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Abstract
Angiogenesis is the formation of new blood vessels from
pre-existing ones, and it plays a pivotal role in both the
initiation and spread of cancer. Microorganisms have been
recognized as influential regulators of angiogenesis, with
certain strains fostering (angiogenic) while others

this

According to recent studies, microbes can control

impeding (antiangiogenic) biological process.

angiogenesis via various pathways, making them
intriguing options for therapies meant to prevent cancer
growth. This review provides a comprehensive overview of
current understanding regarding how microbes modulate
angiogenesis in cancer. It emphasizes the involvement of
different bacterial and fungal species and elucidates the
mechanisms through which they exert their effects. This
review addresses how numerous microbes produce
diverse bioactive substances that suppress the BCL-2
gene, leading to the disruption of mitochondrial outer
membranes. Consequently, the release of cytochrome c
from mitochondria serves to inhibit angiogenesis through
the formation of the apoptosome, a complex involving
cytochrome c, Apaf-1, and procaspase-9, which catalyzes
the activation of caspases. Ultimately, this cascade of

events culminates in programmed cell death, thereby
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impeding the process of angiogenesis. Some bacteria
produce proteins like basic fibroblast growth factor (bFGF)
and vascular endothelial growth factor (VEGF), promoting
certain  bacteria  induce

angiogenesis  whereas

angiogenesis by decreasing microRNA-203a levels,
leading to increased production of proangiogenic factors
which facilitates angiogenesis. Proangiogenic bacteria
show promise in tissue regeneration and addressing vision
impairment. These findings indicate potential for novel
strategies to improve healing and vision in patients with
additional

investigation is required to refine the effectiveness and

diverse medical conditions. Nevertheless,
safety profiles of these bacterial-derived therapies for
eventual clinical implementation. This review highlights
the yet-to-be-explored capacity of microorganisms in
through the

angiogenesis, paving the way for innovative therapeutic

cancer treatment suppression  of

strategies that could yield highly potent anti-cancer
medications.
Keywords: Antibiotic resistance, Nosocomial infections, ICU morbidity,

Multidrug-resistant bacteria, Empirical antibiotic therapy

1. Introduction

Angiogenesis, the process by which pre-existing blood vessels give
rise to new ones, is essential to the development of cancer (Kerbel,
2008; Jain, 2014). Tumor angiogenesis makes it easier for the

expanding tumor to get oxygen and nutrients, which helps it to
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spread and elude the immune system. Anti-angiogenic therapies,
which block the growth of blood vessels supplying the tumor, have
become a promising way to target the progression of cancer
(Folkman, 1995). Unfortunately, the clinical usefulness of currently
available anti-angiogenic agents has been limited due to their side
effects and the emergence of drug resistance (Hanahan &
Weinberg, 2011). Lately, lowering cholesterol through microbial-
mediated angiogenesis modulation has become a viable strategy for
developing anti-cancer therapeutics (Chang et al., 2017; Kerbel et
al., 2011; Nafsi et al., 2024).

Angiogenesis is the process of creating new blood vessels from pre-
existing ones is known as angiogenesis, and it is essential in the
development of many physiological and pathological conditions,
including cancer (Belkaid & Hand, 2014). Angiogenesis facilitates
the continuous supply of nutrients and oxygen needed for the
growth and metastasis of solid tumors (Bergers & Benjamin, 2003).
Furthermore, angiogenesis contributes to tissue repair and wound
healing. (Carmeliet & Jain, 2000; Fakruddin et al., 2022a)

Vascular endothelial growth factor (VEGF) and fibroblast growth
factor (FGF) are two examples of the signaling pathways that are
activated during the highly regulated process of angiogenesis
(Ferrera, 2002; Carmeliet & Jain, 2011a). The development and
progression of diseases like cancer can be attributed to the
dysregulation of these pathways, which can result in excessive
angiogenesis (Carmeliet & Jain, 2011b; Al-Rawi et al., 2023)

To summarize, angiogenesis is a multifaceted process that involves
the creation of new blood vessels from pre-existing ones. It is
essential for the development and spread of solid tumors and is also
involved in tissue repair and wound healing. Angiogenesis
dysregulation has been linked to a number of illnesses, including
cancer.

