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SK-Hep1: not hepatocellular carcinoma cells but a cell 
model for liver sinusoidal endothelial cells
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Abstract: SK-Hep1 cells serve as a cell model of hepatocellular carcinoma and hepatocyte biology. However, SK-
Hep1 cells are markedly different from normal hepatocytes and other hepatocellular carcinoma cells in their gene 
expression and protein levels. Furthermore, endothelial-specific makers and morphological characteristics are 
found in SK-Hep1 cells, indicating an endothelial origin. To confirm their cell phenotype, we investigated and com-
pared the surface ultrastructure, endothelial function, and molecular markers of SK-Hep1 cells in vitro and in 
vivo. The results revealed that SK-Hep1 cells expressed endothelial-specific makers and exhibited the endothelial 
function of endocytosis and tubular formation. Capillary-like structures with CD31 expression were also observed 
in SK-Hep1 allografts in nude mice. Moreover, SK-Hep1 cells possessed fenestrae without diaphragms, consistent 
with liver sinusoidal endothelial cells, as seen by electron microscopy. In conclusion, SK-Hep1 cells would be better 
considered a cell model for liver sinusoidal endothelial cells instead of hepatocellular carcinoma cells.
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Introduction

SK-Hep1 is a permanent cell line derived from 
the ascitic fluid of a 52-year-old male Caucasian 
with hepatic adenocarcinoma, according to the 
American Type Culture Collection (ATCC). It has 
widely served as a cell model of hepatocellular 
carcinoma (HCC) and hepatocyte biology since 
its establishment in 1971 [1]. However, no 
hepatic-specific genes, including albumin and 
α- and γ-fibrinogen, were expressed in SK-Hep1 
cells [2]. In addition, SK-Hep1 cells were mark-
edly different from normal hepatocytes and 
other HCC cells by proteomic analysis [3, 4]. 
Impressively, SK-Hep1 cells showed positive 
expression for endothelial markers, including 
von Willebrand factor (vWF) and endothelial 
leukocyte adhesion molecule-1 (ELAM-1). 
Additionally, the ultrastructure of pinocytotic 
vesicles and organelles consistent with Weibel-
Palade bodies under transmission electron 
microscopy (TEM) implied the endothelial origin 
of SK-Hep1 cells [2].

Although they were known to be of endothelial 
rather than HCC origin as early as 1992, the 
identification phenotype of SK-Hep1 cells 
remains undetermined due to their limited 
availability and outdated studies. Therefore, a 
comprehensive and systematic exploration of 
the SK-Hep1 phenotype is necessary. Con- 
sidering the biological distinctions between 
endothelial cells and epithelial (HCC) cells, con-
clusions from previous studies using SK-Hep1 
cells as an HCC cell model are doubted. To  
eliminate misinterpretations, the differences 
between SK-Hep1 cells and conventional HCC 
cells in structural and functional properties 
also need further investigation.

Liver sinusoidal endothelial cells (LSECs) form 
the barrier of the liver sinusoids and play a cru-
cial role in substance exchanging between 
hepatocytes and sinusoids [5]. Research on 
LSECs has helped to understand the complex 
network of sinusoidal cellular interactions in 
both physiological and pathophysiological sta- 
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tes [6-8]. Primary LSECs isolated from rodents 
undergo capillarization and lose their endothe-
lial characteristics during culture [9]. Conven- 
tional endothelial cell lines (e.g. human umbili-
cal vein endothelial cells, HUVECs) cannot ac- 
curately imitate LSECs biology in vitro due to 
the lack of fenestrae. Therefore, the identifica-
tion of an immortal endothelial cell line with 
fenestrae would contribute substantially to the 
research of LSECs. Interestingly, numerous 
pores consistent with fenestrae were found on 
the membrane of SK-Hep1 cells using scanning 
electron microscopy (SEM) [10]. Their ultra-
structural similarity makes them a potential cell 
model for LSECs biology in vitro. Nevertheless, 
whether the membrane fenestrae is an unique 
feature of SK-Hep1 cells or a general feature of 
immortal endotheliocytes or HCC cells deserves 
further clarification.

