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Abstract 
Objective: Our aim was to identify potential correlations between activated hepatic stellate cells (HSCs) and immune system’s cells in 
patients with viral C hepatocellular carcinoma, by quantifying the percentage of activated HSCs, T-lymphocytes, natural killer cells and  
B-lymphocytes, in three distinct regions: tumor, transition area and the vicinity tissue (2–5 mm). Patients and Methods: We prospectively 
included 20 samples prelevated at necropsy from patients with HCC and C viral infection. We assessed the percentage of alpha-smooth 
muscle actin (α-SMA), CD45RO, NK1 and CD20 expression using immunohistochemistry and a semi-quantitative scoring method. Results: 
We found an inverse correlation between the number of α-SMA-positive HSCs and the number of NK1-positive cells in tumor (p=0.0007), 
in the transition area/tumor capsule (p=0.024) and in the vicinity tissue (p=0.038). Regarding T-lymphocytes, we have also identified an 
inverse correlation with the number of α-SMA-positive HSCs in tumor (p=0.0036), in the transition area/tumor capsule (p=0.034) and in the 
vicinity tissue (p=0.047). We found no correlation between the number of activated HSCs and the number of CD20-positive cells in all three 
examined areas. Conclusions: The analysis of HSCs activity within specified areas of tumoral liver tissue may lead to new perspectives in 
early diagnosis of relapses and in the development of future neoadjuvant therapies. 

Keywords: hepatocellular carcinoma, hepatic stellate cells, alpha-smooth muscle actin, immune system cells, immunohisto-
chemical assessment. 

 Introduction 

According to World Health Organization (WHO), C 
viral hepatitis represents a major affection, with a global 
incidence of 3% [1], in Romania its prevalence being 
3.5% within the adult population [2]. An average of 20% 
to 30% of all patients infected with hepatitis C virus will 
progress towards liver cirrhosis, with an annual rate of 
3% to 5% developing hepatocellular carcinoma (HCC). 
Thus, we scan predict that, in a 10 years period, around 
a third of all patients with C viral liver cirrhosis will 
acquire HCC. 

Liver fibrosis and cirrhosis emerge because of liver 
aggression generated by the hepatitic C virus. The increa-
sed extracellular matrix (ECM) production and accumu-
lation is the main feature of chronic liver disease. Within 
the injured hepatic tissue, activated hepatic stellate cells 
(HSCs) are the principal collagen producing cells. Follo-
wing hepatic injury, quiescent HSCs activate and trans-
differentiate into myofibroblast-like proliferative, fibro-
genic and contractile cells [3–6]. 

WHO states that 600 000 new HCC cases are diag-
nosed every year, this value constantly increasing in both 
Europe and United States of America. Worldwide, HCC is 
the third cause of mortality and morbidity due to malign 

diseases [7], being the fifth most common type of cancer 
in men and seventh in women [8]. HCC remains a disease 
with a highly lethal prognosis, despite recent treatment 
strategies like chemotherapy and tyrosine kinase inhibitor 
drugs, hepatic resection and liver transplantation [8, 9]. 
Viral hepatic cirrhosis is a major risk factor in the deve-
lopment of HCC. Carcinogenesis is favored, on one hand, 
by the chronic inflammation of the liver, due to a non-
specific and ineffective activation of the immune system 
[10, 11] and, on the other hand, by the interactions between 
tumor cells and the surrounding microenvironment [9]. 

Liver carcinogenesis is initiated by the combined effect 
of a series of growth factors synthesized by activated 
HSCs. These cells, by amplifying the activity of signaling 
pathways mediated by nuclear factor kappaB (NF-kB) and 
extracellular signal-regulated kinase (ERK), intervene in 
HCC progression, on one hand by stimulating tumoral 
cells proliferation and, on the other hand, by inhibiting 
their apoptosis [12]. Several inflammatory cytokines are 
secreted into the tumor microenvironment by HCC cells 
and the infiltrating immune cells, which can influence 
tumor progression and impair immune system’s anti-
tumor response [13–15]. Previous in vitro and in vivo 
studies have demonstrated that HSCs may be activated by 
malignant cells. Following their activation, they become 
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involved through growth factors in the development of 
intratumoral and peritumoral HCC stroma, thus contri-
buting to HCC progression and its increased aggressi-
veness [16, 17]. 

