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Abstract: Background and aims: According to recent findings, some tumor cells function as endothelial progenitor 
cells to initiate tumor vasculogenesis, known as “vasculogenic mimicry” (VM). Notch1, the key regulator of vasculo-
genesis and embryonic differentiation, has shown a correlation with a poor prognosis in hepatocellular carcinoma 
(HCC). We attempted to elucidate the relationship between Notch1 and the vascularization of HCC. Materials and 
methods: HCC cell lines were assayed for tube formation and low-density lipoprotein (LDL) absorption. The trans-
lation level of targets of interest was verified using western blot. Notch1 was silenced in HepG2, BEL-7402 and 
HCCLM6 using lentivirus shRNA. A hypoxic culture was conducted in an anaerobic culture chamber to induce VM in 
HepG2. Samples from 53 patients with HCC, i.e., 5 with metastasis and 48 without were tested for Notch1+ cells and 
CD34 negative plus Periodic Acid-Schiff (PAS) positive structures, respectively. Results: BEL-7402 and HCCLM6 were 
capable of tube formation and LDL absorption in vitro, while HepG2 was negative for both. Notch1 down-regulation 
suppressed endothelial marker expression and greatly impaired tube formation. After hypoxic culture, the tube 
formation capacity of HepG2 was significantly enhanced, along with an increase in Notch1 expression. Notch1 was 
strongly and profusely expressed in all 5 cases of distant metastasis, while 19 of the 48 cases without metastasis 
were sparsely positive (P < 0.05). Notch1 positivity was mainly seen in the cytoplasm and nuclei. VM structures were 
only found in 2 cases from the metastasis group (P < 0.05). Conclusions: HCC is capable of VM. Notch1 might serve 
as a potential target for VM development in HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the second 
leading cause of cancer-related death with an 
incidence of 750,000 new cases worldwide 
each year [1]. Although treatment options are 
diverse and the selections of individual patients 
for different treatments have been greatly 
improved during the last few decades, the over-
all survival still remains unsatisfying. One of the 
notorious reasons for such upsetting prognosis 
is the early metastasis of the tumor, which is 
not uncommon at the time of diagnosis. HCC is 
often aggressive in behavior and tends to com-
promise blood vessels in the vicinity, sending 
tumor cells to the blood stream and giving birth 
to distal metastasis and frequent relapse. As 
investigations continue, the idea of heteroge-

neity among cancer cells is being widely accept-
ed, and some cell types are believed to be 
responsible for tumor sustenance, relapse, and 
metastasis. Various researchers found that 
several types of aggressive cancers (including 
HCC) could form peculiar network structures 
that contained red blood cells, simulating vas-
culogenesis [2-4]. This phenomenon was called 
vasculogenic mimicry (VM) and might actively 
participate in the growth of cancers particularly 
under hypoxia [5, 6]. Since such vessels were in 
essence constituted by cancer cells, the under-
lying mechanism of the network formation was 
inevitably different from the vessels formed by 
normal endothelial cells, thereby providing 
explanations for the accumulating reports of 
the failure of VEGFR targeted drugs [7-9].
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Notch signaling pathway is stringently con-
served along the road of evolution, from inver-
tebrates to mammals. Once vigorously activat-
ed during embryonic development, the Notch 
signaling pathway remains versatile in fully 
developed human body. It is composed of 4 
transmembrane receptors (Notch-1, -2, -3 and 
-4) and 5 canonical ligands (Delta like1, 3, 4 
and Jagged1, 2). The canonical pathway is acti-
vated when the ligands are bound to the extra-
cellular domain of the receptors, followed by 
proteolytic cleavage and translocation of the 
intracellular domain into the nucleus, arousing 
multiple functions such as vasculature forma-
tion, stem cells maintenance and differentia-
tion and proliferation of epidermis and endo-
thelium, etc. The Notch signaling pathway is 
particularly important to vasculature formation 
in that it promotes vessel sprouting in adult-
hood as well as angioblast differentiation in 
embryogenesis [10, 11]. Furthermore, it has 
also been reported that the Notch signaling 
pathway is involved in the derivation of hepatic 
stem cells from bone marrow [12]. Recent find-
ings demonstrated Notch1 up-regulation was 
correlated with carcinogenesis and poor prog-
nosis of HCC [13-16]. However, the underlying 
mechanisms have so far been dimly un- 
derstood.

In the present study, we tried to elucidate the 
relationship between Notch1 and VM in HCC.

