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Abstract: Angiogenesis, as a process occurring under the regulation of a variety of factors,
is one of the important ways of vascular development. It coexists in a variety of pathological
and physiological processes. Now a large number of studies have proved that tumor growth,
metastasis, and various vascular complications of diabetes are closely related to angiogen-
esis, and an increasing number of studies have shown that there are many common factors
between the two. But angiogenesis is the opposite of the two: it is enhanced in tumors and
suppressed in diabetes. Therefore, this review discusses the causes of the phenomenon from
the expression of various factors affecting angiogenesis in these two diseases and their
effects on angiogenesis in the relevant microenvironment, as well as the application status
of these factors or cells as therapeutic targets in the treatment of these two diseases.
Keywords: diabetes mellitus, tumor, angiogenesis, differences, tumor microenvironment,
hypoxia

Introduction

Two major diseases threatening human health are diabetes and tumor, among which
tumor is a multi-factor and heterogeneous disease, and the incidence of tumor is
increasing year by year, bringing more and more medical burden to human beings.
Diabetes mellitus is a chronic multi- factor metabolic disease.! According to the statistics,
in 2019, about 463 million adults, aging from 20 to 79, suffer from diabetes worldwide,
and the vast majority of them are type 2 diabetes patients. It is widely recognized that the
metastasis and development of tumors, as well as the clinical symptoms related to
diabetes, such as diabetic foot, and retinopathy, all involve a common problem:
angiogenesis.

Angiogenesis, considered as a process of new blood vessel formation from pre-
existing vessels caused by changes in the growth state of endothelial cells and an
imbalance between pro- and anti-angiogenic factors, with the pro-angiogenic factors as
the predominance? is one of the ways of the development of blood vessels and the other is
vasculogenesis. Angiogenesis can be divided into physiological and pathological angio-
genesis. Physiological angiogenesis is mainly seen in wound repair and endometrial

hyperplasia during the menstrual cycle,*°

while pathological angiogenesis is mainly
seen in tumors, chronic hepatitis, diabetes, etc. Besides, angiogenesis is mainly divided
into two forms intussusception and budding, among which budding is more common,
and the angiogenesis mentioned below mainly refers to budding angiogenesis.

Tumor angiogenesis has an unavoidable topic: tumor microenvironment (TME).

The tumor microenvironment is composed of extra-cellular matrix (ECM), blood
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vessels, and non-transformed cells such as fibroblasts,
adipocytes, glandular cells, and immune cells.' Among
them, the hypoxic tumor microenvironment is the key
feature of many solid tumor tissues, and tumor cells and
tumor microenvironment form a mutually beneficial and
coexisting relationship, promoting angiogenesis and facil-
itating its growth. Although there is blood vessels co-
select to promote tumor growth and spread,™’® current
mainstream research results still indicate that angiogenesis
is a necessary condition for rapid tumor growth and metas-
tasis. Moreover, tumor angiogenesis does not occur at the
beginning, but after the tumor grows to a certain extent.
However, compared with normal new blood vessels, the
new blood vessels in tumor tissue are tortuous, disorga-
nized, brittle, and highly permeable.”'’

As we all know, the cause of disability and death of
diabetic patients is often not diabetes itself, but a variety of
vascular complications of diabetes, among which two com-
plications are more special than any others. One of them is
retinopathy, initially resulted from degradation and capil-
lary vascular network formation, which then leads to patho-
logical new blood vessels as a compensatory response.'’
Currently, several relevant literatures have proved that vas-
cular endothelial growth factor (VEGF) plays the most
critical role,'> and VEGF level will increase with the dura-
tion of diabetes.'* However, the study of Dan-Yang Chen
et al indicated that semaphorin 3G (Sema3G) can promote
the normalization of retinopathy vessels, so Sema3G is
likely to become a new target for retinopathy treatment in
the future.'" The other is atherosclerosis. When complicated
by the disease, the proliferation and migration of the acti-
vated vascular smooth muscle cells (VSMC), leads to vas-
cular luminal stenosis and local oxygen,'* and lack of
oxygen, which further results in many pathophysiological
processes, such as accumulation of reactive oxygen species
(ROS), and hypoxia inducible factor-1 (HIF — 1) and
endothelial damage as its result,'”> VEGF,'® long non-
coding RNA- H19 (IncRNA - H19)!” and so on promote
angiogenesis factor increases increasing and leads to patho-
logical blood vessel formation, The unstable easily broken
blood vessels and often means the speeding up of the
development of atherosclerosis. In addition to the above
two complications, diabetes mellitus is characterized by
decreased overall expression of angiogenic factors such as
stromal cell-derived factor-1 (SDF-1), VEGF, HIF-1, gran-
ulocyte colony- stimulating factor (G-CSF), and the recep-
tor CXC chemokine receptor type 4 (CXCR4) in the heart,
vascular system and wound, etc. Therefore, on the whole,