Several previous immunohistochemical studies have 
reported an increased number of activated HSCs in tumoral 
sinusoids, fibrous septae, as well as in tumor capsule 
[17]. Recent studies have emphasized the major role 
played by activated HSCs in inhibiting hepatic immune 
response, as well as in stimulating neoangiogenesis in 
patients with chronic viral infection [18, 19]. 

Aim 

The aim of this study was to identify potential corre-
lations between activated HSCs and immune system’s 
cells in patients with viral C HCC. We have done this by 
quantifying the percentage of activated HSCs, T-lympho-
cytes, natural killer cells and B-lymphocytes, immuno-
stained with specific markers, in three distinct regions: 
tumor, transition area or tumor capsule (for encapsulated 
tumors), and the vicinity tissue (2–5 mm). 

 Materials and Methods 

Study group 

In order to assess the number of activated HSCs, T-
lymphocytes, B-lymphocytes and natural killer cells in 
patients with HCC and C viral infection, we conducted  
a two-year prospective study, between 2010–2012, on 
samples prelevated at necropsy from 20 patients, all 
previously under investigation within the 1st Medical 
Clinic, Emergency County Hospital, Craiova, Romania, 
with ages varying between 39 and 78 years. HCC diagnosis 
was defined based on increased seric value of alpha-feto-
protein, corroborated with imagistic diagnosis following 
contrast enhanced abdominal ultrasound and computer 
tomography. Viral C etiology was previously established 
in these patients by detecting the presence of HCV anti-
bodies in their serum. We have obtained the consent to 
prelevate samples from all patients included in this study. 
All necessary approvals were obtained from the Hospital 
Ethical Commission. 

HCC diagnosis was confirmed based on histopatho-
logical assessment performed in the Laboratory of 
Histological, Histopathological and Immunohistochemical 
Techniques within the Research Centre for Microscopic 
Morphology and Immunology, University of Medicine 
and Pharmacy of Craiova. 

Histopathology and immunohistochemistry 

Histopathological study was performed on hepatic 
tissue samples obtained after necropsy, which were 
prelevated, formalin fixed and paraffin embedded. The 
assessment of histopathological aspects was conducted 
by an experienced pathologist (M.C.), according to the 
work protocol used in the Laboratory of Histological, 
Histopathological and Immunohistochemical Techniques 
within the Research Centre for Microscopic Morphology 
and Immunology, University of Medicine and Pharmacy 
of Craiova [20]. 

Quiescent HSCs contain cytoplasmic lipid droplets; 
after activation, they lose their droplets and form multiple 

microfilaments mainly consisting in alpha-smooth muscle 
actin (α-SMA). Several studies recommend α-SMA as a 
trustworthy marker in immunostaining activated HSCs 
[21–23]. 

In order to evaluate the number of activated HSCs 
from the tumoral tissue prelevated during necropsy, slices 
cut from paraffin blocks that were previously used for 
histological evaluation, were subsequently displayed on 
glass slides pre-treated with poly-L-Lysine for immuno-
histochemical staining. The primary antibody was the 
HHF35 clone, anti-human mouse, diluted 1:200, an anti-
α-SMA antibody, and the second antibody was IgG horse 
anti-mouse, diluted 1:500. The immunostaining obtained 
with the help of DAB (3,3’-diaminobenzidine) chromogen 
was counterstained with Hematoxylin, and emphasized at 
cytoplasmic and membranar levels. The antibodies and 
clones used for B-lymphocytes (CD20), T-lymphocytes 
(CD45RO) and natural killer cells (NK1) immunostaining 
are summarized in Table 1. 