Methods and materials

Cell culture

Human hepatocellular carcinoma cell lines 
HepG2 and BEL-7402 were obtained from the 
Guangdong Provincial Key Laboratory of Ma- 
lignant Tumor Epigenetics and Gene Regulation, 
Sun Yat-Sen Memorial Hospital, Sun Yat-Sen 
University (Guangzhou, China). HCCLM6 was 
obtained from Zhongshan Hospital, Fudan 
University (Shanghai, China). BEL-7402 cell line 
was cultured in RPMI-1640 (Life Technologies, 

ed with 10% fetal bovine serum (Biological In- 
dustries, Kibbutz Beit Haemek, Israel) as rec-
ommended by the suppliers. Cells were re-
mained in incubator at 37°C with 5% CO2 in 
humidified atmosphere. To exert oxidative st- 
ress, cells of interest were transferred to anaer-
obic cultivation with 5% CO2 and 1% O2.

Gene silencing

Human Notch1 expression was stably knock-
down using recombinant lentivirus shRNA tar-
geting sequence 5’-GGGCUAACAAAGAUAUG- 
CA-3’ (GenePharma, Shanghai, China). After 
infection, the cells were selected using 1 μg/ml 
puromycin during cell culture. The effective-
ness of gene silencing was verified by Western 
blot.

Western blot analysis

The cells (2×106/well) were washed twice with 
ice-cold PBS (phosphate-buffered saline) and 
lysed on ice in lysis buffer [50 mM Tris (pH 7.4), 
150 mM NaCl, 1% NP-40, 0.1% SDS], 1% pro-
tease inhibitor phenylmethane sulfonyl fluoride 
(PMSF; Beyotime Institute of Biotechnology, 
Shanghai, China). Protein concentration was 
determined using BCA protein quantification kit 
(Bocai, Shanghai, China). Whole cell extracts 
(30 μg) were fractionated by 8% sodium dodec-
yl sulfate polyacrylamide gel electrophoresis 
and transferred onto polyvinylidene difluoride 
membrane (Millipore, Bedford, Massachusetts, 
USA). Proteins of interest were revealed with 
specific antibodies as indicated in 4°C over-
night: rabbit anti human Notch1 polyclonal 
antibody in a final dilution of 1:1000 (Abcam, 
Cambridge, UK), rabbit anti human VE-Cadherin 
polyclonal antibody in a final dilution of 1:1000 
(Abcam, Cambridge, UK), rabbit anti human 
vWF polyclonal antibody in dilution of 1:500 
(Abcam, Cambridge, UK) and mouse anti-α-
tubulin monoclonal antibody in a final dilution 
of 1:1000 (Cell Signaling Technology, Danvers, 

Table 1. Clinicopathological characteristics of HCC patients and the expres-
sions of Notch1 and VM structures

n
gender TNM staging differentiation Notch1 VM
F M I II III IV Well Moderate Poor + - + -

Metastasis 5 1 4 - - - 5 0 2 3 5 0 2 3
Non-metastasis 48 8 40 25 4 19 0 10 15 23 19 29 0 48

California, USA), while 
HCCLM6 and HepG2 
were cultured in high 
glucose DMEM (Life 
Technologies, Califor- 
nia, USA). Both culture 
media for the cell lin- 
es were supplement-
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MA, USA). Secondary antibody HRP linked an-
ti-rabbit IgG in a final dilution of 1:2000 (Cell 
Signaling Technology, Danvers, Massachusetts, 
USA) was subsequently put into use. Specific 
signals were visualized using ECL chemilu-
minescent detection kit (Immubilon Western, 
Millipore, Massachusetts, USA).

Tube formation and low density lipoprotein 
(LDL) absorption assay

The tumor cells (5×105/well) were seeded onto 
the six-well plates after matrigel (BD 
Biosciences, Franklin Lakes, New Jersey, USA) 
pavement according to the manufacturer’s pro-
tocol. 6 hours after seeding, Dil-AC-LDL was 
added into serum free basic culture media 
(Dulbecco’s Modified Eagle Medium, Life 
Technologies, California, USA), incubated for 4 
hours. Results were taken every 24 h. For fur-
ther investigation, cells on matrigel were 

retrieved using Cell Recovery Solution (BD 
Biosciences, Franklin Lakes, New Jersey, USA).