2. The role of angiogenesis in cancer development

Angiogenesis is a crucial factor in the initiation and advancement
of cancer. Angiogenesis, the process of creating new blood vessels,
facilitates the continuous supply of nutrients and oxygen needed for
the growth and metastasis of solid tumors (Belkaid & Hand, 2014).
Furthermore, angiogenesis contributes to the capacity of cancer
cells to invade and spread to different areas of the body (Bergers &
Benjamin, 2003).

Excessive and aberrant blood vessel formation in tumors can result
from dysregulation of angiogenesis, which fosters tumor growth
and invasion (Carmeliet & Jain, 2000). The upregulation of pro-
angiogenic factors, such as basic fibroblast growth factor (bFGF)
and vascular endothelial growth factor (VEGF), frequently
mediates this (Carmeliet & Jain, 2011a). Furthermore, the
production of extracellular matrix proteins and the activation of
signaling pathways like the hypoxia-inducible factor (HIF) pathway
are two more ways that the tumor microenvironment can affect

angiogenesis (Carmeliet & Jain, 2011b).

With the advent of medications that block pro-angiogenic factors
like VEGF, targeting angiogenesis has grown in importance as a
therapeutic approach for the treatment of cancer (Cerimele et al.,
2003).
effectiveness of these agents in preventing tumor growth and

metastasis (Chang et al., 2017).

Preclinical and clinical studies have demonstrated the

3. The potential of angiogenesis modulation for cancer
treatments

Modulating angiogenesis has become a viable treatment approach
for cancer. Anti-angiogenic treatments can starve tumors of the
nutrients and oxygen they require to grow and spread by preventing
the growth of new blood vessels (Sherwood et al., 1971). Anti-
angiogenic drugs have been demonstrated in clinical trials to
enhance overall survival and progression-free survival in patients
with specific cancer types (Potente et al, 2011). However, the
emergence of resistance and unfavorable side effects like bleeding
and hypertension may restrict the effectiveness of these treatments
(Jain et al., 2009).

To get around these restrictions and maximize the therapeutic
potential of angiogenesis modulation, a number of strategies are
being researched. To increase efficacy and decrease resistance,
combination therapies that target several signaling pathways
involved in angiogenesis are being investigated (Lei et al., 2022).
Additionally, new anti-angiogenic drugs that focus on various
like

normalization, are being developed (Ferrara & Adamis, 2016).

angiogenic  processes, lymphangiogenesis and vessel
Furthermore, in an effort to enhance treatment outcomes,
personalized medicine strategies that take into account unique
patient attributes like immune and genetic profiles are being
investigated (Jang et al., 2018)

Angiogenesis modulation has promising potential for treating
cancer, despite certain obstacles. It is anticipated that ongoing
studies and clinical trials will enhance and optimize these
treatments to enhance patient outcomes.

4. The need and demand of novel metabolites and bio actives
modulating angiogenesis as anti-cancer therapeutics
Angiogenesis is the process by which preexisting blood vessels
divide to form new ones, and it is essential to the growth and
metastasis of tumors. As a result, focusing on angiogenesis has
become a viable cancer treatment approach (Bhatt et al., 2017;
Naidu et al., 2024). Although there are a number of anti-angiogenic
medications on the market today, their effectiveness is restricted,
and resistance may eventually arise (Carmeliet & Jain, 2011a; Al-
deeb et al., 2021). Novel therapeutics that can control angiogenesis
and get around drug resistance are therefore required.

The microbiome is one possible source of new anti-angiogenic
compounds. Numerous bioactive metabolites that have the ability
to control host angiogenesis have been demonstrated to be

produced by the gut microbiome (Gouda et al., 2016; Fakruddin et
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al., 2023). For instance, preclinical research has demonstrated that
the production of secondary bile acids, which are produced by
certain gut microbes, inhibits angiogenesis (de Menezes et al.,
2023). Furthermore, some gut microbes have the ability to produce
short-chain fatty acids (SCFAs), which have the ability to control
the activity of regulatory T cells, which are implicated in
angiogenesis (Francescone et al., 2014; Amin et al., 2023).

All things considered, the discovery and synthesis of new
metabolites and bio actives with the ability to influence
angiogenesis offers a viable path toward the creation of anti-cancer
medications.

