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Specific signaling pathways and drugs play key role in regulation of
angiogenesis
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ABSTRACT
In this study, angiogenesis inducers and inhibitors and some important drugs are introduced.
Abnormal angiogenesis can occur if the balance between inhibitory and inducible factors
disappears. Angiogenesis inducers include EGF, FGF2, TGF-β, VEGF, G-CSF, HGF, TGF-α, IL8, TNF-α and angiogenesis inhibitors such as endostatin, interleukin, prolactin, interferons, IL-1,
IL-12, angiostatin, and IL-18. On the other hand, many drugs can affect these signaling pathways.
Keywords: Signaling pathway, angiogenesis, cancer regulation, inducers

angiogenesis inducers bind to endothelial cell
INTRODUCTION

surface receptors and activate endothelial

Angiogenesis is one of the stages of cancer

cells. As a result of this activation, the matrix

progression in which endothelial cells begin

metalloprotease is released and damages the

to proliferate [1]. To initiate angiogenesis,

capillary basement membrane. The activated
7
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endothelial cells then migrate and expand

angiogenesis

outside

[2].

proliferation and induction of apoptosis. The

Angiogenesis itself is divided into two types:

purpose of this article is to investigate the

physiological angiogenesis and pathological

common

angiogenesis,

own

involved in angiogenesis and are presented in

characteristics and effects. In general,

Tables 1 and 2 for a complete description of

angiogenesis involves a series of cytokines

these factors. Each of these factors acts

that any alteration that causes these cytokines

through one or more signaling pathways, and

to become out of balance can cause abnormal

this study identifies a number of drugs that

angiogenesis [3]. The cytokines involved in

may affect these signaling pathways.

the

main

blood

each

vessel

with

its

their angiogenesis are divided into two

inhibition,

pathways

inhibition

between

of

cytokines

include

Importance of investigating the signaling
pathways and drugs that affect these
pathways

VEGF, BFGF, TNF-α, G-CSF, PDGF, PGF,

Signaling pathways are important means of

TGF-β, TGF-α, IL-8, HGF and EGF [4] (

linking intracellular segments and interacting

Table 1). Each of these cytokines have their

extracellular segments with intracellular

own

junctions that play essential role in various

groups: angiogenesis inhibitors and inducers.
Angiogenesis-inducing

specificity

different

and

signaling

factors

function

pathways

through
that

cellular processes. An oncogenic mutation or

can

eventually stimulate cell proliferation and

abnormal

induce angiogenesis. The other group are

components of the signaling pathway can

cytokines that inhibit angiogenesis, including

impair the function of the signaling pathways

prolactin,

angiotensin,

[6]. One of these is the MAPK/ERK

interferons, IL-12, IL-1 [4], IL-18 [5] ( Table

signaling pathway, which involves a chain of

2). They disrupt the formation of new vessels

proteins in the cell. When the ligand binds to

and eliminate the blood vessels that are

the receptor at the cell surface [7], cellular

formed.

toward

proliferation is activated and can induce cell

angiogenesis inhibition can impair important

differentiation and proliferation as well as

physiological roles, such as wound healing

apoptosis in eukaryotic cells. Different

and fetal growth [5]. The angiogenesis

cytokines act through this signaling pathway

inhibitors, each with its own specificity and

and several of them are mentioned in this

function, can function through different

article [8] (Table 1). Various drugs can affect

signaling pathways that eventually lead to

this pathway. Dihydroartemisinin (DHA) is a

endostatin,

Changes

in

balance
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derivative of artemisinin that has anti-

Species (ROS) induce IL-8 regulation.

angiogenic

tumor

Induction of LCA, which is activated by NF-

angiogenesis can be an important treatment

KB transcription factor, plays an important

for cancer. A study of the effect of DHA on

role in stimulating metformin by inhibiting

human umbilical vein cells (HUVECS) has

ROS production and by LCA, eventually

shown that DHA can decrease ERK1/2

leads to NF-KB signaling and NF-KB is

phosphorylation
regulation,

activity.

and

causing

Stopping

decrease

mRNA

essential

for

ERK1/2

protein

Ginsenoside Rk1 is another drug that can
signaling

[13].

affect

apoptosis through activation of p38 MAPK

Ginsenoside rk1 is a natural drug product that

[10] and also suppresses transcription and

induces apoptosis by inhibiting NF-KB

also affects the c-MYC and c-FOS factors

transcription in lung endocarcinoma cells and

[9]. NF-KB is another signaling pathway

disrupts the cell cycle at G1 stage and acts as

found in all animal species and responds to

an antitumor modulator. RK1 can increase

stimuli such as cytokines, stress, free

the expression of BAX, PARP and cleavage

radicals, and so on. NF-KB plays a role in

protein in caspase 3 and 9, decrease BCL2

modulating cellular processes and, if out of

expression, induce an increase in PD-L1

order, can cause autoimmune diseases,

expression by inhibiting NF-KB signaling

inflammation and viral infections, and so on.