Patient samples

We collected 5 paraffin embedded section 
samples from HCC patients with distant metas-
tasis and 48 cases without metastasis in the 
Department of Hepatopancreatobiliary Surgery 
at Sun Yat-sen Memorial Hospital from 2005 to 
2009 (Table 1). None of the patients enrolled in 
this study had received preoperative treatment. 
For those cases with metastasis, the samples 
were collected from the orthotopic tumors. All 
the tissue samples were collected with written 
informed consent according to the Internal 
Review and the Ethics Boards of the Sun Yat-
sen Memorial Hospital of Sun Yat-sen University. 
The whole procedure was approved by the ethi-
cal committee of the hospital and in accor-
dance with the Declaration of Helsinki.

Figure 1. HCC cell lines displayed in vitro endothelial functions. HCC cell lines BEL-7402 (A), HCCLM6 (C) and HepG2 
(E) were used to perform the tube formation assay. Tube-like structures were seen in BEL-7402 and HCCLM6 cell 
lines and they were capable of Dil-AC-LDL absorption (B: BEL-7402, D: HCCLM6), with HUVEC as positive control (G, 
H). HepG2 merely clustered on matrigel (E) and failed to absorb LDL (F). Western blot showed that the expression 
of Notch1 and endothelial markers VE-cadherin and vWF were increased when cultured on matrigel, compared to 
monolayer culture (I).
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Figure 2. Notch1 knockdown impaired in vitro VM development. After Notch1 was knockdown, endothelial marker 
VE-cadherin was decreased (A), along with the impaired tube formation ability (B, C. BEL-7402-NC-shRNA, BEL-
7402-Notch1-shRNA; D, E. HCCLM6-NC-shRNA, HCCLM6-Notch1-shRNA; F, G. HUVEC-NC-shRNA, HUVEC-Notch1-
shRNA).
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Figure 3. Hypoxia changed the outlook of HepG2 and promoted endothelial functions, which was associated with 
Notch1 expression. The outlook of HepG2 changed from polygonal (A) to spindle-like morphous (B) after oxidative 
stress was exerted, much to HUVEC cells resemblance (C). The capacity of tube formation was also enhanced (D). 
The expression of Notch1 and VE-Cadherin was raised after hypoxic culture (E). 
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Immunohistochemistry (IHC) and PAS staining

The procedure was carried out as previously 
described [17]. Monoclonal rabbit anti-human 
Notch1 in a dilution of 1:200 (Abcam, 
Cambridge, UK) and monoclonal sheep anti-
human CD34 in a dilution of 1.7 μg/ml (R&D 
systems, Minneapolis, USA) were used as pri-
mary antibodies. IgG-HRP anti-rabbit second-
ary antibody (DAKO, Hamburg, Germany) and 
IgG-HRP anti-sheep secondary antibody both at 
a dilution of 1:300 (EarthOx, California, USA) 
were applied. The slides were detected by DAB 
and counterstained by hematoxylin (DAKO, 
Hamburg, Germany). To detect VM pattern 
structures, periodic acid-Schiff (PAS) staining 
was applied before hematoxylin counterstain-
ing. All the slides were studied using light micro-
scope by three independent investigators.

Statistical analysis

All data were analyzed using SPSS 13.0. 
Binominal data were performed using chi-
square test and continuity correction was put 
into use when necessary. Statistical signifi-
cance was considered when P < 0.05.

Results

HCC cell lines displayed distinct VM capacity 
in vitro

BEL-7402 and HCCLM6 could form vessel-like 
structures on matrigel and the cells could also 
absorb Dil-AC-LDL in the meantime, with human 
umbilical vein endothelial cells (HUVECs) as 
positive control while HepG2 could only form 
clusters on matrigel (Figure 1A, 1C, 1E, 1G rep-
resented the tube formation assays performed 

Figure 4. Notch1 and VM expression in HCC patients with metastasis and those without. Notch1 was more com-
monly and strongly expressed in the primary tumors from HCC with distant metastasis (A) than those without (B), 
while VM appeared exclusively in cases from the metastasis group (C). Cases without metastasis were negative for 
VM structures (D). White arrow in C showed CD34+ endothelial cells. Black arrow showed CD34-/PAS+ VM structures, 
inside which red blood cells could be seen.