5. Microbial-mediated angiogenesis modulation

The human gut microbiome is essential for controlling immunity
and host metabolism. An imbalance in the gut microbiome known
as dysbiosis has been connected to a number of illnesses, including
cancer (Dabrowska & Witkiewicz, 2016). Tumor angiogenesis is
known to be significantly influenced by host cholesterol
metabolism, which is modulated by the gut microbiome (Tran et
al., 2022). The biosynthesis of steroid hormones, such as estrogen,
which can encourage the growth of tumors, requires cholesterol as
a precursor. Furthermore, cholesterol may facilitate the activation
of angiogenesis-regulating
PI3K/AKT/mTOR pathway (Zhu et al.,, 2019).

demonstrated

signaling pathways like the

Numerous investigations have that tumor

angiogenesis can be suppressed by microbially mediated
modifications of host cholesterol metabolism. The production of
short-chain fatty acids (SCFAs) by the gut microbiome, for
instance, has been demonstrated to lower host cholesterol levels by
promoting the excretion of cholesterol and inhibiting its synthesis
(Nafsi et al., 2024). The activity of regulatory T cells, which can stop
tumor growth and angiogenesis, can also be modulated by SCFAs.
Furthermore, some bacteria in the gut can create secondary bile
acids, which have the ability to control the host's metabolism of
cholesterol and prevent angiogenesis (Zhu et al., 2019).

5.1. The mechanisms of microbial induced angiogenesis

The process by which microorganisms encourage the development
of new blood vessels in the tissues of their hosts is known as
"microbial-induced angiogenesis."  This mechanism can be
advantageous or disadvantageous based on the situation. The
mechanisms underlying microbially-induced angiogenesis are
summarized as follows:

Release of Pro-Inflammatory Cytokines: Microbial infections result
in the release of pro-inflammatory cytokines, including interleukin-
1 (IL-1), interleukin-8 (IL-8), and tumor necrosis factor-alpha
(TNF-a). These cytokines start the inflammatory process, which
draws immune cells and causes the angiogenic factors to be
produced (Wan et al., 2021).

Production of angiogenic factors: Microbes have the ability to either

directly or indirectly stimulate the production of angiogenic factors,

which include matrix metalloproteinases (MMPs), fibroblast
growth factor (FGF), and vascular endothelial growth factor
(VEGF). These elements encourage endothelial cell migration,
proliferation, and differentiation, all of which are critical for the
development of new blood vessels (Yoda et al., 2013).

Extracellular matrix remodeling: Certain microbes have the ability
to secrete enzymes that break down the extracellular matrix
surrounding blood vessels. One such enzyme is called an MMP.
New blood vessel elongation and sprouting are facilitated by this
remodeling process (Schirbel et al., 2013).

Induction of host signaling pathways: Certain signaling pathways,
such as the phosphatidylinositol 3-kinase (PI3K)/Akt pathway and
the mitogen-activated protein kinase (MAPK) pathway, can be
triggered in host cells by microbes. These pathways support
endothelial cell survival and proliferation, which helps to regulate
angiogenesis (Uusi-Mikeld & Ridmet, 2018).

Immune cell recruitment and activation: Immune cells such as
neutrophils and macrophages are drawn to the infection site by
microbial infections. By releasing cytokines and growth factors,
these immune cells can stimulate the growth of blood vessels and
release angiogenic factors (Vieira et al., 2013).

Direct contact with endothelial cells: Toxins or surface molecules on
some microbes interacts with endothelial cells directly, causing
angiogenic reactions. As an illustration, some bacterial
lipopolysaccharides (LPS) can cause endothelial cells to secrete
factors that promote angiogenesis (Sevcikova et al., 2023). It is
crucial to remember that although microbially induced
angiogenesis can aid in tissue repair and wound healing, it can also
hasten the course of some illnesses, including persistent
inflammation and tumor growth.

5.2. The examples of microorganisms modulating angiogenesis
Numerous mechanisms have been demonstrated by
microorganisms to modulate angiogenesis. As an illustration, some
bacteria secrete pro-angiogenic factors like VEGF, whereas other
bacteria produce anti-angiogenic factors like endostatin (Bhatt et
al.,, 2017).

According to one study, the probiotic strain Lactobacillus
rhamnosus GG promoted angiogenesis by producing more VEGF
and fibroblast growth factor (FGF) in a mouse model of colorectal
cancer (Dehghani et al.,, 2020). In a different investigation, it was
discovered that the bacterium Helicobacter pylori stimulates
angiogenesis in gastric cancer by upregulating the expression of
matrix metalloproteinase-9 (MMP-9) and VEGF (Malespin-
Bendana et al., 2023).

