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ABSTRACT
Vasohibin-1 is an intrinsic angiogenesis inhibitor, and is expressed in endothelial cells via induction by pro-
angiogenesis factors. It is known to inhibit several processes of angiogenesis, with different mechanisms from
extrinsic angiogenesis inhibitors. Vasohibin-2 is mainly expressed by mononuclear cells which have been
mobilized from bone marrow. It not only promotes angiogenesis, but also modulates the releases of FGF-2
and VEGF, which are the two major inducers for vasohibin1. Hypoxic environment induces the expression of
hypoxia-inducible Factor 1a with a result of VEGF release nearly in all tumor cell lines and tissues. However, it
has been observed that hypoxia reduces the inducible effects of VEGF on vasohibin, which indicates that a
complicated mechanism exists in the angiogenesis. Vasohibin and its family members play important roles in
both the physiological and pathological procedures, in contrary but complementary patterns. Furthermore,
human aortic smooth muscle cells and fibroblast have also been detected to express vasohibin on a
moderate to weak scale range. Recently, the results of an increasing number of studies in vivo have shown
that vasohibin can also be detected in several cancers, and is associated with micro-vessel densities,
histology grades, invasions, poor clinical features, metastasis, and dissemination in abdominal cavities, as well
as EMT. In more recent reports, it has been confirmed that, along with being angiogenesis regulators, a
variety of other roles have been associated with this family. The focus of this study was the upstream
regulatory mechanisms of vasohibin expressions, and their role in regard to the downstream target proteins
of vasohibin, especially in carcinoma. Vasohibin is considered to be an original angiogenesis inhibitor, and
has a much broader significance in pathological processes. It can be taken as an independent prognostic
factor, as well as a potential strategy for cancer therapy programs.
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Introduction

Angiogenesis is modulated by a balance between two groups:
the pro-angiogenic factors and the angiogenesis inhibitors. The
former group promotes angiogenesis or regulates vascular sta-
bility, and includes VEGF family members, angiopoietin family
members, fibroblast growth factor (FGF) family members, and
so on. The latter group has already been reported in previous
studies, including angiostatin, endostatin, thrombospondins,
angiopoietin-1, and transforming growth factor-b. The major-
ity of the angiogenesis inhibitors are extrinsic to the vascula-
ture. However, endothelial cells (ECs) have been found to
produce intrinsic angiogenesis inhibitors via induction by vas-
cular endothelial growth factors (VEGF), and are referred to as
Vasohibin-1 (VASH1). VASH1 has been found to inhibit the
migration and proliferation of ECs in cultures, and exhibits a
feedback anti-angiogenic activity in vivo.1,2 More recently,
VASH1 has been found to be down-regulated in the endothelial
cells which are known to be associated with aging.3

Splicing products of the vasohibins

The human VASH1 gene is located on chromosome 14q24.3,
and its 44 kDa protein is post-translationally processed into
several truncated forms.2 Also, the primary splicing product of
VASH1 has been referred to as VASH1A, and contains eight
exons composed of 365 amino acids. Meanwhile, an alternative

splicing product which lacks exons 6–8 was named VASH1B,4,5

and is composed of 204 amino acids. It is mainly presented in
the human umbilical vein endothelial cell (HUVEC) (Fig. 1).
Both of these isoforms, VASH1A and VASH1B, share the same
176 amino acids harboring a putative nuclear localization
sequence (NLS) in their N terminus. However, they completely
differ within the C-terminal protein region. Both the VASH1A
and VASH1B have at least two proteolytic cleavage sites in
each terminus. The biochemical and functional analyses of
VASH1 have revealed that some basic residue at the C-termi-
nus are important for heparin binding and anti-angiogenic
activities. The structural analyses have revealed that the
VASH1 protein neither contains a classical signal sequence typ-
ical of secreted proteins,6 nor colocalizes with the endoplasmic
reticulum (ER) marker calnexin. These findings imply that an
unconventional protein secretion (UPS) pathway exists in the
vasohibin secretion. In recent studies, the SVBP (small vasohi-
bin-binding protein) was observed to bind with vasohibin
within cells, and facilitated the secretion of the VASH.7 A more
recent study identified that the VASH191-180 and VASH280-
169 regions were essential domain architectures (VASH-PS) of
the VASH, and regulated the cytosolic punctate structure for-
mation in the absence of SVBP. This study further reported
that the SVBP formed a complex with VASH1 through
VASH1274-282 (SIa), VASH1139-144 (SIb), and VASH1133-137 (SIc),
which led to the dispersion in the cytosol, and the extracellular
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release of the VASH1. The amino acid sequences of VASH-SIa
and VASH-PS, which contain SIb and SIc, are highly conserved
among the VASH family members in vertebrates.8 These find-
ings suggested that SVBP-dependent UPS may be common
within the VASH family.

