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Hepatic alveolar echinococcosis is a zoonotic disease with a high incidence in

western China, particularly affecting plateau areas such as Qinghai, Tibet, and

Xinjiang. Research has indicated the presence of neovascularization in the

peripheral infiltration area of hepatic alveolar echinococcosis, with a strong

correlation between angiogenesis and vascular endothelial growth factor A

(VEGFA) and hypoxia-inducible factor 1-alpha (HIF-1a) overexpression. Given
the similarities between hepatic alveolar echinococcosis and liver cancer, current

research is focused on treating the disease by targeting related signaling

pathways using molecular drugs used for liver cancer. This article aims to

summarize the biological regulation of HIF-1a and VEGFA overexpression in

angiogenesis related to hepatic alveolar echinococcosis, as well as the impact of

the BMP9-ID1 signaling pathway on the expression levels of HIF-1a and VEGFA,

providing new insights for potential treatment strategies.
KEYWORDS
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1 Introduction

Hepatic alveolar echinococcosis (HAE) is a zoonotic parasitic disease caused by humans

or animals infected with metacestode larvae of Echinococcus multilocularis (1). This disease is

distributed globally, particularly in regions where animal husbandry is prevalent (2). The

Qinghai-Tibet Plateau in China is recognized as a high-incidence area for this condition (3,

4). HAE shares biological similarities with liver cancer, both being invasive in nature, hence

earning the nickname “insect cancer” (5). HAE is characterized by a prolonged incubation

period and insidious onset, often resulting in a diagnosis at an advanced stage. This can
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subsequently lead to complications, such as cirrhosis, jaundice, and

liver failure (6). The radical cure rate of HAE is notably low and poses

a significant threat to the health and safety of individuals (7).

Neovascularization has been found to form in the infiltration area

around the HAE lesion, and -inducible factor 1-alpha (HIF-1a),
vascular endothelial growth factor A (VEGFA), and vascular

endothelial growth factor receptor (VEGFR) signaling pathways

may be involved in this process. Because the biological

characteristics of liver cancer are similar to those of HAE, the

potential for applying molecular-targeted drugs for liver cancer

treatment to HAE has garnered significant research attention. This

has gradually become the focus of current research. Research on the

liver cancer signaling pathway has revealed that bone morphogenetic

protein 9 (BMP9) and inhibitor of DNA binding 1 (ID1) can activate

the expression of HIF-1a and VEGFA, which affects the angiogenesis

of liver cancer lesions (8). In healthy cases, BMP9 has antagonistic

proliferative and stabilizing effects on mature and healthy blood

vessels, but overexpressed BMP9 protein can promote the

angiogenesis of hepatocellular carcinoma (9). ID1 plays a negative

regulatory role in normal conditions, inhibits cell differentiation,

promotes tumor occurrence and angiogenesis. BMP9 and ID1 have

the effect of promoting angiogenesis in liver lesions, both of which

may be highly expressed in HAE lesions, and affect the expression

levels of HIF-1a, VEGFA and VEGFR. This process induces

angiogenesis around the HAE lesion. This review summarizes the

distribution characteristics of microvessel density (MVD) in HAE

lesions at this stage, the biological regulation of HIF1 a and VEGFA

overexpression in angiogenesis in HAE, and the related research

progress of the effect of BMP9-ID1 signaling pathway on HIF-1a and

VEGFA expression with the aim of elucidating new directions for

molecular biology research and molecular targeted therapies for HAE

(Appendix Table 1).
2 Distribution characteristics of MVD
in HAE lesions

2.1 Biological characteristics of HAE lesions

The pathologic structure of HAE is a myriad collection of small

vesicles, with a large body view of a single giant mass type, hard and

poorly demarcated from the surrounding tissue. He proliferates by way

of outgrowth or infiltration, constantly producing new vesicles that

penetrate deep into the tissue. It can not only directly invade

neighboring tissues and structures, but also metastasize to the

retroperitoneum and distant organs, such as the brain and lungs,

through lymphatic and blood transport (10). It can be seen that the

invasive mode of HAE is similar to that of Hepatic Cell Carcinoma

(HCC) which has the characteristic of metastasis to adjacent tissues and

organs, even to distant organs. Both HAE and HCC show dense

occupying foci in the unhepatic liver on imaging, so it is difficult to

differentiate between them by simple imaging. However, due to the

blood supply of HAE lesions, their centers often show irregular necrotic

liquefied cavities and scattered or irregular flaky calcified foci, while

HCC often has a rich blood supply in its center in order to maintain its
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persistent invasive properties, so the two are distinguished from each

