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Abstract: Angiogenesis is important during the progression of hepatocellular carcinoma (HCC). In murine models, 
activated hepatic stellate cells (HSCs) are reported to be capable of promoting tumor angiogenesis. The effect of 
activated HSCs on angiogenesis in human HCC is not clear. Here, we elucidated the correlation between activated 
HSCs and angiogenesis in human HCC. We analyzed the activated HSCs in HCC samples and the correlation with 
patients’ clinicopathologic features and tumor angiogenesis using immunohistochemical methods. We found that 
activated HSCs are mainly located in the blood sinus of HCC. The density of activated HSCs and microvessels was 
higher when the HCC was poorly differentiated or developed from liver cirrhosis. There was a positive correlation 
between the density of activated HSCs and microvessel density in HCC. In conclusion, Activated HSCs existed in 
human HCC stroma, the density of which was positively correlated with tumor microvessel density, indicating that 
activated HSCs participate in promoting angiogenesis in HCC.
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Introduction

Hepatocellular carcinoma (HCC) is a common 
and fatal malignant cancer with high mortality. 
There is high rate of recurrence and metastasis 
in patients with HCC even after radical surgery 
[1, 2]. HCC is rich in blood supply and angiogen-
esis is critical for the tumor growth and inva-
sion [3, 4]. The current treatments for blocking 
angiogenesis in HCC, such as Sorafenib, are 
not satisfactorily effective [5, 6]; it is important 
to discover new targets for suppressing the 
angiogenesis in HCC.

Activated hepatic stellate cells (HSCs) are rec-
ognized to be critical during the development of 
liver cirrhosis [7]. Recent studies also report 
that activated HSCs exist in hepatic tumors and 
contribute to tumor initiation and progression 
[8-10]. During the development of hepatic por-
tal hypertension, activated HSCs are responsi-
ble for remodeling the liver blood sinus to 
increase the blood resistance [11]. In hepatic 
metastases and murine xenograft models of 
HCC, activated HSCs are recognized to play a 

role in promoting tumor angiogenesis [10, 12, 
13]. In human HCC, the effect of activated 
HSCs on angiogenesis is not well understood.

Based on these observations, we speculated 
that there might be a correlation between acti-
vated HSCs and angiogenesis in human HCC. In 
the present study, we analyzed the activated 
HSCs in human HCC samples and the correla-
tion with patients’ clinicopathologic features 
and tumor angiogenesis. Our results revealed 
that activated HSCs might promote angiogene-
sis in HCC.

Materials and methods

Hepatocellular carcinoma samples

After institutional review board approval, HCC 
samples were collected from 30 patients with 
HCC, who had received a hepatectomy in Sun 
Yat-sen University from January to May in 2015. 
All patients recruited were (1) pathologically 
proved HCC and (2) not receiving adjuvant treat-
ments before surgery, such as TACE, chemo-
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therapy or radiotherapy. All samples were sepa-
rated into tumor tissue and corresponding 
peritumoral tissue. All tissues were paraffin-
embedded and sectioned onto slides for patho-
logic analysis.

Clinicopathologic data collection

The histological grade of HCC differentiation 
was determined using the Edmondson grading 
system. The pathologic features of all cases, 

Figure 1. Representative images for immunohistochemical evaluation of activated HSCs in HCC tumor sections 
(Original Magnification A: 10× and B: 40×) and peritumoral tissue sections (D: Original Magnification 10×). For acti-
vated HSCs, areas of fibrous septa and capsules are not examined (C: Original Magnification 40×). Arrows indicate 
representative cells.

Figure 2. Representative images for immunohistochemical study on VECs in HCC tumor tissue (Original Magnifica-
tion A: 10× and B: 40×). Arrows indicate representative cells.
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such as tumor size, differentiation grade and 
peritumoral pathologic condition, were review- 
ed and determined by two pathologists who 
were blinded to information from the original 
pathology reports. The patients’ clinical infor-
mation, including sex, age, serum AFP level and 
hepatitis infection was also collected.