Table 1 – Antibodies, clones and dilutions used for 
immunohistochemical analysis 

Antibody Clone Dilution Manufacturer

α-SMA HHF35 1:200 DAKO 

CD20 L26 1:100 DAKO 

CD45RO UCHL1 1:100 DAKO 

NK1 NK1 1:50 DAKO 

In order to evaluate the number of activated HSCs, 
B-lymphocytes, T-lymphocytes and natural killer cells, 
we used a semi-quantitative method that determined the 
percentage of immunostained cells from specific regions: 
tumor, transition area/tumor capsule, and the vicinity tissue 
(2–5 mm). The percentage of immunostained cells was 
categorized as following: absent, up to 3% (marked as 0); 
slight, 3–33% (marked as 1); moderate, 34–66% (marked 
as 2); severe, more than 66% (marked as 3) (Table 2). 

Table 2 – Protocol of semi-quantitative assessment  
of hepatic stellate cells immunostained with α-SMA, 
CD45RO, NK1 and CD20, in studied areas 

Percentage of cells immunostained 
with α-SMA, CD45RO, NK1 and CD20Areas 

<3% 3–33% 34–66% >66% 

Tumor 

Transition area/tumor 
capsule 

Vicinity tissue  
(2–5 mm) 

Absent Slight Moderate Severe 

Glass slides were examined with a Nikon Eclipse E200 
microscope, with 10×, 20×, and 40× magnification 
objectives. Most relevant images were captured using  
a Nikon DS-Fi1 digital camera and the LUCIA NET 
software application version 1.16.5. 

Statistical analysis was performed using XLSTAT 
suite for Microsoft Excel. The correlations between the 
number of α-SMA immunostained HSCs from all three 
studied regions (tumor, transition area/tumor capsule, and 
the vicinity tissue) with the number of CD45RO-positive 
T-lymphocytes, CD20-positive B-lymphocytes and NK1-
positive natural killer cells, were assessed using Kendal 
correlation test with a p-value <0.05 considered statisti-
cally significant. 
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 Results 

Our study group consisted of 20 patients: 14 males and 
six females (gender ratio M/F = 2.33/1), with a mean 
age of 64.95±9.89. 

Histopathological aspects 

The macroscopic examination revealed that three 
patients had encapsulated tumors, while the rest had non-
encapsulated tumors. 

In most patients, we found nodular HCC, characterized 
by the presence of several nodules, some with regular 
form, others with irregular aspect, having various sizes, 
disseminated within the entire hepatic parenchyma, and 
which compressed the surrounding tissue. For the three 
patients with encapsulated HCC, the tumor was well 
delimited from the surrounding parenchyma, having 
several small sized satellite nodules. 

The microscopic examination of the sections revealed 
three histological types of HCC: well, moderately, and 
poorly differentiated. 

In the well-differentiated HCC, we found, within the 
same tumor, trabecular and acinar (pseudo glandular) 
varieties. The trabecular form of HCC was characterized 
by a proliferation of malign hepatocytes, which formed 
irregular anastomotic plaques, often separated by poorly 
distinguished sinusoids, covered in flat cells similar to 
Kupffer cells. Trabeculae resembled those in the normal 
adult liver, but often presented a thickened aspect, being 
composed by several cellular layers. We have noticed few 
collagen fibers, with an adjacent disposition to sinusoids 
walls. Malign hepatocytes had polygonal shapes, with an 
abundant, slightly granular cytoplasm, which presented 
less eosinophilic staining than normal hepatocytes. Their 
nuclei were large and hyperchromatic, with prominent 
nucleoli (Figures 1 and 2). 

A characteristic of HCC, regardless of its type, is 
represented by the bile synthesis. In the acinar form of 
HCC, we have encountered structures that had a glandular 
aspect. They consisted of layers of malign hepatocytes 
that surrounded the lumen of a bile canaliculus, which 
contained a concentrated bile secretion. The tubular or 
pseudopapillary aspect resulted after degeneration and 
cytolysis, or following the formation of cystic spaces in 
an otherwise solid trabecula. Compared to trabecular form 
of HCC, cells specific to acinar form are cylindrical and 
more elongated. 