Another gene homologous to VASH1 was also found
through a DNA sequence search of genomic databases, and
was named Vasohibin-2 (VASH2).9 The gene for human
VASH2 is located on chromosome 1q32.3,10 and its protein is
composed of 355 amino acid residues (Fig. 1). The overall
homology between human VASH1 and VASH2 is 52.5% at the
amino acid level. Moreover, any known functional motifs of
VASH1 have also been found in the primary structure of
VASH2. It has been determined that VASH1 and VASH2 are
highly conserved among species.11 VASH2 is mainly expressed
in the mononuclear cells mobilized from bone marrow in order
to stimulate angiogenesis.12

Recently, VASH proteins were confirmed to be members of
the transglutaminase-like cysteine protease super-family, which
all possess a non-canonical Cys-His-Ser catalytic triad, and are
most likely activated in a calcium-dependent activation
mechanism.13

Vasohibins expressions and their regulation

Primitively, VASH1 is predominantly expressed in ECs in vitro,
and its mRNA expression is induced by stimulations with
angiogenic factors, such as the VEGF/VEGFR2 pathway, and
FGF-2 via PKC-d pathway activation4. The VEGF-induced
expressions of vasohibin in ECs can be reduced by some
inflammatory cytokines, such as TNFa, interleukin (IL)-1b,
and interferon (IFN)g.1,4 Although hypoxic conditions induce
VEGF release via HIF-1 activation. it has been observed to
inhibit the VEGF-stimulated vasohibin mRNA expressions,
along with protein synthesis in ECs. However, it has not been
found to affect the basal expressions of vasohibin4 (Fig. 2),
which suggests that a much more complicated mechanism exist
under than hypoxic conditions when compared with normoxic
conditions. The results of a study regarding the relationship
between the HIF-1a and VASH1 in human umbilical vein

endothelial cells (HUVECs) showed that H2O2-treatments
impaired VEGF induced vasohibin expressions, as well as
HUVECs growth. Also, the results of another study confirmed
that vasohibin elevated prolyl hydroxylase (PHD), which regu-
lates the prolyl hydroxylation of HIF-1a, and resulted in ubiq-
uitin-mediated proteasomal degradation14 (Fig. 3). The results
of this study potentially provide evidence for a triangular rela-
tionship among vasohibin, HIF-1, and VEGF in the modulation
of angiogenesis. VASH1 protein has been found to be exten-
sively presented in the ECs of developing humans and mice, as
well as chicken embryos. However, it has been found to fade in
post-neonates,9,15 implies that it has a vital role in the develop-
ment of vessels. The accumulated information indicates that
the range of VASH1 expressions is more extensive than the
original concept had presented. For example, human aortic
smooth muscle cells have shown weak expressions of vasohibin,
and have been induced to modest expressions by platelet
derived growth factors. Also, fibroblast cells have been observed
to express very low levels of vasohibin. However, these were
found to be unresponsive to FGF-2 stimulation. Furthermore,
weak expressions of vasohibin mRNA have been detected in
brain, heart, and even kidney cells, as well as in the keratino-
cytes of adult humans.1 Also, VASH1 protein was detected in

Figure 1. The VASH1 gene is located on chromosome14q24.3 and contains eight
exons with 5589 bp. The primary product of VASH1 was named VASH1A, and con-
tains 365 amino and 44 kDa. However, only 42 kDa have been detected and exhibit
antiangionenic activities. VASH1B contains five exons lacking exon 6–8, with
1459 bp and 204 aa. The VASH2 gene is located on 1q32.3, and contains 1–11
exons. The major transcript contains exons 1/2/4/5/6/8/9/11, with 3589 bp and
355 aa

