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Abstract
Angiogenesis occurs as a consequence of cellular hypoxic conditions. Occurring
of chronic hepatocyte necro-inflammation, fibrosis, cellular proliferation, and
infiltration of malignant cells may activate pro-angiogenic factors and induce the
formation of new blood vessels. The closed relation between the angiogenesis
factor genes mutation with its expression in the liver tissues and clinical
appearances is poorly understood. In clinical practice, it is easier to measure
angiogenesis soluble factors (ASF) than determine the tissue expression levels of
pro-angiogenesis factors. Vascular endothelial growth factor (VEGF) is the most
important regulator of angiogenesis. Soluble VEGF and VEGF receptor can be
detected in blood (serum and plasma). Angiogenesis soluble factors are needed
as the seromarker for facilitating the early detection of progressive chronic liver
disease.
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Introduction
Hepatocytes are exposed to hypoxic conditions during necroinflammation, fibrosis, hepatocyte proliferation, infiltration of
malignant cells, and metastasis. The mitogen-activated protein
kinase (MAPK) signaling pathway (RAS/RAF/MEK/ERK) is activated
by increasing of VEGF expression in the liver tissues. Genetic
mutations may affect the VEGF and VEGF receptors (VEGFRs)
expression in target tissues. DNA mutations and seromarkers of
angiogenesis have been studied as potential predictors of survival
and relapse in hepatocellular carcinoma subjects. The excess of
VEGFRs secretion from endothelial cells plays an important role
in blood vessel sprouting and neo-angiogenesis. However, it is
poorly understood and few studies mentioned on its relationship
with diseases such as preeclampsia, retinopathy and chronic
kidney disease. How far neo-angiogenesis processes in chronic
hepatitis and liver cirrhosis tend to favor the proliferation of
malignant cells and relapse? Do the soluble VEGF and VEGFRs,
as seromarkers, predict tumor relapse? This review will discuss
the use of angiogenesis soluble factors (VEGF and VEGFRs) as
seromarkers of predictor progression in chronic hepatitis to
hepatocellular carcinoma (HCC).
© Copyright iMedPub |