[14,15]. AKT is another signaling pathway

This signaling pathway can be involved in the

that kinases of this signaling pathway are

induction and inhibition of angiogenesis

involved in a variety of processes including

[11,12]. Various drugs can affect this

cell proliferation, cell survival, invasion

pathway. For example: metformin is the first

response and angiogenesis. AKT is a cell

common drug to treat type 2 diabetes. A

survival factor and has anti-apoptotic activity

study investigating the effect of metformin

that is involved in metabolic regulation and

on the up-regulation of IL-8 by Lithochalic

cell signaling [16]. Various cytokines work

acid (LCA) in HCT116 Colorectal Cancer

through this pathway, some of which are

(CRC) cells showed that Reactive Oxygen

listed in Table 1.
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NF-KB

up-regulation
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Table 1.| List of angiogenesis inducing factors along with structural features, secretion source,
signaling pathways, and function
Angiogenesis
inducing
factors
EGF

FGF2/bFGF

Full name

Structural
features

Source

Signaling
pathways

Epidermal
growth factor

It has 53 amino
acids and has
three
intramolecular
disulfide bonds
and a molecular
weight KDA6
[28].

Platelets,
macrophages,
fibroblasts [27]

It is involved in
regulating cell
growth. It
directly
promotes
epidermal cell
proliferation. A
nitrogen and
oxygen reactive
antagonist
mediated by
keratinocytes. It
leads to cell
division and
induction of
angiogenesis
[27].

ERK/MAPK [26]

Fibroblast
growth factor

It has 155 amino
acids and thus
produces 18 kDa
protein [34].

Keratinocytes,
mast cells,
fibroblasts,
endothelial cells,
smooth muscle
cells,
chondrocytes
[30], [31, 33]
[29]

It has a broad
role in cell
survival and
mitogenesis
[30]. Involved in
a variety of
physiological
processes
including:
embryonic
development,
cell growth,
morphogenesis,
tissue
repellency,
tumor growth,
invasion and
play an
important role in
angiogenesis
[31]. Recent
evidence
suggests that low
levels of this
inducer play an
important role in
the expression of
anxiety [32].

MAPK signaling
pathway [29]
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Transforming
growth factor
beta

TGFβ1/390
TGFβ2/412
TGFβ3/412
[3,9]

Platelets,
keratinocytes,
macrophages,
lymphocytes,
fibroblasts [36]

It activates
different
substrates and
regulatory
proteins and
transcription of
different target
genes that are
involved in cell
differentiation,
chemotaxis,
proliferation and
activation of
many TGFβ
immune cells
[36, 37]. A
cytokine
regulates three
isoforms and
regulates many
cellular
functions
including: cell
proliferation,
differentiation,
adhesion, and
migration.
Increased
expression of
TGFβ is often
associated with
malignancy in
many cancers
and defects in
cell growth
inhibition
response [38].

SMAD [35]

Vascular
endothelial
growth factor

Binding via the
transmembrane
short helix to a
second
cytoplasmic
catalyst [41]

Platelets [42],
neutrophils,
macrophages
[43], endothelial
cells, smooth
muscle cells,
fibroblasts
keratinocytes
[44]

Mitogen is
specific for
endothelial cells
[40] . It induces
proliferation and
migration of
endothelial cells
and prevents
apoptosis. In
vivo it causes
angiogenesis and
plays an
important role in
the regulation of
blood vessels in
the blood [41].

PLC-PKC-MAPK
[39]
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G-CSF

Granulocyte
macrophage
colony
stimulating
factor

174-177 aa long
protein
19,600 grams
per mole [45]

Endothelium,
macrophages and
a number of other
immune cells
[45] .

Glycol is a
protein that
stimulates the
bone marrow to
produce
granulocytes and
stem cells and
release them into
the bloodstream.
It is a cytokine
and a hormone
produced by
different tissues
that stimulates
survival, cell
proliferation,
differentiation,
and stimulates
neutrophil
progressive
function,
resulting in the
maturation of
neutrophils [45].

JAK/STAT,
Ras/MAPK,
PI3K/AKT [45]

TNF-α

Tumor
necrosis factor

233aa ,17kda
[50, 51]

Macrophages,
natural killer cell
lymphocytes,
neutrophils, mast
cells [49],
eosinophils,
neurons

The regulation
of immune cells
is one of the
most important
mediators of
inflammation.
One of the
cytokines
involved in
triggering the
acute phase
reaction in the
human body.
It is involved in
the development
of fever, septic
shock, cachexia,
and tumor
progression. [48]

NF-KB,
[46]MAPK [47]
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PGF

Placenta
growth factor

A member of the
VEGT family.
VEGF has a
second domain
that binds to a
second
cytoplasmic
catalytic domain
via short
transmembrane
helix [41].

In many tissues
including
trophoblasts
[53]and organs
such as the heart,
thyroid, skeletal
muscle, and lung
are expressed at
low levels
[39,52] .

Its main source
is during
pregnancy. It is a
coding gene and
is a member of
vascular
endothelial
growth factors
VEGF and is
strongly
associated with
angiogenesis
[39, 52]. It is
involved in
trophoblast
growth. The
proper
development of
blood vessels in
the placenta is
crucial for fetal
development
[53]

PLC/PKC/MAPK
[39]

HGF

Hepatocyte
growth factor
or scatter
factor

It is cleaved by
serine proteases
into the alpha
chain of 69 kDa
and 34 kDa beta
[54]

Mesenchymal
cells [56]

Molecularly
potent mitogen
is a clone. It is
involved in
stimulating cell
growth and
inducing
multicellular
structure. It acts
as a liver agent
for regeneration
[56].