In the moderately differentiated HCC, we have found 
solid, scirrhous and with clear cells types. The solid 
type was characterized by small cells, with considerably 
varying shapes. Occasionally, we have also encountered 
pleomorphic multinucleated giant cells. The tumor deve-
lops in solid formations or in cellular groups. There is a 
reduced bile secretion, and diminished connective tissue. 
Large tumors frequently had ischemic central necrosis 
(Figure 3). 

The scirrhous type was defined by malign hepatocytes 
that proliferated as narrow fascicules, surrounded by 
abundant fibrous stromae. Occasionally, we have noticed 
duct-like structures. For most tumoral formations, the 
neoplasic cells presented a hepatocyte-like aspect. 

For the clear cells type, observed malign hepatocytes 
displayed a predominantly clear cells’ appearance. It is 
known that tumors frequently have clear cells areas, due 
to an increased content of glycogen or, in some cases, of 
lipids. 

For poorly differentiated HCC, the examined cells 
had pleomorphic aspects, with different shapes and sizes, 
as well as significant variations of nuclei. We have 
identified a large number of giant cells with particular 
aspects, with fusiform shapes, similar to sarcoma cells 
(Figures 4 and 5). 

In all HCC types, we have noticed globular hyaline 
structures that reflected the presence of alpha-fetoprotein, 
alpha1-antitripsin or other proteins, occasionally finding 
hyaline Mallory bodies. 

After the histological examination of all samples 
prelevated from patients included in our study group, 
we have noticed the following distribution, according to 
the degree of tumor differentiation: nine patients had 
poorly differentiated HCC, five patients presented mode-
rately differentiated HCC, and six patients well differ-
entiated HCC. Among patients with poorly differentiated 
HCC, there were three patients with encapsulated tumors. 

Immunohistochemical aspects 

The semi-quantitative analysis of HSCs, natural killer 
cells, as well as B- and T-lymphocytes, from the three 
examined regions (tumor, transition area/tumor capsule, 
and the vicinity tissue), revealed different results. 

In the tumor, α-SMA immunostaining was moderate 
and severe for most patients (Figures 6 and 7). The semi-
quantitative analysis of T-lymphocytes immunostained 
with CD45RO was predominantly slight and moderate 
(Figure 8). For natural killer cells, NK1 immunostaining 
was especially slight and absent (Figure 9). 

The semi-quantitative analysis of B-lymphocytes 
indicated a predominantly slight immunostaining with 
CD20 in most patients (Figure 10). We have summarized 
the results in Table 3, and the corresponding chart in 
Figure 11. 

Table 3 – Assessment of α-SMA, CD45RO, NK1 and 
CD20 immunostained cells in the tumor 

Tumor 
Antibodies

<3% 3–33% 34–66% >66% 

α-SMA 0 4 9 7 

CD45RO 2 10 8 0 

NK1 5 12 3 0 

CD20 6 14 0 0 

In the transition area (tumor capsule for the three 
patients with encapsulated HCC), we have noticed a severe 
immunostaining of α-SMA-positive HSCs in most patients, 
including those with encapsulated tumors (Figure 12). The 
immunostaining with CD45RO, CD20 and NK1 was 
mostly slight for all three types of studied lymphocytes: 
T (Figure 13), natural killer (Figure 14), and B (Figure 15). 
The results of our semi-quantitative analysis are presented 
in Table 4 and Figure 16. 
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Table 4 – Assessment of α-SMA, CD45RO, NK1 and 
CD20 immunostained cells in the transition area 
(tumor capsule) 

Transition area (tumor capsule) 
Antibodies 

<3% 3–33% 34–66% >66% 

α-SMA 0 2 6 12 

CD45RO 3 14 3 0 

NK1 8 10 2 0 

CD20 4 11 5 0 

In the vicinity tissue (2–5 mm), the semi-quantitative 
analysis of immunostained HSCs was moderate and slight, 
in an even distribution (Figure 17). The immunostaining 
of T-lymphocytes and natural killer cells was moderate 
in the majority of patients (Figures 18 and 19). The 

assessment of CD20 immunostained cells was predo-
minantly slight (Figure 20). The results of immuno-
histochemical analysis were centralized in Table 5, and 
graphically illustrated in Figure 21. 