Figure 2. The VASH1 is expressed in the termination zone of vessels in order to
stop angiogenesis. TNFa, TL-1b, and IFNg stop the role of VEGF induction. The
VASH2 is mainly presented at the sprout zone of vessels in order to promote
angiogenesis. Under hypoxic conditions, the VEGF is up-regulated by HIF-1a. Also,
VASH1 increases the PHD levels, which promotes the degradation of HIF-1a

Figure 3. ROS and stress induces the death or damage of endothelial cells. The
endogenous VASH1 improves the stress tolerance of endothelial cells to ROS and
stress by up-regulating the expression of SOD2 and SIRT1. Also, HuR modulates
both the transcription and post transcription of the VASH1
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propagated monocyte-derived macrophages, and cultivated
cardiac myocytes in vitro,5 as well as in freshly prepared periph-
ery blood mononuclear cells samples, and the striated muscles
of adult rats.16 These findings suggested the existence of a rela-
tively extensive expression profile for the VASH1 protein.

The endogenous expressions of VASH2 in cultured ECs
have been observed to be very low, and independent of VEGF
induction. However, they have been found to be highly pre-
sented in bone marrow-derived mononuclear cells.16 Similar to
VASH1, VASH2 proteins have been comparably detected in
the ECs of the developing organs of embryos,9 and were
observed to be diffusely expressed in the ECs of embryonic
organs during mid-gestation. After that time point, they were
determined to become faint. However, they persisted to a cer-
tain extent from the late-gestation to neonate stages,9,12 which
is consistent with the increased demand of angiogenesis before
the neonate stage, and the decreased demands after birth.

Role of vasohibins in pathological processes

Purified VASH1 proteins have been found to inhibit the migra-
tion and network formation of HUVECs in vitro,12,18 and also
exhibit anti-lymphangiogenic activities.19 Moreover, endoge-
nous VASH1A has been found to display anti-angiogenesis
effects. However, it has been observed that recombinant
VASH1A proteins did not inhibit cell proliferation, tube forma-
tion, or vessel growth in chick chorioallantoic membrane
(CAM) assay in vivo, or significantly decrease the migration of
human endothelial cells in scratch assays in vitro. In contrast,
VASH1B proteins have been determined to inhibit cell growth
of both endothelial colony forming cells from peripheral blood,
and HUVECs and cell migration in scratch assays, as well as
tube formations in matrigel assays, and blood vessel formation
in CAM assays. Furthermore, the adenoviral overexpression of
VASH1B, but not VASH1A, has resulted in inhibitions of
endothelial cell growth, migration, and capillary formation.
These findings imply that there is a probability that VASH1B
may be an active form of VASH1A after the splicing of exons
6–8. Interestingly, the overexpression of VASH1A and
VASH1B was found to induce apoptosis in proliferating human
fibroblasts. However, they did not affect the cell growth of
keratinocytes.5

Human VASH2 takes 52.5% overall homology to VASH1 at
the amino acid level, and contains all the known functional
motifs of VASH1 in the primary structure. VASH2 regulates
angiogenesis in a contradictory way from VASH1. VASH1 is
mainly expressed in ECs in the termination zone which halts
angiogenesis, and it has been observed that VASH1 (-/-) mice
contained numerous immature micro vessels in the area where
the angiogenesis should have been terminated.12 VASH2 is
mainly expressed in the front of the sprouting zone and stimu-
lates angiogenesis.12 It has also been observed that the fetal vas-
cular areas were significantly decreased in VASH2 (-/-) mice,
which indicated that both VASH1 and VASH2 had played roles
in a contradictory but a complimentary manner. Previous stud-
ies in placenta found that VASH1 was expressed in ECs.
Whereas, the VASH2 was selectively localized in the tropho-
blasts of the placenta,19 which demonstrated the different roles
of both vasohibins. These results correlated well with the anti-

angiogenic function of VASH1 as an autocrine factor, and the
pro-angiogenic function of VASH2 as a paracrine factor.20

However, there some other studies have shown that exogenous
VASH2 exhibited anti-angiogenic activities in the corneas of
mice,18 and also inhibited network formations by HUVECs
with a potency equivalent to VASH1.9

It has been determined that angiogenesis inhibitors generally
induce EC death and vascular regression. However, it has been
found that VASH1 not only inhibits angiogenesis, but also
enhances the maintenance of ECs by strengthening the resis-
tance against stresses via up-regulating the expression of super-
oxide Dismutase 2, which is an enzyme known to quench
reactive oxygen species (ROS), and the synthesis of Sirtuin 1
(SIRT1), which is an anti-aging protein. These functions
improve stress tolerances,21 which implies that a differential
mechanism of angiogenesis inhibition exists from the others
(Fig. 3).