To confirm the cell phenotype of SK-Hep1, we 
investigated the surface ultrastructure, endo-

thelial function and molecular markers of 
SK-Hep1 cells in vitro and in vivo. In addition, 
the ultrastructural and functional characteris-
tics of conventional endothelial cells and HCC 
cells were also compared in the study.

Materials and methods

Cell culture

SK-Hep1 cells were obtained from the Procell 
Life Science and Technology Co., Ltd. (Wuhan, 
China). Their identity as SK-Hep1 cells was veri-
fied by short tandem repeat (STR) locus analy-
sis. HUVECs and human HCC cells Bel7402 
were obtained from the Type Culture Collection 
of the Chinese Academy of Sciences (Shanghai, 
China). SK-Hep1, HUVECs and Bel7402 cells 
were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM, HyClone, Logan, UT, USA) sup-
plemented with 10% fetal bovine serum (FBS, 
Biological Industries, Cromwell, CT, USA), 100 

Figure 1. Ultrastructure of HUVECs, SK-Hep1, and Bel7402 cells. Scanning electron microscopy showing variably 
sized fenestrae (white arrow) organized in sieve plates (white circle) on the surface of SK-Hep1 cells.
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U/ml penicillin, and 100 μg/ml streptomycin 
(HyClone) in a humidified atmosphere at 37°C 
with 5% CO2 in air.

Scanning electron microscopy

SK-Hep1, HUVECs, and Bel7402 cells were 
grown on coverslips coated with Matrigel (BD 
Biosciences, San Jose, CA, USA) at the bottom 
of 24-well plates. Once the cells were adhered 
to the coverslips, they were fixed with 2.5% glu-
taraldehyde in 0.1 mol/L sodium cacodylate 
buffer with 1% sucrose. Then, cells on cover-
slips were dehydrated in an ethanol gradient. 
After the critical point drying, the coverslips 
were coated with platinum and examined by 
SEM (JSM-5900LV, JEOL, Tokyo, Japan).

Immunofluorescence staining

SK-Hep1 cells were cultured on coverslips at 
the bottom of 24-well plates. The cells were 
fixed with 4% paraformaldehyde before perme-
abilization with 0.1% Triton X-100. After being 
blocked with 10% goat serum, the cells were 
incubated with primary antibodies against 
endothelial nitric oxide synthase (eNOS, 1:100, 
SAB, Baltimore, MD, USA), vascular endothelial 
growth factor (VEGF, 1:50, Proteintech, Wuhan, 
China), VEGF receptor 2 (VEGFR2, 1:100, Pro- 
teintechproteinte), vWF (1:100, Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) and CD31 
(1:50, Santa Cruz Biotechnology) overnight at 
4°C followed by incubation with TRITC-con- 
jugated secondary antibodies (1:200, ZSGB-
BIO, Beijing, China) at room temperature for 45 
minutes. Cell nuclei were stained with 4’, 
6-diamino-2-phenylindole (DAPI, Roche, Basel, 
Switzerland). A negative control, in which the 
primary antibodies were omitted, was included 
in all assays. Finally, the coverslips were mount-
ed with anti-fading medium and visualized with 
a fluorescence microscope (BX41, Olympus, 
Tokyo, Japan).

Endocytosis of Dil-Ac-LDL and FITC-albumin 
(FITC-ALB)

For endocytosis evaluation, SK-Hep1 cells were 
cultured on coverslips at the bottom of 24-well 
plates. Once the cells were 60-70% confluent, 
Dil-Ac-LDL (Yiyuan Biotechnology, Guangzhou, 
China) and FITC-ALB (Bioss, Beijing, China) 
were added at a concentration of 20 μg/ml 
each, and the cells were incubated at 37°C for 

4 hours in the dark. Cells were then washed 
with PBS and fixed with 4% paraformaldehyde. 
After cell nuclei were stained with DAPI, the cov-
erslips were mounted with anti-fading medium 
and examined with the fluorescence micro- 
scope.