Tyrosine kinase
signaling [54,55]

IL-8

Interlukin-8

As a precursor
peptide, it is
made of 99
amino acids,
which then
cleave and
generate several
active IL-8
isoforms. A
major peptide
form contains 72
amino acids that
are secreted by
macrophages
[59]

Macrophages and
cells such as
epithelial cells,
airway smooth
muscle cells
[62]and
endothelial cells
[60]

It is known as a
neutrophil
chemotactic
factor. It has two
main functions,
causing
chemotaxis in
the target cells
and also
migrating to the
site of infection.
They are
monomeric and
homodimer and
are potent
inducers of
CXCR2 and
CXCR1
receptors.
[59-61]

NF-KB , [57]
Ribosomal
proteins 6
phosphorylation
(RPS6) [58]
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Transforming
growth factor
alpha

(160aa human)
and consists of a
second
extracellular
domain
containing a
second
hydrophobic
transmembrane,
50 TGF-α amino
acid and a 35residue long
cytoplasmic
amino acid [64]

Macrophages,
brain cells,
keratinocytes
[65]

It plays a role in
cell
proliferation,
wound healing,
embryogenesis
and angiogenesis
enhancement.
Stimulates
proliferation of
nerve cells in the
damaged brain
of adults [64, 65]

MAPK/JNK
[63]

One of the drugs that work on this pathway is

survival, cell differentiation, regulation of

Aloperine.

potential

angiogenesis, and apoptosis [19,20]. One of

chemotherapeutic agent for Hepatocellular

the drugs that can affect this pathway is

carcinoma (HCC) that inhibits proliferation

erianin, which has anti-tumor and anti-

in HEP3B and Huh7 cells, by blocking the

angiogenic effects. Treatment of HaCat cells

cell cycle at the G2/M stage and inducing

with erianin inhibits cell proliferation,

apoptosis by inhibiting PI3K/AKT signaling

induction of ROS apoptosis as well as

pathway in HCC cells. Inhibition of this

induction of the C-JUN/C-JNK signaling

signaling pathway is mediated by decreased

pathway and suppression of the AKT / B

expression of P110 α, P85, AKT and PAKT

protein kinase pathway, but treatment with

[17]. JNK signaling pathway plays a key role

N-Acetylcysteine (NAC) reverses these

in cell proliferation, survival and cancer cell

effects. Erianin inhibits growth by inducing

apoptosis. JNK increases with NF-KB, JAK-

angiogenesis and inhibiting the cell cycle in

STAT, and other signaling pathways, and can

the T47D cell line in breast cancer [21]. JAK-

eventually lead to cell survival [18]. Different

STAT is another signaling pathway that is a

cytokines can function through this pathway.

global

Some of them are listed in Table 2. JNK is

pathway and is involved in different

one of several ROS pathways where ROS can

processes such as cell proliferation, cell

regulate the AKT/mTOR signaling pathway.

differentiation,

ROS is an important pathway for cell

regulation. JAK-STAT is a relatively simple

Aloperine

is

a
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signaling pathway. However, the biological

important role in vessel formation, puberty,

consequences of this pathway are complex

vessel remodeling and vessel destruction, on

due to crosstalk with other signaling

the other hand the pathological angiogenesis

pathways [22]. Many drugs affect this

plays in tumor events, different ischemic

pathway. One of these drugs is JQ1. JQ1

diseases and inflammation. In the process of

inhibits

induces

angiogenesis, a number of related cytokines

apoptosis in ovarian cancer cells. C-MYC has

are involved, which may result in abnormal

been overexpressed in ovarian cancer, which

angiogenesis if the expression of these

can itself be considered a therapeutic target

factors is not sufficient or excessive [3].

[23]. JQ1 makes ovarian cancer cells

Angiogenesis is controlled by the balance

sensitive to cisplatin, a common drug for

between the angiogenesis inducer and the

chemotherapy in ovarian cancer [24]. JQ1

angiogenesis

inhibits

induces

inducing factors include EGF, HGF, IL-8,

apoptosis by targeting C-MYC and BRD4

TGFβ, TGFα, PGF, PDGF, G-CSF, TNFα,

cells in ovarian cancer [25] and interacts with

bFGF and VEGF [4] ( Table 1) and are

the JAK-STAT signaling pathway [24].

produced by different cell types including:

cell

cell

proliferation

proliferation

and

and

platelets, inflammatory cells and cancer cells
begins

angiogenesis-inducing

by

binding

factors

to

of

[66]. In a growing cancer, continuous

their

production of angiogenesis inducers increase

receptor on the endothelial cell surface and

the endothelial cell activity and decreases as

activate those endothelial cells and releases

well as anti-angiogenic factors. One of the

the matrix metalloprotease, then destroys the

most important and potent inducers of

capillary basement membrane and let the

angiogenesis is VEGF and bFGF [4], which

activated endothelial cells to migrat. The

include VEGF: VEGF-A, VEGF-B, VEGF-

endothelial cells expand outside the main

C, VEGF-E, VEGF-F and VEGF-D; and

blood vessel and then attach to the lumen or

VEGF-A has six isoforms under the

loop, eventually activating pericytes to

influence of alternative splicing: VEGF-

stabilize newly formed capillaries [2].

A183, VEGF-A165, VEGF-A145, VEGF-

Angiogenesis itself is divided into two types:

A121, VEGF-A206, VEGF-A189 and has

physiological angiogenesis and pathological

three

angiogenesis, which physiological one play

receptors,

including:

VEGFR1,

VEGFR2, VEGFR3, which VEGFR1 has the
15
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highest affinity for VEGF and PIGF [67].