Roles of VEGF and VEGFRs in chronic
hepatitis and hepatocellular carcinoma
VEGF is a polypeptide, belonging to the platelet-derived growth
factor (PDGF family of growth factors. These growth factors
consist of dimeric cysteine-linked chains that are secreted as
glycoproteins with a molecular weight of about 40 kDa. VEGF is
encoded by a family of genes, including VEGF-A, -B, -C, -D and
placental growth factor (PIGF). Human VEGF is most commonly
expressed by the VEGF-A gene [1].
VEGF is produced and activated in the proliferation of endothelial
cells. Its regulation of the vascular permeability of endothelial cells
in the liver sinusoid involves increased expression of VEGFR-1 in
hepatocytes and stellate cells, as well as increased expression of
VEGFR-1 (Flt-1) and VEGFR-2 (Flk-1) in hepatocytes and sinusoid
endothelial cells. Binding of VEGF to VEGFR-1 on hepatocytes
stimulates autocrine-mediated proliferation of hepatocytes.
Hepatocyte proliferation is also mediated by the paracrine
activities of hepatocyte growth factor (HGF) and interleukin
(IL)-6, which are expressed by sinusoidal endothelial cells.
Activation of VEGFR-2 stimulates the proliferation of sinusoidal
cells. Over expression of VEGF is associated with increased of
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microvasculature formation and metastasis, but decrease in
apoptosis spontaneously. VEGFR-2 (Flk-1) is one of the main
mediators of the mitogenic and angiogenic processes occurring
in cell transformation and tumorigenesis [2]. High expression
of VEGFRs liver tissue correlates with clinical appearance
(hepatocytes inflammation, fibrosis and cirrhotic) and etiology
(hepatitis B virus) [3,4].
Excessive expression of tyrosine kinase receptors (TKRs) owing
to the activation of mutations or excessive expression of their
ligands (e.g., VEGF, PDGF, and epidermal growth factor [EGF])
affects the downstream signaling pathways. VEGFR-2 plays
dominant roles in the proliferation of endothelial cells, cell
migration, vascular permeability, and cell survival (decreased
apoptosis) through three pathways: the heat shock protein or
stress response signaling pathway, the Wnt pathway, and the
MAPK (RAS/RAF/MEK/ERK) signaling pathway. VEGFR-1 plays a
role in vasculogenesis and VEGFR-3 plays a role in lymphogenesis.
The MAPK pathway (RAS/RAF/MEK/ERK) is an important signaling
pathway involved in the proliferation of tumor, differentiation,
and apoptosis cells. The interactions between VEGF signaling
and stimulation of the MAPK pathway (RAS/RAF/MEK/ERK) in
angiogenesis, proliferation, and metastasis are illustrated in
(Figure 1) [5].
Besides stimulating of sinusoidal endothelial cells proliferation,
VEGF also stimulates the expression of protease-like collagenase,
matrix metalloproteinase, urokinase, and tissue-type plasminogen
activators. The activated sinusoidal endothelial cells may damage
the surrounding extracellular matrix to facilitate their migration
and then form new blood vessels. Other factors involved in the
regulation of angiogenesis include members of the angiopoietin
(Ang) and Tie families, particularly Ang-1, Ang-2, and the TKRs Tie-
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1 and Tie-2. The mechanisms of involving in the regeneration of
liver tissue in HCC include sprouting angiogenesis, intussuscepted
angiogenesis, vasculogenesis, vasculogenic mimicry, vessel cooption, and lymph–angiogenesis are illustrated in (Figure 2) [2].
Phenotypic changes in the DNA repair genes in liver cirrhosis
and fibrosis during active inflammation are associated with
progression to HCC. Hepatitis B and C virus may promote hepatocarcinogenesis directly and indirectly via accumulation of intra
cellular genetic mutations, but it is still unclear. The points
mutation are usually insertion or deletion at proto-oncogene and
tumor suppressor gene, these can influence to mismatch repair
gene in DNA host [6].
HBX-protein of hepatitis B virus (HBV) directly induces hepatocytes
carcinogenesis. The exon of retinoic acid receptor B and cyclin
A2 genes of HBV may integrate in proto-oncogenes sequence
regulator host, without disturbed to tumor suppressor genes
[6-9]. Indirectly host integrated of HBV in is caused by chronic
hepatocytes necro-inflammation, necrosis, and regeneration.
Hepatocytes infected with HBV bearing pre-S mutations (“ground
glass hepatocytes”) which contained of pre-S mutants’ deletion
in the endoplasmic reticulum can inhibit the cell’s physiologic
activities and activate VEGF-A expression in liver tissues. Because
of rapid cells regeneration, hepatocytes contained fixed specific
HBV DNA gene will be owned in other hepatocytes (“daughter
cells”). These cells may also be changed to pre-neoplastic cells
that have the high risk of HCC [6-10].
Hepatitis C virus (HCV) has not integrated in hepatocytes, but
HCV-core protein directly induce hepatocytes to carcinoma cells,
in spite of no sign of chronic hepatitis and cirrhosis, clinically.
Mechanism of HCV gene integrated in human genome and
promoted carcinogenesis, is similar with HBV. Proto-oncogenes
and growth-regulator genes are the integration sites that take
a role in tumorigenesis [11]. Hepatitis C virus can stimulate the
activity of the VEGF gene promoter by stabilizing the activity
of hypoxia-inducible factor-1, and inducing the expression and
secretion of the VEGF-A product [12].
Liver fibrosis is a common event in chronic liver disease and
cirrhosis because of the increased activity of growth factors (e.g.,
VEGF, α fibroblast growth factor [FGF], and βFGF) produced by
hepatocytes, and hyper-dynamic activity of the vasculature
caused by portal hypertension. Increases in the expression of
VEGF, VEGFR-2, and CD31, an endothelial cell marker of tissue
fibrosis, coupled with portal hypertension greatly increase the
risk of malignancy [13,14].

Figure 1 Interaction between VEGF, VEGFR-2, and sVEGFR-2 via
MAPK pathway (RAS/RAF/MEK/ERK signaling pathway).
The mitogen-activated protein kinase signaling pathway
(RAS/RAF/MEK/ERK) plays important roles in the
proliferation, differentiation, and apoptosis of malignant
cells. PDGF, platelet-derived growth factor; VEGF, vascular
endothelial growth factor; VEGFR, vascular endothelial
growth factor [2].