However, it has been discovered that some bacterial strains prevent
angiogenesis. For instance, in a mouse model of melanoma, the
probiotic strain Bifidobacterium bifidum produced the anti-
angiogenic factor endostatin, which inhibited angiogenesis

(Procaccianti et al., 2023). In a similar vein, it was discovered that
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the commensal bacteria Lactobacillus acidophilus prevented
angiogenesis in a mouse model of breast cancer by producing
pigment epithelium-derived factor (PEDF), an anti-angiogenic
factor (Adiyoga et al., 2022).

Furthermore, it has been discovered that fungi metabolites
influence angiogenesis. For instance, the fungus Aspergillus
fumigatus produces the metabolite fumagillin, which targets
endothelial cells to inhibit angiogenesis (Guruceaga et al., 2021).
Overall,

angiogenesis by producing pro- and anti-angiogenic factors, which

these findings imply that microbes can control

may have effects on the onset and course of a number of illnesses,
including cancer.
5.2.1 Mechanisms employed by microbes to inhibit angiogenesis:

Lactobacillus rhamnosus GG

Lactobacillus rhamnosus is helpful in the treatment of cancer
because it has probiotic qualities and the ability to degrade
carcinogens. According to a number of researches, Lactobacillus
rhamnosus may help shield against esophageal and colon cancers
(Hashemi-Khah et al., 2022). Moreover, it can inhibit the
transformation of procarcinogens into carcinogens and increase
anti-cancer enzymes (Hashemi-Khah et al, 2022). By down-
regulating BCL-2 genes and up-regulating BAD, BAX, Caspase3,
Caspase8, and Caspase9, Lactobacillus rhamnosus GG induces
apoptosis (Rajoka et al., 2019). Research revealed that Lactobacillus
rhamnosus supernatant inhibited HT-29 cancer cell growth in a
time- and dose-dependent manner (Rajoka et al., 2019). Bacterial
supernatant activated genes involved in programmed cell death,
including caspase-3, caspase-9, and Bax. Moreover, they led to the
downregulation of Bcl2 and a reduction in the expression levels of
the ERBB2 gene, cyclin D1, and cyclin E (Figure-1). Cancer cells
were consequently stopped at the GO/GI1 stage of the cell cycle
(Dehghani et al., 2020).

Bifidobacterium bifidum

The human digestive tract is frequently colonized by the probiotic
and commensal bacterium Bifidobacterium bifidum. According to
a study, it can prevent colon cancer by up- and down-regulating
pro- and anti-apoptotic genes, which exhibit anticancer activity on
colorectal cancer cells (Konishi et al., 2016). The expression levels
of the pro-apoptotic genes Caspase 3 and Caspase 8 increased,
whereas the expression of the anti-apoptotic gene Bcl-2 decreased,
in colon cancer cell lines treated with bacterial cell-free supernatant
(Procaccianti et al.,, 2023). It alters the cancer cells' cell cycle,
inhibiting their proliferation and increasing their susceptibility to
apoptosis (Faghfoori et al., 2021).

Lactobacillus acidophilus

Consuming probiotic bacteria, such as Lactobacillus acidophilus,
has been shown in numerous studies to strengthen the immune

system. Probiotics are a promising candidate for the prevention of

colorectal cancer because they may alter gut flora (Adiyoga et al,,
2022). It has been demonstrated in numerous studies to be helpful
in the treatment of colon cancer, and in an experimental mouse
model, Lactobacillus acidophilus induces cancer cell death via the
mitochondrial-mediated apoptosis pathway (Yoda et al., 2013). It
causes Cyt c to be released from the mitochondria into the
cytoplasm and activates Caspase-3 and Caspase-9 by upregulating
Bax, IFN-y, and TNF-a and downregulating Bcl-2 expression
(Sankarapandian et al., 2022). It helps restore the apoptotic pathway
in colon cells and lessens the signs and symptoms of colon cancer
(Figure 1).

Aspergillus fumigatus

Aspergillus species are common opportunistic molds that have
therapeutic and ethological significance (Vadlapudi et al., 2017). It
can prevent a number of cancers, such as breast cancer,
hepatocellular carcinoma, and cervical cancer. It does not have
cytotoxic effects on healthy cells, only on cancerous ones. Owing to
their antioxidant qualities, the biomolecules dehydromevalonic
lactone, methyl ester, 11-Hexadecynoic acid, and 9-Tetradecynoic
acid lessen the harmful effects of oxidative stress on human health
(Hassan et al., 2024). The secondary metabolites of the fungus
include bioactive chemicals with anticancer properties (Almanaa et
al,, 2020).