VEGF expression, downregulate ANG1 and

TGFβ and PDGF are other angiogenic factors

ANG2

that are important for the stabilization of new

phosphorylation and at early wound healing,

blood vessels, while TGFβ is responsible for

leads to pericytes separation and high level of

the production of extracellular matrix and the

GM-CSF wound healing. Preserves VEGF

proper interface between ECs and mural cells

expression while increasing the expression

[66]. and PVHL, a negative regulator of HIF-

ratio of ANG1/ANG2, phosphorylation of

1 expression, which HIF-1 itself, induces

Tie2, which results in higher pericyte

tumor

of

coverage and greater integration of the

angiogenesis-related factors, as well as

underlying membrane, is required to inhibit

increased

which

blood vessel function [66]. Recent studies

contributes to CXCR4 mRNA stability. This

have shown that ginsenosides inhibit the

study demonstrates that HIF-1 plays an

expression

important role in tumor formation, invasion

ginsenoside Rh2, Rh, saponin Rh2 and Rd by

and

negatively

cell

creation

CXCR4

metastasis

[3].

and

secretion

expression,

ANG-1

and

the

expression,

of

suppressing

MMP

regulating

saponin

MMP1,

Tie2

Rg1,

MMP2,

endothelial specific tyrosine kinase receptor

MMP3, MMP7, MMP9, and MMP13

Tie-2 are one of the most important

expression and cancer cell migration [3].

regulators of angiogenesis and inflammation,

Inhibitors such as endostatin, angiostatin,

and they both play important roles in fetal

interleukin-12,

vascular excretion. Angiopoietin-1 (ANG-1)

interleukin-18

inhibits

migration,

metalloprotease and retinoic acid inhibitors (

decreases permeability, stimulates vascular

Table 2) disrupt or help to remove the formed

division,

wounds, and increases

vascular vessels. While altering the balance

lymphatic fluid. Tie-2 initiates cell signaling

toward angiogenesis inhibition, it can impair

by stimulating phosphorylation of key

important physiological roles, such as

tyrosine. Tie-2 is abundant in all endothelial

embryo development and wound healing, and

cells that express the ANG/Tie-2 axis

that intervention in wound healing is an

through

pathways

important cancer concern that, based on the

including: JNK, P38ERK1/2, DOKR/PAK1,

therapeutic goal of angiogenesis inhibition,

AKT/PI3K and AP-1 transcription factors,

may it is divided into two groups: Direct

EGR1 and KLF2 [68]. GM-CSF plays an

inhibitors that target growing endothelial

important role in wound healing, enhancing

cells and are in fact the main target of

apoptosis,

heals

several

increases

intracellular

16
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integrin. Small molecular fragments e.g.

effect on tumor angiogenesis via direct

endostatin, canastatin, tumstatin, arrestin,

inhibition

angiostatin are proteolytic products that

proliferation,

degrade extracellular matrix and act as a

angiogenesis

direct inhibitor by inhibiting endothelial cell

pathway signal transduction, MMP activity

proliferation and migration induced by

inhibition, and expression enhancement of

VEGF-A and PDGF. Whereas indirect

angiogenesis inhibitory factors [3].

of

vascular

endothelial

inhibition
factors

cell

of

tumor

(mainly

VEGF),

inhibitors target tumor cells or tumorassociated stromal cells [4]. Recent studies
have shown that ginseng has an inhibitory

Table 2. Illustration of angiogenesis inhibitory factors along with structural features, secretion
source, signaling pathways and their function
Angiogenesis
inhibitor
Endostatin

Structural feature

Source

Function

Signaling Route

Derived from XVII
type collagen
Polypeptide with
184 amino acids
Kda20 [75].

It is made by
proteolytic cleavage
in type 18 collagen
[73] .

It inhibits
angiogenesis [70]. It
suppresses cell
cycle control and
anti-apoptotic genes
in endothelial cells
[71]. It may grow
on VEGF growth
factors such as:
BFGF and ADHD
Inhibition of new
cell growth by
inhibition of cyclin
D1 results in G1
cells stopping and
undergoing
apoptosis [71, 72].
It may inhibit
specific
metalloproteinase
activation [73] .
Reduces the FGF
signal. The number
of signaling
pathways decreases
Ras, Raf and P38,
ERH1 activity [74].

JNK [69]
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Interferons

Interferon alpha165-166 and
interferon alpha-166
have 146 amino
acids and gamma
interferon has 146
amino acids [79].

Immune leukocytes,
lymphocytes,
fibroblasts and other
cell types [78].

They belong to the
category of
cytokines. They
stimulate the
immune system and
increase the body's
resistance to
pathogens. They are
involved in normal
immune responses
even in the absence
of the virus, such as
cancer. Interferons
suppress
angiogenesis and
regulate endothelial
cell proliferation by
resetting
angiogenesis stimuli
[77].

IL-1

It is first
synthesized as a
precursor protein.
Following
proteolysis it is
converted to a shortacting molecule,
generally called IL1 [83].

Macrophages,
Monocytes,
Dendritic Cells,
Fibroblasts [82]

It is involved in
inflammatory
responses, rapid
differentiation of
white blood cells,
inflammation, and
production of
phagocytic proteins
[82].