Table 5 – Assessment of α-SMA, CD45RO, NK1 and 
CD20 immunostained cells in the vicinity tissue (2–
5 mm) 

Vicinity tissue (2–5 mm) 
Antibodies

<3% 3–33% 34–66% >66% 

Α-SMA 0 10 10 0 

CD45RO 2 3 10 5 

NK1 0 8 10 2 

CD20 1 12 7 0 

 

 

Figure 1 – Well-differentiated microtrabecular hepato-
cellular carcinoma, with formed pseudorosettes resulted 
following bile canaliculae dilation, surrounded by hepa-
tocytes; biliar thrombosis is also noticed. Dilaated sinusoids 
are present intratrabecular. HE staining, ×200. 

Figure 2 – Hepatocellular carcinoma with an acinar 
growth pattern, tumoral cells display pseudorosette aspect 
in some areas. Some tumoral cells contain lipidic deposits 
(steatosis). We can notice tumor emboli and inflamma-
tory infiltrate. Tumoral nodules are surrounded by layers 
of fibrocollagenous tissue. HE staining, ×100. 

 

Figure 3 – Moderately differentiated hepatocellular car-
cinoma. HE staining, ×100. 

Figure 4 – Solid poorly differentiated hepatocellular car-
cinoma; hepatic architecture is modified, lacking portal 
spaces. We can notice polygonal tumor cells, with un-
specificity and mitosis, with a reduced collagen stroma 
delimiting tumoral cells formations. HE staining, ×100. 
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Figure 5 – Anaplastic poorly differentiated macrotra-
becular hepatocellular carcinoma, with giant multi-
nucleate tumoral cells, with cerebriform nuclei and 
numerous unspecificities and mitosis, with macrovesi-
cular steatosis, desmoplastic stroma with dilated vessels, 
which create a focal aspect of peliosis. HE staining, ×100. 

Figure 6 – Hepatocellular carcinoma, α-SMA present 
in hepatic stellate cells from tumoral stroma. IHC for 
α-SMA, ×100. 

 

Figure 7 – Hepatocellular carcinoma, α-SMA present 
in hepatic stellate cells from tumoral stroma. IHC for 
α-SMA, ×20. 

Figure 8 – T-lymphocytes diffusely distributed in the 
tumor. IHC for CD45RO, ×40. 

 

Figure 9 – Intratumoral groups of natural killer cells. 
IHC for NK1, ×100. 

Figure 10 – Rare B-lymphocytes located inside the tumor. 
Moderate immunostaining in the transition area and in 
the vicinity tissue. IHC for CD20, ×40. 
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Figure 11 – Graphical representation of α-SMA, CD45RO, 
NK1 and CD20 immunostained cells in the tumor. 

Figure 12 – Hepatocellular carcinoma, α-SMA present 
in hepatic stellate cells from tumoral stroma and tran-
sition area. IHC for α-SMA, ×100. 

 

Figure 13 – T-lymphocytes diffusely distributed in the 
tumor and in the transition area, and numerous in the 
vicinity tissue. IHC for CD45RO, ×100. 

Figure 14 – Groups of natural killer cells present inside 
the tumor and in the transition area. IHC for NK1, ×40. 

 

Figure 15 – Groups of B-lymphocytes with a nodular 
disposition in the vicinity tissue. Rare B-lymphocytes in 
the transition area and absent inside the tumor. IHC 
for CD20, ×40. 

Figure 16 – Graphical representation of α-SMA, CD45RO, 
NK1 and CD20 immunostained cells in the transition 
area (tumoral capsule). 
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Figure 17 – Encapsulated tumor, α-SMA present in 
hepatic stellate cells from tumoral stroma, transition 
area and vicinity tissue. IHC for α-SMA, ×100. 