2

Polymorphisms of VEGF gene can influence to expression of
VEGF and VEGFR. Most of VEGF gene polymorphisms are located
at promoter, and few at 5’UTR, intron and 3’UTR. There is no
polymorphism located at coding region. Previous study revealed
that there are association between VEGF gene polymorphisms
with hyper expression of VEGF and VEGFRs in liver tissue and
blood (serum and plasma). VEGF gene polymorphisms are also
associated with clinico-pathologic, recurrence after surgery and
mortality rate. Although differ in location, genotype and allele
prevalence [15,16].
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differs from that in plasma, whereas the sVEGFR-2 concentration
does not differ markedly between serum and plasma [18-21].
To date, few studies have studied the potential of serum or
plasma VEGF and sVEGFR-2 concentrations as seromarkers for the
progression of chronic liver diseases (e.g., hepatitis B, hepatitis C,
and cirrhosis) to HCC. Additionally, based on our knowledge and
web journal searching, there are few studies have mentioned on
the relationship between the VEGF gene mutations, liver tissue
expression of VEGF and VEGFRs, and the soluble VEGF and
VEGFRs in chronic hepatitis and/or cirrhosis. Therefore, future
research should examine whether seromarkers of angiogenesis
and VEGF gene mutations can predict disease progression and
survival in chronic liver diseases.
Figure 2 Mechanism of sprouting angiogenesis in liver cells
regeneration and hepatocellular carcinoma. Malignant
transformation of hepatocytes may activate vascular
endothelial growth factor (VEGF) and platelet-derived
growth factor (PDGF). Hyper expression of VEGF can
induce VEGF signaling and angiopoietin/Tie signaling in
sinusoidal endothelial cells. Hyper expression of PDGF
can activate stellate cells and form new blood vessels
in conjunction with activated endothelial cells. PDGF,
platelet-derived growth factor; VEGF, vascular endothelial
growth factor [5].

Angiogenesis Soluble Factors (ASF)
The presence of ASF in plasma and serum is now accepted as a
sign of angiogenesis in liver disease. The development of lesions
in hepatocytes is a stage of angiogenesis, and the presence of
ASF is a critical sign linking both processes (Figure 3). Source cells
(SCs) in the liver differentiate into a variety of cell types, including
hepatocytes, Kupffer cells, infiltrating inflammatory cells, stellate
cells, endothelial cells, and epithelial cells. Pro-angiogenic
factor activates SCs and surrounding target cells (TCs), including
endothelial cells, pericytes, and epithelial cells. The signal of ASF
between the SCs and TCs can reach the systemic circulation, and
be detected in blood (serum and plasma) (Figure 4) [17].
VEGF and sVEGFR-2 are examples of ASF that have been used as
seromarkers for evaluating the efficacy of anti-VEGF therapies, in
which an increased serum VEGF concentration is followed by a
decreased sVEGFR-2 concentration, and the circulating sVEGFR-2
concentration is highly correlated with its expression in the
liver [17-19]. The serum VEGF concentrations in HCC and acute
hepatitis patients are higher than those in healthy or cirrhosis,
but the serum VEGF concentration in cirrhosis patients is lower
than that in healthy [17,20]. The serum VEGF and sVEGFR in
HCC patients can predict the overall survival and prognosis, and
also be used as biomarkers of anti-angiogenesis therapy and
predicting HCC relapse [19-21].
Soluble VEGFR-2 shows greater potential as a biomarker than
does in VEGF, because many factors affect the serum VEGF
concentration, such as: aggregation and non-aggregation of
thrombocytes, leukocyte activity, the release of cytokines,
extracellular matrix components, fibronectin, fibrin, and
thrombospondin-1. Accordingly, the VEGF concentration in serum
© Under License of Creative Commons Attribution 3.0 License

Figure 3 The potential of angiogenesis soluble factors (ASF) as
biomarker of angiogenesis.The development of lesions
in hepatocytes is an important stage in angiogenesis,
and the presence of angiogenesis soluble factors (ASF)
is a critical sign of both processes. The presence of ASF
in plasma or serum is indicative of ongoing angiogenesis
in liver disease. ASF, angiogenesis soluble factors; HBV,
hepatitis B virus; HCV, hepatitis C virus [17].

Figure 4 The dynamic of angiogenesis soluble factors (ASF).
Proangiogenic factors target source cells and surrounding
target cells, including endothelial cells, pericyte, and
epithelial cells. The angiogenesis soluble factors can reach
the systemic circulation and can be detected in serum.
ASF, angiogenesis soluble factors; Sys.Circ, systemic
circulation; TC, target cells; SC, source cells [17].

3

Journal of Hepatitis

References
1

Leppanen VM, Prota AE, Jeltsch M, Anisimov A, Kalkkinen N, et
al. (2010) Structural determinants of growth factors binding and
specificity by VEGF receptor 2. Proc Natl Acad Sci U S A. 107:
2425-2430.

2

Mendez-Sanchez N, Vasquez-Fernandez F, Zamora-Valdes D, Uribe
MS (2008) a systemic therapy for hepatocellular carcinoma. Ann
Hepatol 7: 46-51.

3

Jung JJ, Tiwari A, Inamdar SM, Thomas CP, Goel A, et al. (2012)
Secretion of Soluble Vascular Endothelial Growth Factor Receptor 1
(sVEGFR1/sFlt1) Requires Arf1, Arf6, and Rab11 GTPases. PLoS One
7: e44572.