Streptomyces sp

The largest genus of bacteria that produces antibiotics is
Streptomyces, which also produces a wide range of other bioactive
compounds. Antibacterial, antifungal, and antiparasitic drugs are
produced by this genus (Jang et al., 2022). The substances prevent
cancer cells from growing and spreading because of their anticancer
qualities. Bioactive compounds with cytolytic and anti-oxidative
properties are produced by streptomyces, especially those that
thrive in unfavorable environments. These compounds can be
utilized to make medications that prevent cancer and
chemotherapy (Han et al., 2020). Numerous of the produced drugs
have already shown therapeutic benefits after their efficacy was
proven on cell lines. Numerous cancers, including those of the
colon, lung, breast, GI tract, cervix, and skin, may be treated with

these substances (Sethi et al., 2023).

Penicillium citrinum

An endophytic fungus called Penicillium citrinum produces a range
of bioactive compounds that have the potential to treat human lung
and colon cancer, among other cancers. These substances have anti-
inflammatory properties, and they frequently show this by inducing
the death of cancer cells through mechanisms involving the
mitochondria and caspase-3 (Chu et al., 2021). When it comes to
human colorectal cancer cell line cytotoxicity, the compound
most Human colorectal

Epiremisporine is the potent.

adenocarcinoma and human alveolar cell carcinoma underwent
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Table 1. Examples of Microbial induced angiogenesis

Microorganism

Mechanism

Reference

Inhibited Angiogenesis

Lactobacillus rhamnosus GG

Downregulation of the BCL-2 gene

Hashemi-Khah et al., 2022

Bifidobacterium bifidum

Production of anti-angiogenic factor (endostatin)

Faghfoori et al., 2021

Lactobacillus acidophilus Production of anti-angiogenic factor (PEDF) Adiyoga et al, 2022
Aspergillus fumigatus Production of anti-angiogenic compound fumagillin targeting endothelial cells|Hassan et al., 2024
Streptomyces sp. Production of anti-angiogenic compound (enduracidin) Jang et al., 2022

Penicillium citrinum

Production of anti-angiogenic compound (citrinin)

Chu et al., 2021

Serratia marcescens

Production of prodigiosin

Ho et al., 2009

Pseudomonas aeruginosa

Production of pyocyanin

Mudaliar & Prasad, 2024

Promoted angiogenesis

Helicobacter pylori

Upregulation of VEGF and MMP-9

Malespin-Bendana et al., 2023

Bartonella henselae Upregulation of VEGF which suppresses cell death Tsukamoto et al., 2020
Production of a mitogen that promotes the development of vasoproliferative
Bartonella quintana lesions. Liberto et al., 2003

Bartonella bacilliformis

Production of proangiogenic autotransporter BafA

'Tsukamoto et al., 2022

Figure 1. Several bacteria may generate
) diverse compounds that inhibit BCL-2 in
® ® . \' the outer mitochondrial membrane,
R Paeruginosa  Poitrinum  B.bifidum L.
T resulting in the release of cytochrome C
— caldean - Ty . wm am from the intermembrane space of the
l induced .. § Lrhamnosus - L acidophilus mitochondria into the cytoplasm.
. e h Bacteriocins . s
impaired R0 || Cytochrome C, together with additional
W angiogenesis 1
Fors o }_, factors, triggers a cascade of processes that
Fumagilin and —— contributes to cell death.
Apoptoseme fumigatus sp
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S caspase L ) X —
— B 87 /caspase) - - Serratia
w oty
Apoptotic signal o — > o G Prodigiosin marcescens
transmission via induced g o b:
enzymatic activity Cleaved  casp
caspase 3 T3 j
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Activation of
procaspase 3,8,9
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Helicobacter miR-203a o e et Microbial-induced
pylori ° o angiogenesis
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miR-203a downregulation Elevated cytokines and repair
promotes endothelial cell macrophages drive
proliferation inflammation, promoting
angiogenesis