other by various angiographic imaging tests. In addition,

immunological testing is an important auxiliary method for the

diagnosis and differential diagnosis of HAE, and the immunopurified

natural antigen 2b-methoxy-2-deethoxyphantomolin (Em2) has good

sensitivity (89.3%) and specificity (98%) for vesicular schistosomiasis,

whereas HCC often causes an increase in alphafetoprotein (AFP) (10,

11) (Appendix Table 1).

Measuring MVD in tumor tissue to reflect the degree of tumor

vascularization has become a reliable quantitative index for

evaluating tumor invasion and growth (12). Abundant blood

supply promotes malignant reproduction of tumor cells. HAE has

similar biological characteristics to malignant tumors in terms of

invasive growth and vascular invasion, and the invasion

characteristics of HAE are highly correlated with the activity of

echinococcosis around the lesion, which is called the “peripheral

zone.” New blood vessels provide a microenvironment for the

growth and proliferation of worms and maintain echinococcotic

activity (13, 14). The use of MVD as a reference for the degree of

infiltration of HAE lesions may allow precise assessment of the

vascular supply of lesions and provide a new means for

individualized treatment plans to improve long-term prognosis.
2.2 Imaging features of HAE lesions

Based on the differences in blood supply distribution in HAE and

using MVD as a reference, special imaging methods can indirectly

reflect the distribution of blood supply in HAE lesions as internal

(“lack of blood supply”) or peripheral (“rich blood supply”)

infiltration areas (15). With the continuous application of advanced

technologies such as color Doppler ultrasonography, computed

tomography(CT) perfusion imaging, positron emission computed

tomography, and magnetic resonance imaging for the diagnosis and

differential diagnosis of HAE, the study of microvascular density in

HAE lesions is also undergoing major developments (16). In recent

years, to verify the distribution characteristics of blood supply in HAE

lesions, Song T et al. (16, 17) used ultrasonography in combination

with MVD and found that there was a rich vascular supply in the

infiltrating and proliferating areas of HAE through correlation studies

in animal experiments, which revealed the pathologic characteristics

of HAE; Yao B et al. (18, 19) demonstrated that the peripheral

infiltration of human liver vesicular echinococcus granulose tissue

carries abundant blood flow signals by CT perfusion imaging; Zheng

J, Jiang Y, and other scholars evaluated the distribution of blood

supply in HAE by using dual-source and dual-energy CT, concluded

that the degree of lesion enhancement was positively correlated by

MVD, and the highest counts of MVD were found in the marginal

zone of HAE lesions, which further interpreted the distribution

characteristics of the blood supply of HAE lesions (20, 21).

Although using imaging techniques to study the microvascular

density of HAE lesions can only abstractly explain the “lack of

blood supply” and “rich blood supply” distribution characteristics

in HAE lesions, it also provides a basis for studying angiogenesis in

the infiltrating zones of HAE lesions (16–21) (Appendix Table 1).
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2.3 Proliferation of HAE lesions in relation
to angiogenic factors

Imaging and other methods have indicated that the “blood-rich”

character of the periphery of the infiltrated area of the HAE lesion

may be related to the neovascularization around the lesion area. At

the molecular biological level, there is a lack of evidence as to whether

this peripheral “blood-rich” character of HAE lesions is related to

neoangiogenesis. The nutritional supply of hepatic malignant tumors

is supported by neovascularization, and studies have demonstrated

that neovascularization is highly correlated with the increased

secretion of factors such as vascular endothelial growth factor

(VEGF) (22, 23). Angiogenesis-related signaling pathways have

become the main molecular basis of hepatocarcinogenesis. Based

on the signaling pathway studies of hepatic malignant tumors,

the study of the signaling pathway of peripheral vascular

neovascularization in HAE lesions has become a major putative

line in recent years. Some studies have demonstrated the existence

of neovascularization in the periphery of HAE, and it is suspected

that there is a correlation with the expression of factors, such as VEGF

and CD34 (24) (Appendix Table 1).
3 Relationship between the HIF-1a/
VEGFA/VEGFR pathway and the
proliferation of HAE lesions