Figure 18 – T-lymphocytes diffusely distributed in the 
tumor and in the transition area, and numerous in the 
vicinity tissue. IHC for CD45RO, ×100. 

 

Figure 19 – Groups of natural killer cells present inside 
the tumor and in the transition area, more abundant in 
the vicinity tissue. IHC for NK1, ×20. 

Figure 20 – Groups of B-lymphocytes with a nodular 
disposition in the vicinity tissue. Rare B-lymphocytes in 
the tumor and transition area. IHC for CD20, ×20. 

 

 
Figure 21 – Graphical representation of α-SMA, CD45RO, 
NK1 and CD20 immunostained cells in the vicinity tissue 
(2–5 mm). 

Statistical analysis 

The statistical analysis in tumor revealed an inverse 

correlation between the number of α-SMA-positive HSCs 
and the number of CD45RO-positive cells (p=0.0036) 
and NK1-positive cells (p=0.0007). 

We have found no correlation between the number 
of activated HSCs and the number of CD20-positive 
cells. 

In the transition area/tumor capsule, we have found 
an inverse correlation between the number of activated 
HSCs and the number of natural killer cells (p=0.024) 
and T-lymphocytes (p=0.034). There was no correlation 
between the number of activated HSCs and the number 
of B-lymphocytes. 

The statistical analysis in the vicinity tissue (2–5 mm) 
indicated an inverse correlation between the number of 
activated HSCs and the number of natural killer cells 
(p=0.038) and T-lymphocytes (p=0.047). We have found 
no correlation between the number of activated HSCs 
and the number of B-lymphocytes present in the vicinity 
tissue. 

Our results are summarized in Table 6. 
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Table 6 – Overview of all statistic correlations we have identified in the present study 

Tumor Transition area (tumor capsule) Vicinity tissue (2–5 mm) 

α-SMA immunostained HSCs α-SMA immunostained HSCs α-SMA immunostained HSCs Antibodies 

P P P 

CD45RO (UCHL1) 0.0036 0.0345 0.0473 

NK1 0.0007 0.0247 0.0388 

CD20 (L26) 0.1682 0.2031 0.8760 
 

 Discussion 

Our results confirm the higher prevalence of HCC in 
men compared to women and its development mainly in 
the sixth decade of life [8]. 

Because of hepatic injury, lymphocytes migrate to 
Disse space, where they interact with activated HSCs 
[24]. Natural killer and Kupffer cells situated in the liver 
initially release γ-Interferon and interleukins, leading to 
an increase of TNF-α concentration. These cytokines 
interfere with the synthesis of cellular adhesion molecules 
of the sinusoid endothelial cells, which allows recruitment 
and sinusoidal transmigration of inflammatory cells, pre-
ceding hepatocytary apoptosis [25]. Previous studies have 
reported that increased serum levels of IL-6 are associated 
with a more severe prognosis for HCC patients, while 
high intratumoral overexpression of IL-8 was correlated 
with an amplified frequency of invasion and metastasis 
[13, 26–28]. 

There is a direct interaction, through adhesion, between 
activated HSCs and lymphocytes populations that infiltrate 
the sub-endothelial space [29]. 

HSCs activation begins in the portal spaces, with a 
subsequent expansion along the fibrous septae, pheno-
menon followed by the recruitment, in the same direction, 
of lymphocytes populations. Hepatic inflammation is 
initiated by hepatic cells apoptosis and recruitment of 
extrahepatic inflammatory cells [30]. Although leukocytes 
reach the liver through portal tracts, sinusoids and centri-
lobular vein, the distribution of inflammatory infiltrate 
depends especially upon the histopathological localization 
of the lesion. The inflammatory infiltrate may contain 
T-lymphocytes with a tendency to peripheral distribution, 
B-lymphocytes with a mainly central distribution, plas-
matic cells, histiocytes, eosinophils, neutrophils, macro-
phages, natural killer cells and mast cells. Following 
liver injury, perisinusoidal HSCs and interstitial fibro-
blasts are activated both playing a major role in the 
formation of fibrous septae [31]. 