Figure 2. a) BafA promotes angiogenesis by exerting direct effects on endothelial cells, inducing pro-angiogenic factors, activating signaling pathways, and
modulating the inflammatory response. BafA promotes blood vessel development, which is an essential step in angiogenesis. b) H. pylori induces angiogenesis

through directly affecting endothelial cells, activating host signaling pathways, and manipulating host immunological responses. Downregulation of miR-203
by H. pylori infection may alleviate the inhibition of pro-angiogenic factors such as vascular endothelial growth factor A (VEGF-A) and Angpt2, which

destabilizes blood vessels and promotes angiogenesis. H. pylori infection downregulates miR-203, which leads to an increase in Angpt2 levels.
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Figure 3. Microbiome-mediated angiogenesis and anti-angiogenesis have enormous therapeutic potential. The potential of microbial-based
therapeutics in conjunction with traditional anti-cancer therapies has also been examined in a number of studies (Al-Ostoot et al., 2021; Ansari et al.,

2022; Somani & Bhanushali, 2013). For instance, a recent study demonstrated that giving mice A. muciniphila along with chemotherapy increased
the death of tumor cells and decreased the growth of tumors (Xue et al., 2023). Moreover, a clinical trial is being conducted to look into the

possibility of using probiotics and anti-angiogenic therapy in conjunction to treat metastatic colorectal cancer.

1-12 | ANGIOTHERAPY | Published online May 05, 2024

https://doi.org/10.25163/angiotherapy.859650



ANGIOTHERAPY

REVIEW

apoptosis as a result of the drug's inhibition of pro-caspase 3 and
elevation of cleaved caspase 3, which were both dependent on
caspase 3 (Chu et al,, 2021).

Serratia marcescens

Without harming healthy cells, Serratia marcescens produces a red
pigment known as prodigiosin, which has antitumor qualities in a
variety of cancers, including stomach and breast cancer (Ho et al,,
2009). It stimulates several cancer cell lines to undergo apoptosis.
As an immunomodulator, prodigiosin reprograms the metabolism
of T and B lymphocytes, natural killer (NK) cells, tumor-associated
dendritic cells (TADCs), tumor-associated macrophages (TAMs),
and myeloid-derived suppressor cells (MDSCs) (Anwar et al.,
2022).

Pseudomonas aeruginosa

Pyocyanin, a blue-green, water-soluble phenazine pigment
produced by Pseudomonas aeruginosa, is an extracellular secondary
metabolite that is toxic and has redox activity in mammalian cells
(DeBritto et al., 2020). One exciting new cancer treatment option is
pyocyanin. Numerous studies have demonstrated its effectiveness
in treating human lung cancer, human cervical cancer, leukemia,
and breast adenocarcinomas. Pyocyanin is a strong contender for
use as a chemotherapeutic agent because it has shown cytotoxic
effects against a variety of human cancer cell lines at specific doses
(Mudaliar & Prasad, 2024).

chemotherapeutic agent for treating various types of cancer due to

Pyocyanin is a promising
its ability to suppress cancer cell growth and decrease cell viability,
as well as its strong anti-proliferative and cytotoxic properties that
increase with concentration (DeBritto et al.,, 2020). Apart from
triggering caspase 3, pyocyanin additionally stimulates oxidative
stress by augmenting the production of reactive oxygen species
(ROS) via glutathione oxidation. Caspase 3 must be activated for
apoptosis, while oxidative stress causes DNA damage through
strand breaks, base-pair changes, and apyrimidinic or apurinic
mutations. Apoptosis in cancer cells is facilitated by all of the earlier
processes (Mudaliar & Prasad, 2024).

5.2.2. Mechanisms employed by microbes to promote
angiogenesis:

Helicobacter pylori

An infection with Helicobacter pylori is one of the main causes of
stomach cancer. It invades the stomach and causes an
inflammatory reaction that can result in stomach diseases like
cancer (Malespin-Bendana et al., 2023). Chronic gastritis, which is
thought to be the first stage of stomach cancer development, is
brought on by Helicobacter pylori. Because of its unique virulence
factors, which include vacuolating cytotoxin A, cytotoxin-
associated gene A, and the kinds of outer membrane proteins, this
bacterium causes gastric cancer (Alipour, 2020). Due to its ability to

downregulate miR-203a, Helicobacter pylori may contribute to the

carcinogenesis process by increasing angiogenesis and ANGPT2
expression in the stomach mucosa (Malespin-Bendania et al., 2023).
Bartonella henselae