Notch1 and hepatocellular carcinoma cell lines

5788	 Int J Clin Exp Pathol 2014;7(9):5782-5791

by BEL-7402, HCCLM6, HepG2 and HUVEC, 
respectively). Figure 1B, 1D, 1F, 1H showed the 
Dil-AC-LDL absorption assay in the same field 
of the 4 cell lines mentioned above, respective-
ly). Even the tube-like structures formed by the 
2 cell lines looked slightly different from each 
other. The tube-like structures of HCCLM6 were 
more intact and the cell-cell contact was tighter 
than those of BEL-7402. Compared to mono-
layer culture, the expression of Notch1 and 
vWF, VE-cadherin of cells recovered from matri-
gel was increased (Figure 1I).

Notch1 knockdown leads to impairment of VM 
development

To determine whether Notch1 expression would 
affect VM development, we performed tube for-
mation assays after inhibition of Notch1 using 
lentivirus shRNA. After Notch1 depletion, the 
tube formation capacity of BEL-7402, HCCLM6 
and HUVEC was also significantly reduced and 
VE-cadherin expression decreased correspond-
ingly (Figure 2A the expression of Notch1 and 
VE-Cadherin were reduced after Notch1 deple-
tion; Figure 2B-G the tube formation capacity 
of BEL-7402, HCCLM6 and HUVEC was 
decreased after Notch1 depletion).

Endothelial attributes could be induced under 
hypoxic culture in vitro

To further illustrate the mechanism of VM, we 
transferred HepG2 into hypoxic culture in endo-
thelial condition culture medium (EGM-2). As a 
result, after incubating in EGM-2 culture medi-
um and under hypoxic condition for 72 h, 
HepG2 not only took on a transformation on 
cellular morphous and increased VE-cadherin 
expression, but also acquired greater tube for-
mation capacity (Figure 3A the original outlook 
of HepG2 on monolayer culture; B after 72 h of 
hypoxic culture, the outlook of HepG2 changed; 
C the outlook of HUVEC on monolayer culture; D 
after treated in hypoxia for 72 h, HepG2 
acquired enhanced tube formation capacity; E 
the increase expression of Notch1 and 
VE-Cadherin of HepG2 after hypoxic culture).

Notch1 positivity was seen in HCC while VM 
structures were exclusively present in cases 
with distant metastasis

The primary tumors from HCC cases with dis-
tant metastasis were all profusely and strongly 

positive for Notch1. Its expression was seen in 
the cytoplasm and some of the nucleus of the 
cancer cells. These cells invariably distributed 
in clusters near the tumor mesenchym (Figure 
4A). In contrast, Notch1 was much lower in pos-
itivity in cases without metastasis and these 
cases were lack of the VM structures (19/48, 
Continuity Correction χ2=4.455, P=0.035) 
(Table 1, Figure 4B). VM structures exclusively 
appeared in patients with metastasis (2/5) 
(Figure 4C, 4D). In them, red blood cells could 
be seen, but no mosaic vessels were found.

Discussion

Vascularization has been universally agreed to 
be vital for the growth of tumor. It is traditionally 
believed that new blood vessels developed 
either by the extension of the already existing 
blood vessels or from the angioblasts recruited 
from bone marrow, known as angiogenesis and 
vasculogenesis respectively. Unrelenting effor- 
ts were invested in the pursuit for the ideal anti-
angiogenesis therapy and sorafenib was the 
only drug approved by FDA thus far to treat 
advanced stage HCC. Although in the first few 
years there were several reports showing 
sorafenib significantly improved patients’ sur-
vival quality, increasing studies revealed that 
drug resistance could develop in prolonged 
administration settings [9, 18-23]. Recently, 
investigators found that the formation of new 
blood vessels was not necessarily dependent 
upon angiogenesis or vasculogenesis. Under 
the selective stress of hypoxia or anti-angiogen-
ic treatment such as sorafenib, some biologi-
cally aggressive, poorly differentiated tumors, 
including HCC, were capable of developing fluid 
conducting networks, simulating vasculogene-
sis [2, 4, 24, 25]. Thus came the term vasculo-
genic mimicry (VM). In order to find out whether 
HCC cells could develop VM in vitro, we used 
HCC cell lines BEL-7402, HCCLM6 and HepG2 
to perform tube formation and LDL absorption 
assays. Both BEL-7402 and HCCLM6 started to 
form tube-like structures in 6 h after seeding, 
and lasted for 72 h when the loops began to fall 
apart. Both cell lines were able to absorb LDL 
after seeding on matrigel. Western blot showed 
endothelial marker VE-cadherin and vWF was 
significantly increased when cultured on matri-
gel than monolayer culture. Although several 
studies showed that only a small subset of 