Previous studies have reported that T-lymphocytes 
intervene in fibrosis mediation, while natural killer cells 
generate an antifibrotic effect [24]. 

T-lymphocytes response inhibition by the intratumoral 
activated HSCs contribute to HCC’s invasion and metas-
tasis. Vinas et al. demonstrated a new role played by 
HSCs as intrahepatic specialized antigen-presenting cells 
that activate and stimulate T-lymphocytes proliferation, 
also triggering a series of specific responses from T-
lymphocytes that concern proteic and lipid antigens [32]. 
Based on an in vitro study, Xia et al. reported that tumoral 
HSCs induce activated T-lymphocytes apoptosis, thus 
contributing to HCC’s invasion and metastasis [33]. 
Tumoral HSCs are characterized by specific structural 
changes, as well as an increased collagen synthesis. 

Although active chronic viral hepatitis or autoimmune 
liver diseases are both associated with significantly in-
creased numbers of activated T-lymphocytes and deve-
lopment of liver fibrosis, immunosuppression is still 
present. A main cause of hepatic immunosuppression is 
represented by HSCs activation, which induces activated 
T-lymphocytes apoptosis, through the signaling pathway 
mediated by apoptosis ligand 1 (B7-H1) [34]. Quiescent 
HSCs synthesize molecules with an important role in 
immunoregulation. In HCC, tumoral activated HSCs inhibit 
T-lymphocytes response, thus demonstrating the apparition 
of a new immunoregulatory activity, subsequent to their 
activation. HCC cells synthesize molecules and cytokine 
that trigger HSCs activation. 

HSCs activation is a consequence of the following 
phenomena: inhibition of membranar receptors MHC 
class I, class II, CD86 and CD54; stimulation of apoptosis 
inhibiting receptors located on cells’ surface, through 
B7-H1 ligands; amplification of inflammatory cytokines 
synthesis (IL-6, IL-1) and inhibitors (TNF-a, TGF-b3). 
Tumoral HSCs’ role as co-stimulator and antigen-pre-
senting cells is diminished by blocking MHC class I, 
class II, CD86 and CD54 receptors. Tumoral HSCs’ 
immunosuppressing activity is generated through B7-H1 
signaling pathway that leads to T-lymphocytes apoptosis 
[34]. 

B7-H1 identification on tumoral HSCs surface suggests 
the interaction between proinflammatory response and 
immune tolerance of HCC’s microenvironment. A recent 
in vitro study demonstrated that the inhibition of T-
lymphocytes by tumoral HSCs favors HCC’s invasion 
and metastasis [33]. 

Natural killer cells represent the majority of lympho-
cytes present in the liver, being disposed in hepatic 
sinusoid endothelium. Unlike natural killer cells situated 
in periphery or spleen, those from the liver have immuno-
phenotypic, morphological and functionally unique 
features. The main characteristic of liver natural killer 
cells is increased cytotoxicity, due to a high level of cyto-
toxic effectors. In normal liver, natural killer cells play a 
major role in the first line of defense of the innate immune 
system, also intervening in constant immune monitoring 
of the liver, by eliminating invading pathogens, toxins 
and circulating tumoral cells [35]. 