Gram-negative Bartonella henselae causes angiogenesis and
vasoproliferative lesions when it infects a host. In mice, the
passenger domain of BafA promotes angiogenesis, tube formation,
microvessel sprouting, and cell proliferation. B. henselae inhibits
cell death in infected macrophages or monocytes by secreting
VEGEF (Tsukamoto et al., 2022). BafA functions as a VEGF analog
by interacting with the vascular endothelial growth factor (VEGF)
receptor-2 and inducing the downstream signaling cascade
(Tsukamoto et al., 2020). Angiogenesis triggered by BafA is
primarily responsible for the establishment of vasoproliferative
lesions in cases of Bartonella infection (Figure 2).

Bartonella quintana

A gram-negative bacterium called Bartonella quintana causes
pathological angiogenesis in people. It is possible that B. quintana
produces a mitogen similar to BafA, which could aid in the
formation of vasoproliferative lesions in bacillary angiomatosis
(Figure-2). Variably expressed outer membrane proteins (VOMPs)
are also expressed by them (Tsukamoto et al., 2020). Despite the
initial escalation of inflammation in endothelial cells, Bartonella
quintana seems to be able to prevent programmed cell death by
triggering intracellular signals that promote survival and growth
through the expression of the bcl-2 gene (Liberto et al., 2003).
Bartonella bacilliformis

Pathologic angiogenesis is caused by the Gram-negative bacterial
The

autotransporter BafA is synthesized, which in turn promotes the

pathogen  Bartonella  bacilliformis. proangiogenic
angiogenic process and the proliferation of endothelial cells
(Tsukamoto et al., 2022). BafA stimulates the vascular endothelial
growth factor receptor 2 (VEGFR?2) signaling pathway, which is the
cellular/molecular basis for angiogenesis (Liberto et al., 2003).

6. The

microorganisms

factors affecting angiogenesis modulation by
The timing, dose, and mode of administration of a treatment can all
have an impact on how microorganisms modulate angiogenesis.

The that

administered can affect both their safety and effectiveness when it

Administration route: way microorganisms are
comes to modulating angiogenesis. For instance, systemic
administration of microorganisms may result in toxicity and off-
target effects, whereas local administration may be more effective in
targeting particular tissues or diseases (Osheroy & Ben-Ami, 2016;
Belkaid & Hand, 2014).

Dose: Angiogenesis modulation may also be impacted by the
number of microbes present. A dosage that is too high can cause
side effects like infection or inflammation, while a dosage that is too
low might not have any therapeutic effect (Mueller et al., 2022;

Bergers & Benjamin, 2003).
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Treatment timing: One crucial element that may influence the
effectiveness of microorganisms in modulating angiogenesis is the
timing of the treatments. Certain microorganisms might, for
instance, be more successful at promoting angiogenesis during
tissue repair or regeneration, while others might be more successful
at suppressing angiogenesis in the early stages of tumor
development (Gopalakrishnan et al., 2020; Carmeliet & Jain, 2000).
Host genetics: Microorganisms and angiogenesis can interact
differently depending on the genetic composition of the host. For
instance, the host's genetic variations may impact the expression of
genes linked to angiogenesis and the way the body reacts to
microbe-mediated modulation of angiogenesis (Hooper et al., 2012;
Carmeliet & Jain, 2011a).

Microbiome  composition: ~ Microbe-mediated  angiogenesis
modulation may also be impacted by the microbiome composition
of the host. The microbiome has the ability to produce metabolites
and other substances that affect angiogenesis and alter the immune
response of the host (Lok, 2017; Carmeliet & Jain, 2011b).

In conclusion, a number of variables may affect the effectiveness
and security of treatments involving microbe-mediated
angiogenesis modulation. Additional investigation is required to
enhance these variables and create safe and efficient treatments for
microbe-mediated angiogenesis modulation.

7. The host-microbe interaction during angiogenesis modulation
by microorganisms

During angiogenesis modulation, microorganisms engage with the
host by generating a variety of bioactive molecules that control the
host's cellular signaling pathways (Vieira et al., 2013; Schwabe &
Jobin, 2013). Additionally, the host immune system is essential in
controlling the relationship between microbes and angiogenesis.
Cytokines and chemokines, which further control angiogenesis, are
produced by immune cells in response to their recognition of
microbial molecules (Rooks & Garrett, 2016; Sevcikova et al., 2023;
Sawant et al., 2020). Furthermore, it has been demonstrated that
the gut microbiota contributes to angiogenesis by generating short-
chain fatty acids that influence host cell signaling pathways. As a
result, the host-microbe relationship is essential to the control of
angiogenesis in microbes (Uusi-Makeld & Ramet, 2018; Sajib et al.,
2017).

