular carcinoma tissues, which was contrary to the expression of
CD34. Thus, CLEC4G is a promising marker for pathological diagnosis of hepatocellular carcinoma.
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LSECs

liver sinusoidal endothelial cells
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real-time quantitative reverse transcription PCR
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VEGF

vascular endothelial growth factor
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positive rate
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Figure 1

Bioinformatics analysis of CLEC4G expression in liver and liver cancer. (A) CLEC4G protein levels in
various human organs was obtained from The Human Protein Atlas. (B and C) Heat maps and box plots
obtained following bioinformatics analysis in the TCGA database.
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Figure 2

Real-time PCR and immunohistochemistry evaluate CLEC4G expression in the evolution of liver
pathogenesis. (A) Real-time PCR analysis of CLEC4G mRNA levels in 10 normal liver tissues, 10 cirrhosis
tissues, 40 paired HCC tissues, and adjacent nontumoral tissues. GAPDH mRNA expression served as an
internal control. aP<0.001; bP<0.001; cP<0.001; dP<0.001; eP<0.001. (B) Immunohistochemical
examination of the CLEC4G protein levels in the same set as described in A. The positive rate (PR) of
immunostaining and staining intensity (SI), were performed by two independent pathologists.
Comparison of the expression level (PR+SI) of each group was analyzed by the Kruskal-Wallis test. ***:
P<0.001.
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Figure 3

Serum CLEC4G levels in healthy controls, liver �brosis patients, and HCC patients. (A) Serum levels of
CLEC4G in 30 healthy controls, 30 liver �brosis patients, and 40 HCC patients based on ELISA. ***,
P<0.001; **, P<0.001. (B) ROC curve of distinguishing liver �brosis patients from healthy controls. (C) ROC
curve of distinguishing HCC patients from healthy controls. (D) ROC curve of distinguishing HCC patients
from liver �brosis patients. (E) The detailed information for ROC curve and AUC analysis.
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Figure 4

Relationship between CLEC4G and survival rate and clinicopathologic features in HCC patients. (A)
Relationship between CLEC4G expression levels and 5-year survival rates though Kaplan-Meier Plotter
website analysis. (B) Relationship between CLEC4G expression levels and disease-free survival though
Kaplan-Meier Plotter website analysis. (C) Kaplan–Meier analysis of 5-year survival rates in 40 HCC
patients based on CLEC4G expression. (D) Kaplan–Meier analysis of disease-free survival rates in 40
HCC patients based on CLEC4G expression.
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Figure 5

Correlation of CLEC4G with CD34 in HCC tumor tissues. (A) Spearman test analysis of mRNA correlation
between CLEC4G and CD34. (B) Spearman’s rank-order test analysis of protein correlation between
CLEC4G and CD34. (C) IHC evaluation of the co-expression of CLEC4G and CD34.
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