In patients infected with hepatitic C virus, natural 
killer cells have a dual behavior, on one hand they induce 
tissular injuries and block hepatocytary regeneration, 
and on the other hand, they protect the liver from C 
virus aggression and tumoral cells proliferation. Despite 
these antagonist effects, natural killer cells inhibit liver 
fibrosis by directly inducing activated HSCs apoptosis. 
They induce the apoptosis of HSCs in the early stages of 
activation or senescent, but not of HSCs already activate 
or quiescent, which are immune to their stimulation [36]. 
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Due to fenestrations present in the hepatic sinusoidal 
endothelium, natural killer cells directly interact with 
parenchymatous cells, like hepatocytes, as well as with 
non-parenchymatous cells present in Disse space, like 
HSCs. Also, they may migrate to the edge of cicatricial 
fibrotic tissue, in the vicinity of activated HSCs that 
synthesize all the elements needed for their interaction. 
Natural killer cells activation is controlled by a fragile 
equilibrium between anti- and pro-activation signals 
mediated through the presence of activating or inhibiting 
receptors, with their corresponding ligands, located on 
the membrane of target cells. Moretta et al. proved that 
strong immune anti-tumor responses are a consequence 
of NK-cells infiltrated in tumor sites [37]. A new study 
has demonstrated that high intratumoral levels of NK-
cells are correlated with an increased survival in several 
other types of cancer [38]. Recently, a positive correlation 
was identified between the density of intratumor NK-
cells and tumor apoptosis, and a negative correlation 
with tumor proliferation [10], knowing that activated 
HSCs induce tumor proliferation [12]. Also, Zhao et al. 
have found a positive correlation between the number of 
tumor infiltrating natural killer cells and the intratumor 
expression of IL-37, significantly associated with better 
survival rates of HCC patients [39]. 

In our study, we have found an inverse correlation 
between the number of α-SMA positive cells and CD45 
and NK1-positive cells, which implies the inhibiting effect 
generated by activated HSCs on natural killer cells and 
T-lymphocytes. Knowing that natural killer cells induce 
apoptosis of HSCs either in early stages of activation or 
senescent, we can conclude that, in our examined areas, 
there is a population of fully activated HSCs which are 
resistant to apoptotic signals generated by natural killer 
cells and which, in turn, generates an inhibiting effect 
on these cells [36]. Regarding the interaction between 
activated HSCs and B-lymphocytes in patients with HCC, 
we have not found a correlation in any of the examined 
areas. 

In the layers of fibrous tissue that surround the tumor, 
we have observed a proliferation of activated HSCs. 
Previous studies have demonstrated that these myofibro-
blast transformed cells are also present in tissular spaces 
between tumoral cells trabeculae and endothelial cells 
[17], presenting cytoplasmic extensions that occasionally 
surround neoplasic cells trabeculae. Thus, we consider 
that HSCs activated by peritumoral hepatocytes injuries, 
may be involved in the formation of capsules around 
hepatic tumors, being also suggested by the presence  
of a severe immunostaining in all three patients with 
encapsulated tumors. A major limitation of our study 
was the small number of patients included in our study 
group. Further studies are necessary in order to better 
understand the interrelations between HCC cells, activated 
HSCs and immune system’s cells. 

HSCs present in non-necrotic tumoral tissue produce 
ECM, therefore maintaining the structure of neoplasic 
trabeculae [17]. Activated HSCs are the main source of 
matrix metalloproteinases (MMP)-2 and type I collagen 
that stimulates MMP-2 activation, a very important 
enzyme involved in the ECM remodeling process asso-
ciated with tumoral invasion and metastasis. In tumoral 

progression, activated HSCs intervene, on one hand by 
altering ECM remodeling process and, on the other hand, 
by synthesizing angiopoietin and vascular endothelial 
growth factor, both responsible of tumoral angiogenesis 
[40]. 

Even if chronic viral hepatitis is characterized by an 
increased number of activated T-lymphocytes, immuno-
suppression is present in the liver, mainly due to HSCs 
activation which, by triggering activated T-lymphocytes 
apoptosis, favors both HCC invasion and metastasis. 
Intratumoral, activated HSCs inhibit T-lymphocytes 
response. 

 Conclusions 

A better understanding of physiopathological mecha-
nisms through which activated HSCs are involved in liver 
carcinogenesis, could help in elaborating new therapeutic 
targets that would aim HSCs inhibition. Thus, a neoadju-
vant post-surgical therapy may prevent the development 
of relapses in the peritumoral tissue. Also, by inducing the 
apoptosis of peritumoral activated HSCs or their reversion 
to quiescent stages, it would be possible to decrease the 
incidence of HCC relapses, leading to a greater survival 
rate. 
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