Vasohibins associated with carcinomas

The angiogenesis modulation of VASH is involved in several
pathological processes, such as atherosclerosis,22 age-dependent
macular degeneration (AMD),23 and diabetic retinopathy,24 as
well as several forms of cancer.18,25–27 The dysregulation of
angiogenesis is one of the hallmarks of cancer. Tumor vessels
are histopathologically different from normal vessels, and are
characterized by irregular diameters, abnormal branches,
loosely interconnected endothelial cells, abnormal pericytes,
and structural abnormalities in the basement membranes.
Angiogenesis is a fundamental step in the transition of tumors
from benign to malignant, and further supports its growth,
invasion, and metastasis. The results of a recent study regarding
an animal model for spontaneous adenomatous polyposis and
subsequent adenocarcinoma, which is a process termed as the
adenoma-carcinoma sequence,28 showed that the morphologi-
cal changes in the blood vessels occurred earlier than the malig-
nant changes in the epithelium of the intestinal lesions. These
findings suggested that angiogenesis patterns may play a critical
role in the development and growth of benign tumors during
multi-step carcinogenesis.29

As a critical angiogenesis regulator, VASH1 has also been
involved in tumor angiogenesis inhibition, and the prevention
of tumor growth and metastasis in animal tumor models with
lung carcinoma18,19 and hepatocellular carcinoma.30 Further-
more, a negative correlation of stromal VASH1 levels with
tumor sizes, advanced clinical stages, and distant metastases,
has been confirmed in colon cancer patients.31 Moreover, it is
known that cancer cell-derived VASH1 can directly inhibit cell
growth, adhesion, and migration in vitro. It can also control
tumorigenesis and metastasis in vivo,31 which corresponds with
EZH2, a member of the polycomb group (PcG) proteins, and
the silenced VASH1 expression in ovarian cancers has been
determined to worsen the prognosis.33 In addition, the
VASH1-A expressions in tumor cells were found to signifi-
cantly induce cell senescence. Also, the VASH1-B expressions
dramatically induced apoptosis in colon cancer cells,31 which
was consistent with the inhibition of DNA synthesis, and
induced apoptosis of endothelial cells by VASH1-B.5 The
results of the aforementioned studies strongly indicated that

CANCER BIOLOGY & THERAPY 829



VASH1 plays a complicated inhibitory role in malignant tumor
behavior.

However, there have been some contradictory reports, such
as the VASH1 positive ratio being a measure of the neovascula-
rization in breast tissue, and a strong predictor of accentuated
aggressive behaviors and microvascular invasions,34 as well as
influencing the response to adjuvant chemotherapy, such as
tamoxifen.27 The expressions of VASH1 in hepatocellular carci-
nomas were found to exhibit increases after curative surgery,
and it has been suggested that they are closely related to micro
vessel densities and poor clinical outcomes. These findings
have implied that up-regulated VASH1 levels may be an inde-
pendent prognostic indicator of ‘shorter disease-free survival’,
and ‘overall survival’.35 In practical applications, the VASH1
expressions can be taken as a novel prognostic marker in sev-
eral cancers, including breast cancer,26 renal cell carcinoma36

lung cancer,37 upper urinary tract urothelial carcinoma,38 and
hepatocellular carcinoma35,39 according to the retrospective
analyses of the relationships between the clinicopathological
features and the VASH1 expressions of cancer patients.