TAK1, TRAF6,
MEKK3, NF-KB,
AP-1 JNK, P38,
MAPK [80,81]

IL-12

It consists of 4 αhelices and is a
HETERODIMERIC
cytokine encoded
by two separate IL12A and IL-12B
genes [86].

Macrophages [88],
dendritic,
neutrophils, human
B-lymphoblastoid
cells in response to
antigen stimulation
[86].

It has antiangiogenic activity.
It plays a role in
stimulating TCELL
function and
stimulating the
secretion of
interferon-gamma,
TNFα and natural
killer cells. IL-4
depletion mediates
IFN-1 suppression
[85].

JAK/STAT [84]

18
HBB. 4(1): 7-37

JAK/STAT
C3G/Rap1
PI3K [76]

Jalili et al.

Regulation of angiogenesis

Angiotensin

A 38 kDa fragment
is larger than
protein. It is one of
the proteins of the
beta-globulin group
[90, 91].

Prolactin PRL

In humans there are
three smaller cases
of 4, 16, 22 kDa and
several larger ones
[96].

IL-18

It is first
synthesized as a
passive 24-kDa
precursor. After
intracellular
processing by
caspases, it becomes
a mature 18 KDA
biologically active
molecule [95].

It can be isolated
from plasminogen
by various
metalloprotease,
PSA, 13 kDa serine
protease or 24 kDa
endopeptidase [88].
It is secreted from
the pituitary lacto
trophic cells [96].

Hematopoietic cells
and nonhematopoietic cells
are capable of
producing IL-18.
[103] It is mainly
produced by
macrophages and a
number of other
cells [97].

It inhibits
angiogenesis by
directly affecting
endothelial cells and
proliferating and
inducing apoptosis
[88,89].
It plays an
important role in
metabolism,
immune system
regulation and
pancreatic
development
[92,93]. It helps to
synthesize
pulmonary
surfactant in the
fetal lungs at the
end of pregnancy
and to support fetal
immunity by the
mother's organs
during pregnancy
[94,95].
It is a proinflammatory
cytokine that
reduces type 1
responses. It has an
important role in
activating
macrophages and
other cells. [97].
Impaired IL-18
regulation can
induce autoimmune
and inflammatory
diseases [101,102].

Its mechanism has
not yet been
accurately
identified. But there
are three suggested
functional
mechanisms [87].
Through the
prolactin receptor it
acts by endocrine,
autocrine and
paracrine and
cytokine receptors
[92].

NF-KB, STAT3
[97-100]

explain the common pathways by which
these

Signaling pathways inducing cancer
angiogenesis

of

and cell survival.

angiogenesis-inducing

mechanisms by which each factor can act
in one or more of the following ways and
19
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The role of the MAPK / ERK signaling
pathway in the induction of angiogenesis

MAPK is one of the pathways by which G-

The MAPK/ERK pathway is a chain of

biological activities of trophoblast cells,

proteins in the cell that signal starts by

including:

attaching signaling molecules to the

proliferation and cell differentiation [105].

receptor at the cell surface and continues

FGF2 is another cytokine that can function

until the DNA is expressed in the nucleus

through this pathway. This cytokine has

and causes some changes [7]. This

been implicated in fetal growth, cell

pathway, which is composed of numerous

survival, widespread mutagenesis, tumor

protein-forming

is

growth, and invasion [30,31]. FGF2 acts as

and

signaling molecules that are activated by

proliferation of cells and apoptosis in

binding to FGF2 receptors, and these

eukaryotic cells [8]. Different cytokines

activated receptors bind to the cytosolic

can function in this way. G-CSF is one of

region of the receptor by employing

these cytokines that is secreted by various

specific molecules that bind to the

tissues

cell

phosphorylated

and

Stimulation of a number of signaling

involved

in

and

proteins
the

cascade

differentiation

stimulates

proliferation,
progressive

survival,

differentiation
function

of

CSF can play a role in regulating the

neutrophils,

pathways

migration,

leads

invasion

tyrosine

to

specific

and

moiety.

cellular

resulting in neutrophil maturation [45]. G-

responses, and then these FGF2 serve as

CSF is expressed in placental tissues and

docking sites for the uptake of a second free

trophoblastic

cells.

G-CSF

functional

SH2 or PTB, protein adapter or signaling

receptors

activate

various

signaling

enzymes. By binding signaling complexes

pathways

including

PI3K,

to activated receptors, phosphorylation

JAK/STAT in trophoblastic cell lines [45].

cascades begin [33], which can eventually

G-CSF activates the MAPK/ERK pathway

lead to tumor growth and invasion [31].

by

and

TNF-α is a cytokine that is involved in the

phosphorylating the cytosolic domain of G-

acute phase response in the body and

CSFR. Activation of intermediate Grab

regulates immune cells, fever and tumor

proteins mediate the RAS pathway. RAS

progression [48]. MAPK is one of the

increases the proliferation and activation of

pathways by which TNF-α can function

kinases

which

[47,106]. TNF by binding to its receptor,

eventually leads to cell proliferation [104].

forms the RIP, TRAF2, TRADD complex.