Tubular formation assay

SK-Hep1, HUVECs, and Bel7402 cells were 
seeded at a density of 5×104-105 cells per well 
in Matrigel coated 24-well plates. After cultur-
ing for 4 hours, the cells were visualized, and 
photographs were taken under the inverted 
phase-contrast microscope (IX71-22PH, Olym- 
pus).

SK-Hep1 xenografts in nude mice

Six healthy male BALB/c nude mice, weighting 
18-23 g, were obtained from the Experimental 
Animal Center of Sichuan University (Chengdu, 
China). The mice were kept under 12-hour light-
dark cycles at a constant temperature and 
humidity with free access to chow and water. 
Briefly, 5×106 of SK-Hep1 cells dissolved in nor-
mal saline were subcutaneously injected into 
the back of nude mice. All mice were sacrificed 
under anesthesia, and xenograft tumors were 
dissected after 2 weeks. Tumor tissues were 
fixed in 4% paraformaldehyde for histopatho-
logic and immunohistochemical examinations. 
The animal experiment was approved by the 
Animal Use and Care Committee of West China 
Hospital, Sichuan University, and was conduct-
ed according to the regulations.

Histopathologic and immunohistochemical 
(IHC) analysis 

Tumor tissues were processed for paraffin 
embedding and 3 μm of sections. Sections 
were deparaffinized in xylene, rehydrated with 
graded ethanol dilutions, and then stained with 
hematoxylin-eosin. For IHC staining, antigen 
retrieval was performed at high temperature 
under high pressure in 10 mM sodium citrate 
buffer. After blocking with H2O2 and 10% goat 
serum, the sections were incubated with rabbit 
anti-CD31 (1:100, Santa Cruz Biotechnology) 
overnight at 4°C followed by incubation with 
biotin-streptavidin HRP detection (ZSGB-BIO) at 
room temperature for 30 minutes. Finally, sec-
tions were stained with a solution of 3, 3’-diami-
nobenzidine (DAB, ZSGB-BIO) and counterstai- 
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had attached to the surfa- 
ce of Matrigel. Under high 
magnification, the surface 
of SK-Hep1 cells possessed 
numerous pores of various 
sizes, consistent with fenes-
trae. Some appeared to be 
organized into sieve plates, 
remarkably different from 
the appearance of HUVECs 
and Bel7402 cells. There 
were few pseudopodia on 
the surface of SK-Hep1 
cells or HUVECs, whereas 
plenty of microvilli were 
found on Bel7402 cells 
(Figure 1).

Expression of endothelial 
makers in SK-Hep1 cells

On immunofluorescence an- 
alysis, SK-Hep1 cells had 
positive staining and cyto-
plasmic expression for en- 
dothelial-specific proteins, 
including eNOS, VEGF, VEG- 
FR2 and vWF, with negative 
staining for CD31 (Figure 2).

Uptake of Dil-Ac-LDL by SK-
Hep1 cells

After incubation with Dil-Ac-
LDL for 4 hours, there were 
bright red dots in the cyto-

Figure 2. Expression of endothelial makers in SK-Hep1 cells. Immunofluores-
cence analysis showing positive staining for eNOS, VEGF, VEGFR2, and vWF 
(×400 magnification). 

ned with hematoxylin. A negative control, in 
which the primary antibodies were omitted, 
was included in all assays. The sections were 
examined under an optical microscope (CX41, 
Olympus) equipped with a digital camera sys-
tem (DP72, Olympus). 

Results

Endothelial cell morphology of SK-Hep1 cells

SK-Hep1 cells grew against the wall of the flask 
and approached confluence rapidly in DMEM. 
SK-Hep1 cells showed spindle and polygon 
shapes similar to those of mesenchymal cells 
under light microscopy after adhesion. When 
viewed by SEM at low magnification, SK-Hep1 
cells and HUVECs were stretched and flattened 
with extending tentacles, whereas Bel7402 
cells were ovoid or globular in shape after they 

plasm of SK-Hep1 cells under fluorescence 
microscope, indicating extensive cytoplasmic 
uptake of Dil-Ac-LDL into the SK-Hep1 cells. 
However, no green fluorescence was observed 
in SK-Hep1 cells incubated with FITC-ALB 
(Figure 3A).