3.1 Overview of the HIF-1a/VEGFA/
VEGFR pathway

Hypoxia inducible factor-1 (HIF-1) is a heterodimer composed

of two subunits, a and b, in which HIF-1a is the main component

of regulating hypoxia signal (25). Under hypoxia, HIF-1a binds to

HIF-1b to form an active HIF complex capable of initiating

transcription, which binds to the hypoxia-responsive element

(HRE) of hypoxia-responsive genes (e.g., VEGF, erythropoietin,

etc.) to recruit other transcription factors, triggering a series of

hypoxia-tolerant adaptive responses (26). The increased expression

of HIF-1a can regulate many downstream target genes. Target

genes regulated by HIF-1a play important roles in various aspects

of tumor cell energy metabolism, apoptosis, angiogenesis,

proliferation, and metastasis (27). The rapid proliferation of

malignant tumors places them in a long-term hypoxic state. To

adapt to the hypoxic environment, HIF-1a in human tissues will be

overexpressed to stimulate the downstream targets and participate

in the expression of tumor genes related to translation modification.

To meet its own energy metabolism requirements, the tumor tissue

promotes the formation of a large number of new blood vessels at

the lesion. Under hypoxic conditions, HIF-1a will be overexpressed

to participate in the proliferation, budding, and migration of

neovascular endothelial cells (28).

Vascular endothelial growth factor A (VEGFA) is a dimeric

glycoprotein that belongs to the VEGF family, which includes

VEGFB, VEGFC, VEGFD, and placental growth factor (PIGF).

VEGFA is the most effective vascular permeability mechanism
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inducer in the VEGF family. VEGFA enhances microvascular

permeability and induces angiogenesis by upregulating urokinase-

type plasminogen activator(uPA), tissue plasminogen activator

(tPA), and plasminogen activator inhibitor 1(PAI-1) expression

(29). However, the formation of new blood vessels is complex.

VEGFA induction must be mediated by receptors on the target cells.

Presently, the confirmed VEGF family of receptors includes

VEGFR1, VEGFR2, and VEGFR3. VEGFR1 and VEGFR2 are

primarily distributed in vascular endothelial cells (30). VEGFR3 is

often expressed in the lymphatic endothelial cells. There is a

complete MAP kinase-related pathway involved in the signal

transduction of VEGFR2, which can promote chemotactic

mitosis, thus playing a role in mediating the formation of new

blood (31). The stimulatory and inhibitory effects of VEGFR1 on

the VEGFR2 pathway remain controversial. In knockout

experiments of related animal models, a mouse model lacking the

VEGFR1 tyrosine kinase region and transmembrane region died

due to vascular malformations. During embryogenesis, VEGFR1

induces the binding of VEGFA to VEGFR2 to promote angiogenesis

(32). Studies have also shown that VEGFR1 inhibits endothelial cell

proliferation via the VEGFR2 signaling pathway (33). Although the

stimulatory and inhibitory effects of VEGFR1 are controversial, the

phosphorylation of VEGFR2 after VEGFA stimulation was

observed on all intact cell surfaces. This signaling pathway has

been shown to mediate neovascularization in a large number of

studies (29–33) (Appendix Table 1).

In a hypoxic environment, the expression of VEGFA and

VEGFR in the tissue is greatly increased, which may be related to

the continuous expression of hypoxia-inducible factors in the

hypoxic microenvironment (34). HIFs can be used as upstream

signaling factors to bind to the initiation regions of VEGFA and

VEGFR and increase their expression. Wang W (35) found that

there was a significant positive correlation between MVD and HIF-

1a and VEGF, as well as between HIF-1a and VEGF levels by

establishing an animal model of hepatocellular carcinoma, which

further proved that HIF-1a and VEGF play an important role in the

occurrence of hepatocellular carcinoma and participate in the

formation of new blood vessels in hepatocellular carcinoma. The

HIF-1a, VEGF and VEGFR signaling pathways may also be

involved in the formation of new blood vessels in the peripheral

infiltration area of HAE, which has similar biological characteristics

to those of hepatocellular carcinoma (Figure 1).
3.2 Expression of HIF-1a, VEGFA, and
VEGFR in the infiltration zone (surrounding
tissue) of HAE lesions