binding

to

its

MAPK,

receptor

(RAF-MEK-ERK1/2),
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TRAF2 activates JNK upstream kinases

viral antigens, etc. NF-KB plays an

(TAK1, MEKK1, ASK1 and MLK2/MLK3

important role in regulating the immune

and activate the SRC, VAV, RAC,

response

MLK2/3 axes, and these kinases eventually

unregulated, causes inflammatory and

phosphorylate MKK7, which activate the

autoimmune diseases, septic shock, and

JNK pathway. Activated JNK goes to the

viral infections [11]. NF-KB is involved in

nucleus and activates transcription factors

modulating

such as C-JUN and ATF2. Due to the

pathway

changes that result from activation of these

signaling cascades and is involved in

transcription factors, JNK can lead to cell

different cell cross-talk [12]. TNF-α is one

proliferation and differentiation [47,106].

of the cytokines that can act in this way. As

EGF is a cytokine that promotes growth,

explained in the previous section, TNF-α is

cell division and angiogenesis [27] and

a cytokine that is involved in the inhibition

functions

the

and development of tumors and immune

ERK/MAPK pathway [26]. Mitogens and

responses [48]. TNF-α binds to its receptor

growth factors stimulate activation of

at the cell surface by the uptake of TRADD,

tyrosine kinase receptors such as EGFR,

TRAF-2, and RIP, which complexes with

which, after binding EGF to their receptor,

TRAF-2, which in turn adsorbs the

activate subsequent Ras GTPase, which

multifunctional protein IKK and the serine

leads to phosphorylation of MAPK (RAS-

threonine kinase enables RIP to enable it.

RAF-MEK) and eventually leads to

The inhibitory protein IΚΒ normally binds

phosphorylation and activation of ERK.

to NF-KB and blocks its binding and is

ERK phosphorylation results in activation

phosphorylated by IKK and degraded upon

of kinases and phosphorylation of a number

release

of targets involved in the regulation of cell

heterodimeric transcription factor that

proliferation [107,108].

transmits to the nucleus and stimulates

through

activation

of

to

is

of

infections

cellular

if

processes.

stimulated

NF-KB.

and,

by

NF-KB

left

This

different

is

a

transcription of a wide range of proteins

The role of the NF-KB signaling pathway
in the induction of angiogenesis

involved in survival, cell proliferation,
inflammatory response and anti-apoptotic

NF-KB is found in almost all animal

factors [47]. IL-8 is another cytokine that is

species and responds to stimuli such as:

a potent enhancer of angiogenesis and

cytokines, stress, free radicals, bacterial or

phagocytosis and is known as neutrophil
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chemotactic [59,60]. IL-8 induces reporter

pathway that are involved in cell signaling

gene dependent NF-KB expression as well

and metabolic regulation. AKT is a cell

as expression of COX-2, VCAM-1, and

survival factor and partially inhibits

IKΒ

cytochrome c release from mitochondria

phosphorylation followed by degradation

and has anti-apoptotic activity. It can also

and translocation of P65. IL-8 can induce

phosphorylate and deactivate the pro-

MAPK, JNK, C-JUN in a dose and time-

apoptotic factor BAD and procaspase 9

dependent manner. The NF-KB activation

[16]. TGF-α is a signaling molecule and

induced by IL-8 is almost unaffected in

one of the pathways that it can use to reach

cells transfected with TRADD, TRAF-2, or

its goal is AKT signaling pathway [63].

FADD, but inhibited by IΚΒ, IKK, NIK,

TGF-α has been implicated in cell

TRAF-6 predominantly transfected cells.

proliferation,

wound

Studies have shown that the activated NF-

embryogenesis,

angiogenesis,

KB pathway induced by IL-8 is not

tumorigenesis [64, 65] . TGF-α is a member

dependent on TRAF-2 but is dependent on

of the EGF family, and TGF-α binds to its

TRAF-6, which subsequently traps IRAK

specific receptor, EGFR. EGFR itself is

and activates IKK. IL-8-induced NF-KB

from the ErbB receptor family [110] .

activation

by

ERBB2, has no direct activating ligand and

interaction with TRAF-6 and partly by the

can be formed in the active state or

Rho GTPase pathway. Activated genes

activated by other members of the family

may trigger one of the pathways of IL-8-

such as EGFR after dimerization [111].

induced inflammation and angiogenesis

EGFR is dimerized and induces the

[109].

intrinsic activity of the protein tyrosine

ICAM-1.

IL-8

is

mainly

induces

mediated

healing,
and

kinase within the cell, eventually causing

The role of the AKT signaling pathway in
the induction of angiogenesis

the

auto

phosphorylation

of

several

tyrosine residues in the second C-terminal

AKT pathway kinases are involved in

EGFR. This activation and signaling auto

regulating a variety of cellular processes,

phosphorylation

including cell proliferation, cell survival

association

and size, response to tissue invasion and

of

occurs
several

due

to

proteins

the
with

phosphorylated tyrosine that are linked

angiogenesis. Many onco-proteins and

through the second SH2 phosphotyrosine.

tumor suppressors are involved in this

These signaling proteins can activate
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several signaling pathways. One of these

inhibition. These inhibitors can perform

pathways is AKT, which eventually leads

through one or more pathways. This section

to DNA synthesis and can modulate

categorizes the factors that carry out the

processes

cell

common path and provides a brief

migration and adhesion [63,112] . G-CSF is

description of the features and signaling

a cytokine and hormone secreted by various

pathway.