VASH2 is mainly expressed in the sprouting zone front of
ECs in order to stimulate angiogenesis,12 and is also expressed
in some cancers with a major role of promoting angiogenesis,
malignant transformations, and metastasis. For example,
VASH2 expressions in certain ovarian cancers were found to
promote tumor growth and peritoneal dissemination by stimu-
lating tumor angiogenesis.17 Furthermore, in hepatocellular
carcinoma cells (HCCs) and tissues, these expressions were
determined to accelerate HCC angiogenesis and malignant
transformations37. Finally, in pancreatic ductal adenocarci-
noma, these expressions enhanced tumor progression, and
were found to be associated with poor clinical outcomes.41 The
knockdown of VASH2 significantly attenuated tumor growth,
as well as the peritoneal dissemination of ovarian cancers,17

and suppressed tumor growth by inhibiting angiogenesis in
endometrial cancer cells.42 VASH2 was also expressed by the
late stage adenoma of colon and spontaneous adenocarcinoma
cells around tumor vessels in ApcMin/C mice. Furthermore,
the inhibition of VASH2 normalized abnormal tumor vessels
in adenocarcinoma.29 It was also revealed in a recent study that
Vasohibin 2 promotes human luminal breast cancer angiogene-
sis via transcriptional activation of fibroblast growth factor 2.43

The up-regulation of VASH2 by miR-200 was determined to
promote EMT in hepatocellular carcinoma44 and human breast
cancer, via the activation of transforming growth factor b 1,
and hypoxia dependent repression of GATA-binding factor 346

(Fig. 4). The results of all the above mentioned studies sug-
gested that the inhibition of the VASH2 expressions could
potentially become a strategy for future cancer therapy.

Although VASH1 is induced by a pro-angiogenesis factor,
VASH2 has been found to enhance the expressions of FGF-2
and VEGF by nuclear factor-kB up-regulation in hepatocellular
carcinoma (HCC) cells via an autocrine and paracrine mode40

and breast cancer.45 These findings imply a potential correla-
tion between VASH1 and VASH2. Furthermore, VASH2 has
displayed a potential role in apoptosis. For example, the up-reg-
ulation of VASH2 in hepatocellular carcinoma distinctly
decreased the wild type p53 protein levels, and suppressed the
expressions of the pro-apoptotic protein Bax and cleaved

caspase-3 (CC-3).40 VASH2 also appears to have a role in epi-
thelial, in regard to the mesenchymal transition in ovarian
serous adenocarcinoma cells. Furthermore, VASH2 expressions
have been inversely correlated with the expression of miR-
200b46, which is known to repress the expression of ZEB1 and
ZEB2, which are the key products for epithelial to mesenchy-
mal transitions. It is also believed that the overexpression of
VASH2 may promote EMT via increasing the levels of vimen-
tin, MMP2, and CXRC444 (Fig. 4), activating ZEB1/2 (core
transcriptional factor), and decreasing E-cadherin levels. In
brief, decreasing VASH2 levels may promote apoptosis, as well
as suppress EMT.

Although normal epithelial cells do not express vasohibin,
an increasing number of cancer cells have been found to
express vasohibin. The possible mechanism may be mediated
by the methylation of its promoter region, or decreasing mir-
200b, such as VASH2.17,47 Recently, a neutralizing monoclonal
antibody (mAb clone 1760) was established against human
VASH2, which was found to almost completely inhibit the
stimulatory effects of hVASH2 on the migration and tube for-
mation by ECs. Also, the peritoneal injection of the clone
1760 antibody was determined to inhibit both the tumor
growth and angiogenesis of a mouse xenograft model of human
cancer cells, which suggested that it has a potential for future
applications in anti-cancer treatments.48 Moreover, VASH1
mutations have been observed in colon, rectal, and lung cancer
tissues.49

Conclusions

It was concluded in this study that, although the results of a
large number of studies have shown that VASH proteins may
be potential candidates for anti-angiogenic therapies, some
questions have been revealed in regard to the clarity of these
potentials, such as the unclear role of VASH receptors and
downstream signaling. Therefore, the entire role of the VASH
proteins requires further investigation in future analyses. The

Figure 4. The VASH2 is released by both human aortic smooth muscle cells, and
placenta trophoblasts, via PDGF. In a vice-versa manner, it decreases the release of
VEGF and FGF2. The VASH2 is silenced by EZH2, and is trans-activated by Mic-
200b, in order to promote EMT via vimentin up-regulation and E-cadherin down-
regulation. This results in decreased apoptosis via the down-regulation of the
wild-type of p53, Bax, and CCP-3; promotes invasions via the up-regulation of
MMP2, CXRC4, and TGFb1; and regresses the GATA-binding factor.
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future observations, especially in regard to forms of cancer,
could potentially indicate that vasohibins may have functions
which go beyond their role in angiogenesis.
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