Immunohistochemical analysis

Mouse anti-human α-smooth muscle actin 
(α-SMA) and CD34 monoclonal antibodies (San- 
ta Cruz, Dallas, Texas, USA) were used to detect 
activated HSCs and vascular endothelial cells 
(VECs) separately in HCC. Sections were depar-
affinized, hydrated and washed. After neutral-
ization of endogenous peroxidase and antigen 
retrieval using a microwave oven, the slides 
were pre-incubated with blocking serum and 
then incubated with primary antibodies over-
night. Subsequently, the sections were serially 

rinsed, incubated with secondary antibodies 
and treated with horseradish peroxidase-conju-
gated streptavidin. Reaction products were 
developed with 3, 3’-diaminobenzidine solution 
and counterstained with hematoxylin. The den-
sity of activated HSCs and microvessel density 
(MVD) in HCC stroma were determined at high 
magnification by 2 independent observers. 

Statistics

All results were expressed as the mean ± SE. 
Statistical analysis was performed using the 
SPSS statistical software for Microsoft Win- 
dows, version 15.0 (Professional Statistic, Chi- 
cago, IL, USA). A two-tailed paired Student’s 
t-test and ANOVA were used for comparison of 
variables. Bivariate correlation analysis was 
used for analyzing the correlation between the 
density of activated HSCs and microvessel den-
sity in HCC. The criterion for significance was 
P<0.05 for all comparisons.

Table 1. Correlations between the density of 
activated HSCs in HCC and patients’ clinicopath-
ologic features

Variable n HSCs 
density F P

Gender
    Male 16 10.2±1.3 0.513
    Female 4 11.1±1.4
Age (y)
    >50 10 10.7±1.3 0.417
    ≤50 10 9.4±1.2
Tumor size (cm)
    >5 8 11.1±1.4 0.623
    ≤5 12 10.7±1.3
AFP (ng/ml)
    >400 6 11.8±1. 3 0.553
    ≤400 14 9.3±1.2

Hepatitis

    HBV 18 10.2±1.3 0.549

    HCV 2 11.3±1.3
HCC differentiation
    Well 2 6.3±0.9
    Moderately 6 8.2±1.1
    Poorly 12 12.1±1.4 5.93 0.013
Peritumoral pathology
    Liver cirrhosis 12 12.0±1.4 0.024
    Chronic hepatitis 8 7.8±0.9
AFP, α-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C 
virus; HCC, hepatocellular carcinoma.

Table 2. Correlations between the MVD in HCC 
and patients’ clinicopathologic features
Variable n MVD F P
Gender
    Male 16 5.0±0.6 0.545
    emale 4 6.1±0.7
Age (y)
    >50 10 5.4±0.6 0.517
    ≤50 10 5.1±0.6
Tumor size (cm)
    >5 8 8.3±0.9 0.015
    ≤5 12 3.2±0.4
AFP (ng/ml)
    >400 6 5.9±0.7 0.587
    ≤400 14 5.0±0.6
Hepatitis
    HBV 18 5.3±0.6 0.56
    HCV 2 4.8±0.5
HCC differentiation
    Well 2 3.9±0.4 6.78 0.035
    Moderately 6 4.0±0.4
    Poorly 2 6.1±0.7
Peritumoral pathology
    Liver cirrhosis 12 6.3±0.7 0.012
    Chronic hepatitis 8 3.6±0.4
MVD, microvessel density; AFP, α-fetoprotein; HBV, hepa-
titis B virus; HCV, hepatitis C virus; HCC, hepatocellular 
carcinoma.
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Results

Immunohistochemical characteristics

Activated HSCs and VECs in 30 human HCC 
samples were quantified using computer-assi- 
sted image analysis as described in Materials 
and Methods. CD34 positive VECs were locat-
ed in the blood sinus and inner wall of large 
vessels in HCC. In the peritumoral tissue, 
α-SMA expressing activated HSCs existed in 
the liver blood sinus. We found that activated 
HSCs were mainly located around the blood 
sinus in HCC stroma. Representative images by 
independent observers are shown in Figures 1 
and 2.

Correlation between the densities of activated 
hepatic stellate cells and clinicopathologic 
features 

As shown in Table 1, there was no correlation 
between the tumoral density of activated HSCs 
and patients’ gender, age, tumor size, serum 
AFP level and hepatitis virus infection (HBV or 
HCV). We found that the density of activated 
HSCs was higher in the poorly differentiated 
HCC stroma. In particular, HCC that developed 
from liver cirrhosis was prone to have a higher 
density of activated HSCs in the stroma.