such

as

proliferation,

tissues and can induce cell proliferation,
differentiation

and

survival

[45].
The role of JAK-STAT signaling pathway
in inhibition of angiogenesis

Phosphatidylinositol 3-kinase (PI3K) is
activated by G-CSF. Recently, tyrosine

More than 50 cytokines work through the

kinase AKT has been identified as a target

JAK-STAT

of PI3K. AKT has a second N-terminal

orchestrate

pathway,

hematopoiesis, induction of inflammation

regulation, called the second Pleckstrin

and immune response control. Cytokines

Homology (PH), which is important for

are secreted from glycoproteins that act as

AKT activity. Phosphatidylinositol 3-4

intercellular messengers, causing their

bisphosphate, a product of PI3K, binds

target cells to proliferate, differentiate or

directly to the second AKT, PH, which

grow. These cytokines are amplified and

eventually results in AKT activation. AKT

activated by binding to their specific

has an important role in cell survival and

receptors at the target cell surface and

enhances the active expression of AKT,

elucidating

inhibits apoptosis and is responsible for

the

intracellular

signaling

pathway of phosphotyrosine by kinases

BAD phosphorylation. BAD inhibits the

then

function of death through its association

by

a

second

SH2-containing

transcription factor [114]. Interleukin-12 is

with the protein family 3-3-14, thereby

one of the cytokines involved in inhibiting

playing a role in cell survival and

angiogenesis,

proliferation [113].

stimulating

growth

and

function of T cell and stimulating the
secretion of interferon-gamma, TNFα and
Signaling pathways with inhibitory role of
cancer angiogenesis

natural killer cells [85]. JAK-STAT is the

The purpose of this review is to elucidate

cytokine binds to its receptor at the cell

the signaling pathway for angiogenesis

surface, which is a heterodimeric receptor,

signaling pathway of IL-12, in which this
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which consist of IL-12RB2 and IL-12RB1.

and is then stimulated by interferon-

IL-12RB1 plays a key role in IL-12

stimulated gene factor 3

function because it is present in activated T

Stimulated Gene Factor 3 (ISGF3) and

cells that are stimulated by cytokines that

interferon with STAT1, STAT2 and a third

promote TH1 cells and are inhibited by

transcription factor called IRF-9, which is

cytokines that promote TH2 cells. Binding

transferred into the cell nucleus; In the

of IL-12p35 to the IL-12Rβ2 receptor and

nucleus, it activates the ISRE transcription

binding of IL-12 P40 to the IL-12β1

factor, which eventually exerts its effect

receptor cause changes in the structure that

[76].

Interferon-

facilitate binding and activate JAK2 and
TYK2, which are associated with both
receptors.

Phosphorylation

The role of the JNK signaling pathway in
the inhibition of angiogenesis

and

homodimerization at the IL-12 receptor

This pathway plays a key role in the cell

lead to STAT4 signaling and activation,

proliferation and survival of cancer cell

where STAT4 enters the nucleus and exerts

apoptosis. JNK increases with increasing

its activity by affecting transcription factors

NF-KB, JAK/STAT and other signaling

[85,115]. Another inhibitor of angiogenesis

molecules to promote cell survival. JNK

is that interferons can act through this

positively

pathway. Interferons are a group of

autophagy

to

counteract apoptosis and its effect on

signaling proteins [116]. Interferons (IFN)

autophagy is related to expand the

suppress angiogenesis and endothelial cell

chemotherapy resistance. The progressive

proliferation by stimulating tumor cell-

effect of JNK may be an immune-evasion

induced angiogenesis [77]. IFN activates

mechanism mediated by transforming

the STAT signal transducer and interacts

growth

with its specific receptors. Some STATs

factor-β,

toll-like

receptors,

interferon-gamma, autophagy, and JNK-

are activated by type IFN1 and type IFN2,

dependent

but each type of IFN can activate a specific

cell

proliferation

[18].

Endostatin is one of the angiogenesis

STAT. The STAT pathway is the best

inhibitors that uses this pathway [69].

signaling pathway for all interferons,

Endostatin controls the cell cycle and

following the classic JAK/STAT signaling

suppresses

pathway. JAK, together with the IFN

anti-apoptotic

genes

in

endothelial cells [71]. Endostatin inhibits

receptor, phosphorylates STAT1, STAT2
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JNK-induced TNF activation in endothelial

forms a heterodimeric receptor complex

cells. TNF induces gene expression in

and then a second cytosolic region called

many molecules involved in inflammation,

toll (TIR) and Myeloid Differentiation

angiogenesis,

cell

proliferation

primary response gene (88) (MYD88)

induction

JNK

activation.

of

hypothesized

that

endostatin

and
It

is

forms a

complex and finally results in

inhibits

activation of tumor necrosis factor receptor

angiogenesis by blocking TNF signaling in

(TRAF6). The signal then goes to the

endothelial cells [69]. Another cytokine

nucleus and activates many transcription

that activates this pathway is IL-1, which is

factors, such as NF-KB and JNK, and these

involved in the inflammatory response,

factors exert their activity [80].

differentiation and production of white
blood cells [82] and can activate JNK
transcription factor. Thus, mature IL-1α or
IL-Iβ binds to IL-1R1 or IL-1RACP and
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Figure 1.| The angiogenesis-inducing factors which induce cell angiogenesis, proliferation, and invasion, through
different signaling pathways. G-CF, EGF, FGF2 and TNF-α can induce angiogenesis and cell proliferation through
the ERK / MAPK signaling pathway. The signaling pathway for each inducible factor is plotted in the figure and the
genes shared in the signaling pathway are with same color. NF-KB is another signaling pathway through which
angiogenesis-inducing factors including TNF-α and IL-8 can induce cell proliferation, invasion and angiogenesis.
PI3K-AKT is the next signaling pathway through which inducible factors such as G-CSF and TGF-α can mediate cell
proliferation, invasion and angiogenesis. The purpose of this figure is to explain the signaling pathways that are
effective in inducing angiogenesis that each of these factors can function through different signaling pathways. The
common genes in the Figure 1 pathways are with same color and ultimately the factors and signaling pathways
described above induce angiogenesis, proliferation, invasion and inhibition of apoptosis.