At present, with the deepening of HAE genomics research, many

scientists have found that the lesion and its peripheral infiltration

zone has rich microvascular density, and it has been proved by

experiments that HIF-1a, VEGFA, and VEGFR signaling pathway

may be involved in the formation of its microvessels and participate

in the occurrence and development of HAE (36–39). Zhang et al. (38)

found that MVD and VEGF in the lesion tissues of gerbils infected

with alveolar echinococcosis were highly expressed and were higher
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than those in the surrounding liver tissues by measuring MVD and

vascular endothelial growth factor in the liver alveolar echinococcosis

tissues of gerbils. The expression levels of MVD and VEGF in the

liver tissues around the lesions increased progressively with

prolonged onset time. The animal model test showed that there

was new angiogenesis in the liver alveolar echinococcosis lesions and

surrounding liver tissues, which was likely related to VEGF and other

related signaling factors. Jiang HJ (36) studied the role of VEGFA/

VEGFR2 in the angiogenesis of HAE inmice. The results showed that

VEGFA and VEGFR2 were mainly expressed in the fibrous

endothelial cell infiltration area between the outer cyst wall and the

liver cells and the inner cyst wall of multilocular echinococcosis,

which also indicate that neovascularization may occur in these two

areas. Immunohistochemistry and enzyme-linked immunosorbent

assay results showed that VEGFA plays an important role in early

and middle angiogenesis in Echinococcus multilocularis (39). In

animal studies, it has been found that angiogenesis-related factors

are highly expressed in HAEmodels, and the expression of VEGFA is

different in the lesions and surrounding liver tissues; however, there

are some differences in the expression levels of lesions and

surrounding liver tissues. Wang J et al. (37) found that the

expression of VEGF did not increase in 27 cases of human hepatic

alveolar echinococcosis by immunohistochemical analysis of VEGF

in 27 cases of human hepatic alveolar echinococcosis, which is

different from animal experiments. This may be due to the

incubation period of patients from infection to disease onset, which

usually takes years or even longer. We cannot exclude the possibility

that the expression of VEGF and other related factors increase with

disease progression.
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In conclusion, many studies have found that HAE lesions and

peripheral infiltration exhibit neovascularization and that MVD

and VEGF are highly expressed. Although there are some

differences in the expression of these indicators of angiogenesis in

HAE lesions and peripheral infiltration of the liver tissue, these

findings provide a new direction for the application of VEGF

signaling pathway-targeted drugs in the treatment of HAE to a

certain extent. Sang et al. (40) found that bevacizumab inhibited the

effect of VEGF and the formation of blood vessels in the treatment

of hepatic alveolar echinococcosis in rats via hepatic artery infusion

(Figure 1). There is still a blind spot in the understanding of the role

of HIF-1a, VEGF, and VEGFR signaling pathways in HAE, which

requires further in-depth research, which may provide a new way

for HAE vascularization research and anti-vascular treatment.
4 Regulation of HIF-1a/VEGFA
pathway expression by BMP9, ID1

4.1 Overview of BMP9, ID1

Bone morphogenetic proteins (BMPs) are members of the

transforming growth factor beta(TGF-b) superfamily, which play a

role in regulating cell growth and differentiation during embryonic

development (41). Bone morphogenetic protein 9(BMP9) is a

member of the BMPs family that is mainly secreted by hepatic

stellate cells and participates in a variety of biological processes,

including angiogenesis, iron balance, and energy metabolism.
FIGURE 1

Mechanism of BMP9 and ID1 signaling on HIF-1a/VEGFA/VEGFR2 signaling pathway.
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In the field of liver research, BMP9 can maintain the

polarization and function of hepatocytes under healthy conditions

and has an antagonistic proliferation and stability effect on mature

and healthy blood vessels. However, BMP9 overexpression

promotes angiogenesis of hepatocellular carcinoma. Studies have

shown that BMP9 is overexpressed in approximately 40% of

patients with hepatocellular carcinoma (42). Herrera et al. (43)

studied the effect of BMP9 on HCC cell line markers and cell

migration by measuring liver specimens and found that BMP9

could induce epithelial-mesenchymal transition(EMT) in HCC cell

lines by activating the smad1 pathway, making it a potential

promoter sequence of HCC. Researchers have also found that

BMP9 stimulation of liver cancer cells can trigger the

phosphorylation of Smad1/5/8 and upregulation of inhibitor of

differentiation-1 protein(ID1). This study also showed that BMP9

not only promotes the proliferation response but also plays an anti-

apoptotic role through chemical inhibitors, ligand trapping, and

gene silencing (44). BMP9 exhibits distinct functions under disease

and healthy conditions. In disease conditions, it not only promotes

the proliferation and survival of liver cancer cells but also induces

the transformation of epithelial cells into mesenchymal cells,

thereby promoting tumor progression.