Correlation between the microvessel density 
and clinicopathologic features

As described in Table 2, tumors of a larger size 
(>5 cm) are prone to having higher MVD. Similar 
to the activated HSCs density, the tumoral MVD 
was higher when the HCC was poorly differenti-
ated or the peritumoral hepatic tissue showed 

patients. The results showed that they were sig-
nificantly positively correlated and that the cor-
relation coefficient was as high as 0.92 (Figure 
3). As the density of activated HSCs in HCC 
stroma increased, the tumoral MVD also elevat-
ed; indicating that angiogenesis was strongly 
associated with the amount of activated HSCs 
in HCC stroma.

Discussion

The data from this study demonstrate that acti-
vated HSCs exist in the human HCC stroma. 
Activated HSCs were located mainly in the HCC 
blood sinus and were spatially near the VECs. 
We also found that the density of activated 
HSCs was higher in poorly differentiated HCC or 
in cases with cirrhotic peritumoral liver tissue. 
The same conclusion was drawn when we ana-
lyzed the microvessel density in HCC. Finally, 
we analyzed the correlation between the den-
sity of activated HSCs and microvessels in HCC 
stroma. The results showed that they were sig-
nificantly positively correlated. Our study indi-
cates that activated HSCs in HCC stroma may 
originate in the peritumoral liver tissue and are 
associated with the angiogenesis in HCC. In the 
future, in vitro studies and HCC animal models 
are needed to prove this hypothesis.

Because of lacking bio-markers, it is difficult to 
identify activated HSCs from cancer associated 
fibroblasts (CAFs) in HCC. The main source of 
CAFs in HCC is recognized to be activated 
HSCs, but the clear derivation is still under 
study [14, 15]. In this study, we found that the 
density of activated HSCs was high in HCC stro-
ma when the tumor developed from liver cirrho-
sis. Activated HSCs are proven to be more 

Figure 3. Correlation analysis of the density of activated HSCs and MVD in 
HCC.

cirrhotic changes. There was 
no correlation between the 
tumoral MVD and the patient’s 
gender, age, serum AFP level 
or hepatitis virus infection 
(HBV or HCV).

Correlation between the 
density of activated hepatic 
stellate cells and microves-
sel density in hepatocellular 
carcinoma stroma

Next, we analyzed the correla-
tion between the density of 
activated HSCs and MVD in 
the HCC stroma of all 30 
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numerous in cirrhotic than in normal liver tissue 
[16, 17]. We hypothesize that activated HSCs 
may be derived from the peritumoral liver tis-
sue. Peritumoral activated HSCs may be attr- 
acted to the tumor stroma in response to para-
crine factors secreted by HCC cells. Further- 
more, effective markers for distinguishing acti-
vated HSCs from CAFs in HCC are needed and 
good animal models will identify the presence 
and role of activated HSCs in HCC stroma. 

Tumor progression requires formation of blood 
vessels [3] and poorly differentiated HCC is 
prone to be proliferative and invasive [18]. We 
found that microvessel density was higher in 
the poorly differentiated HCC tissue, indicating 
that tumor progression requires thriving angio-
genesis. The density of activated HSCs was 
also higher in the poorly differentiated HCC. 
These results indicate that thriving angiogene-
sis maybe the result of a high density of acti-
vated HSCs in poorly differentiated HCC. Next, 
we analyzed the correlation between the den-
sity of activated HSCs and microvessel density 
in all 30 HCC samples. The results showed that 
they were significantly positively correlated, 
and thus, the activated stromal HSCs may pro-
mote angiogenesis in HCC.

To summarize, our results demonstrated that 
activated HSCs were an important component 
of the HCC stroma and may be derived from the 
peritumoral liver tissue. Activated HSCs were 
associated with angiogenesis in HCC. Consi- 
dering the current unsatisfactory anti-angio-
genic treatment for HCC, our findings suggest a 
new potential therapeutic approach of target-
ing activated HSCs to effectively block angio-
genesis and prevent the development of HCC.
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