Figure 2. Various factors and signaling pathways which act as angiogenesis inhibitory agents. Figure 2 illustrates the
signaling pathways through which various factors can inhibit angiogenesis, inhibit proliferation, and induce apoptosis.
The JAK-STAT signaling pathway is one of the pathways by which IL-12 and IFN can inhibit angiogenesis and inhibit
proliferation. JNK is another signaling pathway that factors such as endostatin and IL-1 can inhibit angiogenesis and
inhibit proliferation. IL-18 and Il-1 are other angiogenesis inhibitors that NF-KB is one of the signaling pathways that
these factors can inhibit cell proliferation and angiogenesis by that. The purpose of Fig. 2 is to illustrate the signaling
pathways that eventually lead to the mentioned activities.

26
HBB. 4(1): 7-37

Jalili et al.

Regulation of angiogenesis

The role of the NF-KB signaling pathway
in the inhibition of angiogenesis

fibroblasts and is involved in inflammatory

NF-KB is a signaling pathway that can

production of white blood cells [80]. IL-1

modulate cellular processes. The NF-KB

binds to its receptor, which interacts with

pathway

different

interleukin-1 receptor kinase (IRAK and

signaling cascades and is involved in

TLR) to activate IKK. IRAK-1 enhances

different interactions in the cell. The NF-

NF-KB transcriptional activity by binding

KB

controls

to the IKβ and NF-KB regulated gene

inflammatory responses by TNF-α and IL-

promoter and also enhances binding of the

1 [12]. IL-1 and IL-18 are two cytokines

NF-KB P65 subunit to responsive elements

that can activate the NF-KB pathway, IL-

in the IKβa promoter and ultimately, after

18 is a pro-inflammatory cytokine whose

IKβα degradation, transduces NF -KB is

dysregulation can cause autoimmune and

inserted into the nucleus where NF-KB

inflammatory diseases [101,102] .The IL-

activates, activating transcription factors

18 receptor is composed of an inducible

and exerting its effect on DNA [117].

is

stimulated

signaling

by

pathway

responses,

differentiation

and

rapid

component of IL-18RA that binds mature
IL-18 with low affinity and binding to the
CONCLUSION

IL-18RB receptor. IL-18 binds the IL18RA ligand receptor and strengthens IL-

Cytokines involved in angiogenesis that

18RB to form a high affinity complex
through

the

second

Toll

can inhibit and induce angiogenesis have

Interleukin

been implicated in the inhibition or

Receptor (TIR). This second signaling

induction of angiogenesis through various

regulates the MYD88 adapter protein then

signaling pathways. The purpose of this

activates and forms the complex of TRAF6

article is to describe common signaling

and IRAK4 and eventually activates

pathways between cytokines involved in

proinflammatory and NF-KB pathways that

angiogenesis. Many drugs can affect these

affect intracellular transcription factors and

signaling pathways by affecting one or

these activating factors. Have been doing

more of the components of signaling

their task [98]. Another cytokine is the IL-

pathways that alter the activity of the genes

1 pathway. This cytokine can be activated

involved in these signaling pathways.

by different ways [80,81]. IL-1 is secreted
by

macrophages,

monocytes

MAPK/ERK is one of the signaling

and

pathways through which cytokines such as
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G-CSF, FGF2, and TNF-α work their way

angiogenesis and induce apoptosis through

and induce cell proliferation, inhibition of

the JNK signaling pathway. Erianin has an

apoptosis and angiogenesis. DHA is a

antitumor

derivative of artemisinin and has anti-

which works by inhibiting cell proliferation

angiogenic activity and induces apoptosis

and inducing apoptosis by ROS on treated

through

and

cells. IFN and IL-12, which are involved in

affects

the inhibition of angiogenesis and can

transcription factors including C-MYC and

function through the JAK-STAT signaling

C-FOS. Other factors including TNF-α, 1L-

pathway. JQ1 is a drug that can affect this

8, IL-18 and IL-1 can function through the

pathway and by affecting C-MYC induce

NF-KB signaling pathway that inhibits

apoptosis and inhibits the proliferation. If

angiogenesis, inhibits proliferation, IL-18

each of these factors be out of balance, can

and IL-1 cytokines. And TNF-α and IL-8

cause a wide range of cancers. So the

cytokines are involved in inducing cell

inhibition of angiogenesis can be an

proliferation and inducing angiogenesis.

effective

metformin and ginsenoside Rk1 are among

treatment of cancer.

P38

transcriptional

MAPK

activation

repression

and

and

anti-angiogenic

therapeutic

the drugs that affect this signaling pathway.

strategy

effect,

in

the
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