Inhibitor of differentiation-1 protein (ID1) is a DNA-binding

inhibitor. ID1 is a member of the ID family, which plays a negative

regulatory role and inhibits cell differentiation (45). The ID1 protein is

rarely expressed in healthy humans, but a large number of ID1 proteins

with different characteristics can be found in tumors. ID1 has been

confirmed to inhibit cell differentiation, promote cell proliferation, and

promote tumorigenesis and angiogenesis (46). In particular, it

promotes tumorigenesis and angiogenesis, thereby providing a new

target for tumor treatment. Several studies have shown that ID1 is

highly expressed in most tumor tissues and is positively correlated with

tumor invasion and metastasis (47–49). Han et al. (47) detected the

expression of ID1 in gastric cancer tissues by immunohistochemistry

and western blotting. The expression level of ID1 protein in gastric

cancer tissues was significantly higher than that in surrounding tissues.

ID1 expression positively correlated with the degree of differentiation,

invasion, and metastasis of gastric cancer. The level of the ID1 protein

in gastric cancer tissues with a low degree of differentiation was higher

than that in gastric cancer tissues with a high degree of differentiation,

indicating that the expression of ID1 may be related to the occurrence

and development of gastric cancer. Similarly, in the field of liver cancer,

Matsuda Y et al. (49) showed that increased ID1 expression may be

involved in the early stages of liver cancer. At the same time, for the role

of ID1 in tumor angiogenesis, Ciarrocchi et al. (48) found that the lack

of ID1 in the bone marrow destroyed tumor angiogenesis, thereby

inhibiting tumor invasion and development, which indirectly verified

that ID1 may be involved in tumor angiogenesis.

BMP9 and ID1 play important roles in the occurrence,

development, and invasion of malignant tumors. Studies have

shown that BMP9 and ID1 are overexpressed in malignant liver

tumor tissues and play important roles in the angiogenesis of liver

cancer tissues (8, 9, 50). Although the specific regulatory

mechanism of the two is not clear, these findings undoubtedly

provide a new key for targeted therapy of liver cancer and lead to
Frontiers in Oncology 05
new thinking about whether the two may also be involved in the

development of HAE.
4.2 BMP9-ID1 can activate HIF-1a and
VEGFA expression

Angiogenesis is considered to be a key player in the development of

hepatocellular carcinoma. VEGFA is the primary stimulator of

angiogenesis, and VEGFA is the direct target of HIF-1a. Therefore,
targeting VEGFA and its upstream proteins has constituted a

promising new strategy for antiangiogenic therapy. Chen et al. (8,

50) found that BMP9 is a key factor in the induction of hepatocellular

carcinoma in a study of the hepatocellular carcinoma signaling

pathway. They found that BMP9-ID1 signaling promotes epithelial

cell adhesion molecule(EpCAM)-positive cancer stem cells by

activating Wnt/b-catenin signaling, which indicates that BMP9 and

ID1 may be involved in the occurrence and development of

hepatocellular carcinoma. Based on this, they further studied the

functional role of BMP9 signaling in HCC angiogenesis. They first

explored the correlation between BMP9 and angiogenesis proteins

VEGFR2 and HIF-1a in the cancer genome atlas (HCC) cohort and

demonstrated that BMP9 is involved in HCC angiogenesis. They

further studied the mechanism of BMP9-induced HIF-1a/VEGFA
expression and revealed that VEGFA was abundantly expressed in