Tubular formation by SK-Hep1 cells

Consistent with HUVECs features, SK-Hep1 
cells formed a tubular network on the surface 
of Matrigel within 4 hours of plating without 
reagent induction, whereas Bel7402 cells 
showed no traces of tubular formation (Figure 
3B).

Tumorigenic capacity of SK-Hep1 cells

Two weeks after cells injection, the xenograft 
tumor models were successfully established in 
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all six nude mice (Figure 
4A), exhibiting the tumori-
genic capacity of SK-Hep1 
cells. Histological sections 
showed that the nucleus 
was flattened and the cy- 
toplasm formed tubular 
structures containing lumi-
na, consistent with capil-
lary formation (Figure 4B). 
The newly formed capillar-
ies expressed CD31 by 
immunohi s to chemic a l 
staining (Figure 4C, 4D). 

Discussion

SK-Hep1 has long been 
recognized as a cell model 
for HCC and hepatocyte 
biology [11-13]. However, 
prominent differences be- 
tween SK-Hep1 and other 
HCC cells have been found 
in gene expression and pro-
tein levels. In this study, we 
made efforts to identify the 
cell phenotype of SK-Hep1 
comprehensively and sys-
tematically in ultrastruc-
ture, endothelial function, 
molecular markers, and in 
vivo tumorigenic capacity. 
Consistent with previous 
study [10], we found that 
SK-Hep1 cells had positive 
expression of eNOS, vWF, 
VEGF, and VEGFR2. Both 
eNOS and vWF are specific 
makers of endothelial cells, 
including but not limited to 
LSECs [5, 14]. In addition 
to endothelial cells, VEGF 
and VEGFR2 have been 
found in cultured HCC cells 
[15, 16], making them non-
specific makers to distin-
guish SK-Hep1 from con-
ventional HCC cells. CD31 
is an intercellular adhesion 
molecule classically expre- 
ssed at the surface of 
endothelial cells, which is 
absent from hepatic sinu-
soid and isolated LSECs 

Figure 3. Endothelial function evaluation of SK-Hep1 cells. A. Cytoplasmic up-
take of Dil-Ac-LDL by SK-Hep1 cells (×400 magnification); B. Tubular forma-
tion capacity of HUVECs, SK-Hep1 and Bel7402 cells on the surface of Matrigel 
(×100 magnification).

Figure 4. Histology of SK-Hep1 allograft in nude mice. A: SK-Hep1 allograft in a 
nude mouse; B: HE staining showing the newly formed capillaries in xenograft 
tumor tissues (black arrow, ×400 magnification); C, D: Immunohistochemical 
staining showing the newly formed capillaries with CD31 expression in xeno-
graft tumor tissues (black arrow, ×400 magnification).
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and becomes expressed gradually in capillar-
ized LSECs along with the disappearance of 
fenestrae [17]. Our study revealed that cultured 
SK-Hep1 cells in vitro showed negative staining 
for CD31. In allografts in nude mice, SK-Hep1 
cells formed capillary-like structures, and CD31 
expression was detected in newly formed ves-
sels by IHC. Positive expression of endothelial 
markers demonstrated the endothelial origin of 
SK-Hep1 cells, and unique expression pattern 
of CD31 in vitro and in vivo was in accordance 
with LSECs.

A striking endocytic activity represents a func-
tional hallmark of endothelial cells. LSECs 
exhibit the highest endocytic activity in the 
body by clearing waste from the blood and 
transferring molecules from the sinusoids to 
the Disse space. Primary LSECs endocytose 
Dil-Ac-LDL and FITC-labeled formaldehyde-
treated serum albumin (FITC-FSA), but they par-
tially lose their endocytic capacity during cul-
ture in vitro [9]. Dil-Ac-LDL and FITC-ALB were 
added as labeled biomolecules for endocytosis 
evaluation in our study. The results showed that 
there was extensive cytoplasmic uptake of Dil-
Ac-LDL into the SK-Hep1 cells, indicating high 
and rapid endocytic activity. Endocytosis of 
acetylated lipoproteins was first shown in 
SK-Hep1 cells and was consistent with a virally 
transformed immortal LSEC line [18]. Although 
SK-Hep1 cells are able to take up FITC-FSA [10], 
no fluorescence signal was observed in 
SK-Hep1 cytoplasm incubated with FITC-ALB in 
this study, indicating the selective endocytosis 
of labeled molecules by SK-Hep1 cells. 