8. Anti-cancer therapeutics targeting microbial-mediated
angiogenesis modulation

Numerous microbial-based treatments have been created to reduce
cholesterol and target tumor angiogenesis. For instance, anti-cancer
treatments have been developed wusing the gut microbe
Akkermansia muciniphila, which has been demonstrated to lower
host cholesterol levels. According to a recent study, giving mice oral
A. muciniphila lowered tumor growth and angiogenesis.
Furthermore, a number of prebiotics and probiotics have been

created to specifically target tumor angiogenesis (Marmé, 2018;

Fakruddin et al., 2022b). It has been demonstrated that probiotics,
like Lactobacillus acidophilus, reduce angiogenesis and tumor
growth by altering the host's metabolism of cholesterol (Figure-3).
Prebiotics, like inulin, can encourage the development of gut
microbes that generate SCFAs, which lowers host cholesterol and
inhibits angiogenesis (Liu et al., 2023; Shishir et al., 2023).

9. The potentials and prospects of microorganisms to module
angiogenesis

Promising potential has been demonstrated by microorganisms in
modulating angiogenesis for therapeutic purposes (Figure-3). It has
been discovered that some microbes generate anti-angiogenic
substances, which stop cancer cells from proliferating and
spreading. It has been discovered that these substances specifically
target different phases of the angiogenic process, such as the
synthesis of growth factors and the initiation of signaling pathways
(Zhao et al., 2023; Franks, 2013). Conversely, some microbes create
substances known as pro-angiogenic agents, which encourage the
formation of new blood vessels and support tissue regeneration. It
has been discovered that these substances improve tissue repair and
wound healing (Sater et al., 2022; Wan et al., 2021).

Furthermore, the possibility of using microorganisms to deliver
therapeutic agents to specific tissues has been investigated. Because
microorganisms can home to particular parts of the body, it is
possible to engineer them to express and secrete particular
therapeutic proteins that can then be targeted to particular tissues.
With encouraging outcomes, this strategy has been investigated for
the treatment of cancer and other illnesses (Schirbel et al., 2013;
Visconti et al., 2019).

In order to fully understand the mechanisms involved and
maximize their therapeutic potential, more research is required.
The use of microorganisms for angiogenesis modulation is still in
its early stages of development. On the other hand, the use of
microbes to modulate angiogenesis offers a promising strategy for

creating efficient and focused cancer and other disease treatments.

10. Conclusion

Reducing cholesterol levels to modulate microbial-mediated
angiogenesis has become a viable strategy for the creation of anti-
cancer medications. The gut microbiota can produce metabolites
that prevent tumor angiogenesis and is essential in regulating the
host's metabolism of cholesterol. Probiotics, prebiotics, and gut
microbes are a few examples of microbial-based therapies that have
been created to target tumor angiogenesis by lowering cholesterol.
These treatments have the potential to increase the effectiveness
and lessen the side effects of traditional anti-cancer therapies, and
they have demonstrated encouraging results in preclinical and
clinical investigations.

In conclusion, microbes have shown promise as targets for the

creation of cutting-edge anti-angiogenic cancer treatments.
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Microorganisms modulate angiogenesis through a variety of
mechanisms, such as their interaction with the host immune system
and the secretion of pro- or anti-angiogenic factors. The
development of microbial-based anti-cancer therapies faces both
opportunities and challenges due to the diversity of
microorganisms involved and the complexity of their interactions
with the host. The specificity, low toxicity, and potential to
overcome drug resistance are among the potential benefits of using
microbial-based approaches; however, there are a number of
challenges that must be addressed, such as the need for a deeper
comprehension of the interactions between microorganisms and
host cells and the risk of microbial infections in patients with
compromised immune systems. Notwithstanding these difficulties,
research on the modulation of microbe-mediated angiogenesis
presents a viable path toward the creation of potent anti-cancer
medications that may supplement currently available anti-
angiogenic drugs. To fully realize the potential of this strategy and
apply the research's conclusions to clinical settings, more study is

required.
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