ID1-expressing HCC cells. To confirm whether ID1 is involved in the

regulation of this signal transduction, they proved this conjecture by

ID1 silencing/overexpression experiments and found that ID1

enhanced the stability of HIF-1a protein in HCC cells. After, they

hypothesized that ID1 can induce the expression of HIF-1a and

VEGFA by regulating BMP9. Immunohistochemistry and protein

determination by knocking down ID1 protein revealed that ID1-

knockdown reduced BMP9-induced HIF-1a/VEGFA expression and

secretion. Overexpression of ID1 increased the expression and

secretion of HIF-1a/VEGFA protein and promoted the formation of

new blood vessel lumens. The discovery that BMP9-ID1 can activate

the expression of HIF-1a and VEGFA supports a new strategy for

developing targeted therapies for hepatocellular carcinoma. Although

the mechanism by which angiogenesis is promoted requires further

research, it is a new breakthrough in understanding the regulation axis

of the HIF-1a/VEGFA/VEGFR signaling pathway, thus supporting the

targeted treatment of hepatocellular carcinoma and of HAE owing to

its similarity with hepatocytes (Figure 1) (Appendix Table 1).
5 Summary and outlook

HAE is closely associated with angiogenesis. Through the

determination of MVD, it was found that the blood supply of HAE

lesions was characterized by an lack of internal blood supply and a

peripheral infiltration area rich in blood supply. Through a large

number of animal experiments and the study of the protein

expression of angiogenesis factors in human liver tissue, angiogenesis-

related factors were found to be highly expressed in the peripheral

infiltration area of HAE lesions; thus, angiogenesis in the peripheral
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infiltration area of HAE lesions may be highly correlated with the

conduction of HIF-1a/VEGFA/VEGFR signaling pathway. Due to the

similar biological characteristics between HAE and hepatocellular

carcinoma, the possibility of applying drugs targeting the

angiogenesis signaling pathway of hepatocellular carcinoma for the

treatment of HAE has garnered significant research attention. Some

studies have found that BMP9-ID1 can activate the expression of HIF-

1a and VEGFA in the blood supply of liver cancer, which provides a

new strategy for targeted liver cancer therapies. Similarly, it is possible to

use drugs that inhibit BMP9 and ID1 expression to treat HAE. There

remains a lack of evidence demonstrating that BMP9-ID1 activates the

expression of HIF-1a and VEGFA, and there are numerous problems

hindering the study of the signaling pathways involved in HAE

neovascularization. Targeted therapies for the treatment of HAE are

expected to be researched and developed further.
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Appendix
TABLE 1 List of acronyms and some of the antagonist targets.

HAE Hepatic Alveolar Echinococcosis

HCC Hepatic Cell Carcinoma

HIF-1 Hypoxia Inducible Factor-1

HIF-1a Hypoxia-inducible Factor 1-alpha

HIF-1b Aryl hydrocarbon Receptor Nuclear Translocator, ARNT1

VEGF Vascular Endothelial Growth Factor

VEGFA Vascular Endothelial Growth Factor-A

VEGFB Vascular Endothelial Growth Factor-B

VEGFC Vascular Endothelial Growth Factor-C

VEGFD Vascular Endothelial Growth Factor-D

PIGF Placental Growth Factor

VEGFR Vascular Endothelial Growth Factor Receptor

VEGFR1 Vascular Endothelial Growth Factor Receptor 1

VEGFR2 Vascular Endothelial Growth Factor Receptor 2

VEGFR3 Vascular Endothelial Growth Factor Receptor 3

BMPs Bone Morphogenetic ProteinS

TGF-b Transforming Growth Factor Beta

BMP9 Bone Morphogenetic Protein 9

ID1 Inhibitor Of DNA Binding 1

MVD Micro Vessel Density

CD34 CD34 Molecule

CT Computed Tomography

AFP Alphafetoprotein

Em2 A monomeric sesquiterpene lactone called 2b-methoxy-
2-deethoxyphantomolin

HRE Hypoxia-responsive Element

uPA Urokinase-type Plasminogen Activator

tPA Tissue Plasminogen Activator

PAI-1 Plasminogen Activator Inhibitor 1

EMT Epithelial-mesenchymal Transition

EpCAM Epithelial Cell Adhesion Molecule

Bevacizumab A humanized IgG1 monoclonal antibody that binds to all
VEGFA with high affinity and specificity

LDN-212854 BMP Inhibitor III -A potent and selective BMP receptor
inhibitor that acts on ALK2
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