The capacity to form tubular structures in vitro 
is another functional property of endothelial 
cells and provides the pathophysiological basis 
of angiogenesis during the process of liver fibro-
sis and portal hypertension [19]. This study 
compared the capacity of tubular formation in 
SK-Hep1, HUVECs, and Bel7402 cells. Given an 
abundant and complex extracellular matrix sub-
strate for growth, SK-Hep1 cells were able to 
produce capillary-like structures, similar to the 
morphology of immortal HUVECs (which are 
endothelial) [20]. In contrast, the conventional 
HCC cell line Bel7402 failed to form tubular 
structures on the surface of Matrigel within the 
same time frame. The newly formed capillaries 
with CD31 expression in SK-Hep1 allo- 
grafts in nude mice confirmed the capacity of 

tubular formation in vivo. Combined with the 
tumorigenic capacity in nude mice, SK-Hep1 
cells would be a valuable model for studying 
angiogenesis in vivo and in vitro. The typical 
endothelial function of endocytosis and tubular 
formation provided additional evidence that 
SK-Hep1 is of endothelial origin.

Fenestrae in the ultrastructure, which perfo-
rate in continuous cytoplasm and provide the 
structural basis for substance exchange, is the 
only specific feature of LSECs distinguishing 
them from conventional endothelial cells (e.g. 
HUVECs). In this study, a LSEC-specific ultra-
structure was confirmed in SK-Hep1 cells. 
When viewed by SEM, both SK-Hep1 cells and 
HUVECs presented stretched and flattened 
with extending tentacles, compared to the glob-
ular shape with abundant microvilli of Bel7402 
cells. In addition, numerous pores of various 
sizes were organized in sieve plates, consistent 
with fenestrae, were observed on the surface 
of SK-Hep1 cells, whereas HUVECs and 
Bel7402 cells presented with consecutive cyto-
plasm. The fenestrae of LSECs rapidly disap-
pear once isolated and cultured, making it 
impossible to maintain their innate biology in 
vitro [9]. However, our study revealed that cul-
tured SK-Hep1 cells maintained their fenestra-
tion persistently without reagent induction. 
Based on these findings, SK-Hep1 cells could 
potentially be a cell model for LSECs in vitro, 
since they possess membrane fenestrae with 
endothelial origin, which are akin to LSECs 
features.

Lacking suitable cell models, primary dissoci-
ated cells cultured from rats and mice have 
been the major materials in which LSECs biolo-
gy has been studied, though with great difficul-
ty and low yield. The capillarization and short 
survival of these cells restrict their application 
in LSECs studies [9]. To overcome the disad-
vantage of culturing primary LSECs, consider-
able efforts have been made to develop hu- 
man and murine immortalized LSEC lines. 
Transfection with lentivirus (SV40 and hTERT) 
[18, 21] or large tumor antigen [22] has suc-
cessfully induced an immortal phenotype of 
human LSECs. However, the fenestrae disap-
pear during the immortalization process in 
majority of the established cell lines. An immor-
talized LSEC cell line named M1LEC, induced by 
virus antigen transduction, revealed fenestrae 
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under SEM, but it failed to maintain fenestra-
tion unless co-cultured with other cells [23, 
24]. Encouragingly, the SK-Hep1 cell line inher-
ently possesses fenestrae and can maintain 
fenestrae persistently without reagent induc-
tion, making it a desirable cell model for LSECs.

According to the above, SK-Hep1 cells were 
remarkably different from conventional HCC 
cells in ultrastructure, endothelial function and 
molecular markers. In contrast, SK-Hep1 cells 
expressed endothelial-specific makers and 
exhibited the endothelial function of endocyto-
sis and tubular formation. Moreover, SK- 
Hep1 cells possessed fenestrae consistent 
with LSECs. They should be considered an 
immortal human LSECs line instead of HCC cell 
line.
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