Notch1 and hepatocellular carcinoma cell lines

5789	 Int J Clin Exp Pathol 2014;7(9):5782-5791

tumor cells in tumor tissues exhibited endothe-
lial features, cell sorting was not necessary 
before tube formation assay as in the case of 
the cell lines BEL-7402 and HCCLM6 [26]. First 
of all, we assumed that since the variety of cell 
subpopulations from parental tumor tissues 
were much more diverse than cell lines, sub-
population selection would be inevitable [27]. 
Furthermore, vasculogenic mimicry is a trait of 
plasticity, often closely correlated with cell dif-
ferentiation status. Sure enough, the well dif-
ferentiated cell line HepG2 failed to form any 
tube-like structures in vitro. Additionally, immu-
nohistochemical analysis of tumor tissues from 
HCC patients was performed to further investi-
gate VM in vivo. We divided 53 paraffin embed-
ded samples into 2 groups based on the condi-
tion of distant metastasis and performed the 
CD34/PAS dual staining. In the present study, 
there were 5 HCC cases with distant metasta-
sis and 48 without distant metastasis. We 
found that 2 of the 5 cases with distant metas-
tasis were positive for VM structures while 
those without metastasis failed to show any (P 
< 0.05). Since cancer patients with distant 
metastasis do not normally undergo surgical 
resections unless palliative resection could 
relieve the symptoms, the cohort of distant 
metastasis in our study was relatively small. 
Thus the possible correlation between VM and 
metastasis still needs further investigations.

The Notch signaling pathway is involved in mul-
tiple functions including proliferation regula-
tion, phenotypic homeostasis and cell fate 
decision during development in various organs 
[28]. Particularly for the liver, Notch2 played a 
part in intrahepatic bile duct development [29, 
30]. However, recent studies showed that 
Notch1 was correlated with poor survival in 
HCC as well [13, 16]. Apart from the functions 
mentioned above, the Notch signaling pathway 
is also critical for endothelial progenitor cells to 
develop new blood vessels [31, 32]. So far as 
VM is concerned, tumor cells with such capaci-
ty bear close resemblance to endothelial pro-
genitor cells phenotypically and functionally. In 
the present study, we discovered that Notch1 
expression was relatively high in BEL-7402 and 
HCCLM6 but low in HepG2, in line with their 
tube formation capacity. Additionally, Notch1 
suppression in BEL-7402 and HCCLM6 cell 
lines could lead to down-regulation of VE- 

cadherin and thereby inhibiting the tube forma-
tion ability in vitro. Of note, the proliferation of 
HUVEC almost came to a halt after Notch1 was 
knockdown (data not shown), suggesting 
Notch1 might be vital for the growth of endo-
thelial cells or cells bearing endothelial charac-
teristics. Moreover, patients with distant 
metastasis expressed Notch1 far more than 
those without and that VM structures appeared 
exclusively in the former group (P < 0.05). 
Interestingly, however, none of the Notch1+ 
cases from the non-metastasis group manifest-
ed any trace of VM, indicating that VM develop-
ment might be associated with later stage of 
tumor progression when oxidative stress be- 
came more prominent. Based on this assump-
tion, hypoxic culture was performed on HepG2. 
After hypoxic induction, HepG2 demonstrated 
greater in vitro tube formation capacity, with 
Notch1 expression being elevated. Thus, we 
postulate that the Notch1 associated VM devel-
oping capacity might be largely dependent 
upon the differentiation status of tumor cell 
itself, the stage of disease progression and the 
crosstalk between tumor cells and the sur-
rounding niche. Sure enough, the Notch1+ 
tumor cells were mainly seen in the vicinity of 
the tumor mesenchyma, indicating that these 
highly invasive cells interacted actively with 
tumor mesenchyma. In the light of the findings 
above, we hypothesized that HCC cells could 
develop VM, a process correlated with Notch1. 
What’s more, we previously found that Notch1 
might partake in the process of transdifferenti-
ation from poorly differentiated HCC into tumor 
endothelium [33]. Although it remains largely 
unknown why in some scenarios tumor cells 
had to develop into mature endothelium while 
vasculogenic mimicry could already serve the 
same purpose, it has been demonstrated that 
Notch1 might contribute to these processes.

In conclusion, HCC with distant metastasis 
strongly expressed Notch1 and some could 
develop VM structures. In vitro evidence further 
confirmed that Notch1 was correlated with VM 
development and might serve as a potential 
target for HCC treatment.
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