4

Chu JS, Ge FJ, Zhang B, Wang Y, Silvestris N, et al. (2013) Expression
and prognostic value of VEGFR-2, PDGFR-β, and c-Met in advanced
hepatocellular carcinoma. J Exp Clin Cancer Res 32: 16.

5

Chen JA, Shi M, Li JQ, Qian CN (2010) Angiogenesis: multiple masks
in hepatocellular carcinoma and liver regeneration. Hepatol Int 4:
537-547.

6

Cha C, DeMatteo RP (2005) Moleculer mechanism in hepatocellular
carcinoma development. Best pract Res Clin Gastroenterol 19: 25-37.

7

Kew MC (1977) Hepatitis Viruses and Human Hepatocellulare
Carcinoma. Yale J Biology Med 70:119-125.

8

Murakami Y, Saigo K, Takashima H, Minami M, Okanoue T, et al. (2008)
Large scaled analysis of hepatitis B virus (HBV) DNA integration in
HBV related hepatocelullar carcinoma. Gut 54: 1162-1168.

9

Tamori A, Yamanishi Y, Kawashima S, Kanehisa M, Enomoto M, et
al. (2005) Alteration of Gene Expression in Human Hepatocellular
Carcinoma Integrated Hepatitis B virus DNA. Clin Cancer Res 11:
5821-5826.

10 Yeung P, Wong DK, Lai CL, Fung J, Seto WK, et al. (2011) Association of
Hepatitis B Virus Pre-S Deletions with the Development of Hepatocellular
Carcinoma in Chronic Hepatitis B. J Inf Dis 203: 646-654.
11 Sakakura C, Hagiwara A, Taniguchi H, Yamaguchi T, Yamagishi H, et al.
(1999) Chromosomal aberrations in human hepatocellular carcinoma

4

2015
Vol. 1 No. 1:4

associated with hepatitis C virus infection detected by comparative
genomic hybridization. Br J Cancer 80: 2034-2039.
12 Nasimuzzaman M, Waris G, Mikolon D, Stupack DG, Siddiqui A
(2007) Hepatitis C Virus Stabilizes Hypoxia-Inducible Factor -1 and
Stimulates the Synthesis of Vascular Endothelial Growth Factor. J
Virol 81:10249-10257.
13 Giatromanolaki A, Kotsiou S, Koukourakis MI, Sivridis E (2007)
Angiogenic Factor Espression in Hepatic Cirrhosis. Mediators
inflamm Article ID 67187.
14 Fernandez M, Semela D, Bruix J, Colle I, Pinzani M, et al. (2009)
Angiogenesis in liver disease. J Hepatol 50: 604-620.
15 Kong SY, Park JW, Lee JA, Park JE, Hong EK, et al. (2007) Association
between Vascular Endothelial Growth Factor Gene Polymorphism
and Survival in Hepatocelullar Carcinoma. Hepatology 46: 446-455.
16 Wu LM, Xie HY, Zhou L, Yang Z, Zhang F, et al. (2009) A Single
Nucleotine Polymorphism in the Vascular Endothelial Growth factor
Gene is Associated with Reccurence of Hepatocelullar Carcinoma
after Transplantation. Arch Med Res 40: 565-570.
17 Salcedo X, Medina J, Sanz-Cameno P, Garcia-Buey L, Martin-Vilchez
S, et al. (2005) Angiogenesis soluble factors as liver disease markers.
Aliment Pharmacol Ther 22: 23-30.
18 Ebos JML, Lee CR, Bogdanovic E, Alami J, Van Slyke P, et al. (2008)
Multiple circulating proangiogenic factors induced by sunitinib
malate are tumor-independent and correlate with antitumor
efficacy. Cancer Res 68: 521-529.
19 Zhu AX, Ancukiewicz M, Suopko JG, Sahani DV, Blaszkowsky LS, et
al. (2013) Efficacy, safety, pharmacokinetics and biomarkers of
cediranib monotherapy in advanced hepatocelullar carcinoma: A
phase II study. Clin Cancer Res 19: 1557-1566.
20 Akiyoshi F, Sata M, Suzuku H, Uchimura Y, Mitsuyama K, et al. (1998)
Serum Vascular Endothelial Growth Factor Levels in Various Liver
Diseases. Digestive Dis Sci 43: 41- 45.
21 Yoshiji HI, Noguchi R, Ikenaka Y, Kaji K, Shirai Y, et al. (2011) Soluble VEGF
receptor-2 may be a predictive marker of anti-angiogenic therapy with
clinically available safe agents. Oncology Letters 2: 69-73.

This article is available in: http://hepatitis.imedpub.com/archive.php