diabetic patients are still mainly manifested by insufficient
angiogenesis.'®

Tumor and diabetes mellitus themselves have many
common metabolic risk factors, such as high insulin,
high insulin-like growth factor, etc., and it has been proved
that the occurrence and development mechanism of the
two are closely related.'®*® Therefore, in theory, the two
should show similar performances. Then, why the diabetes
patients mainly show inhibition of angiogenesis, while the
tumor patients show obvious enhancement of angiogen-
esis, which promotes its development and metastasis,
should be analyzed from various factors affecting angio-
genesis. Then, after finding these influencing factors, can
we artificially create or enhance the effects of these factors
that are conducive to angiogenesis in these tumors in the
diabetic microenvironment, so as to promote angiogenesis
in diabetes? This could be used to treat diabetic foot,
a complication caused by inadequate angiogenesis.
Correspondingly, of course, it can also be used to treat
tumors by inhibiting relevant factors. Or when a diabetic
patient suffers from tumor, whether these factors can be
adjusted to enhance the effect of chemotherapy drugs,
inhibit the growth of tumor, or even achieve the goal of
“self-healing”.

VEGF

It is well known that VEGF is the most effective factor in
promoting angiogenesis. There are seven isostructural
forms of VEGF, among which VEGF-A is a powerful
stimulating factor of angiogenesis, and its expression and
action are closely related to hypoxia.>*' From the results
available now, VEGF is mainly increased in tumors, while
mainly decreased in diabetes. The cause of this phenom-
enon mainly include the following: MHypoxia.:
from the past that hypoxia is a hallmark of the tumor
microenvironment. In diabetes, hypoxia, compared to the
tumor, is generally not significant compared to the tumor,
unless atherosclerosis is involved. In addition, the long-
term hyperglycemia status can cause the decrease of the
reactivity of tissue cells to hypoxia. Hypoxia promotes the
activation of HIF, thereby upregulating VEGF. Hypoxia
also promotes the expression of phosducin-like 3
(PDCL3), which regulates angiogenesis by increasing
VEGFR-2 expression. Therefore, it is expected to control
tumor angiogenesis by increasing the content of oxygen in
the tumor microenvironment, so as to achieve the purpose
growth. @
Hyperglycemia first induces the activation of NADPH

of inhibiting tumor Hyperglycemia:
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oxidase to produce ROS, and induces the activity of argi-
nase, which leads to the loss of eNOS activity and then the
reduction of NO. Plus, the process produces reactive nitro-
gen and the toxic effects of hyperglycemia itself. Together,
these four factors lead to the destruction of endothelial
cells and the decomposition of VEGFR2, leading to
reduced production and low utilization of VEGF. In addi-
tion, it should not be ignored that chronic high blood
glucose can produce AGEs, which can induce VEGF
resistance and uncoupling of VEGF and NO caused by
high blood glucose itself, resulting in low bioavailability
of NO. Therefore, hyperglycemia is an important reason
for the low level of VEGF and low angiogenesis in dia-
betic patients."'??"*3-37 (3) inflammation: inflammation is
characteristic of both common®*** but chronic inflamma-
tion of diabetes and the accumulation of the AGEs, inhi-
bits the early inflammatory gene expression, reduces the
number of activated macrophages, and damages its
function,?® resulting in a reduction in the secretion of
VEGF levels.'? In addition, lack of new blood vessels
can lead to other local nutrition supply, and block the
migration of inflammatory cells, which makes the ability
of local immune cells to produce VEGF more restricted. In
the tumor microenvironment, macrophages are trans-
formed into tumor-associated macrophages (TAMS) to
secrete VEGF, and the inflammatory mediator cyclooxy-
genase-2 (COX-2)/ microsomal prostaglandin E synthase-
1 (mPGES-1) tumor cells are overexpressed to promote
VEGF expression.””> @ other pathways: JAK2/STAT3
pathway in the tumor microenvironment, angiotensin II

(ANG-II), metallothionein 2 (MT2) have been proved
that they can be induced by VEGF expression;** &
Different cell types in their microenvironment: retinal
pigment epithelial cells, tumor cells, and tumor stromal
cells have all been proved to produce a large amount of
VEGF. Unfortunately, these VEGF-producing cells are not
present in other tissues of diabetes, resulting in the appear-
ance of low VEGF levels.

What is interesting is that current experimental and
clinical treatment results show that the efficacy of VEGF
treatment in the two diseases is also quite different. In
terms of tumor therapy, Bevacizumab hinders the forma-
tion of new blood vessels by inhibiting the effect of
VEGF-A.?*?7 However, it is only effective for some can-
cers. More data show that Bevacizumab has an unsatisfac-
tory therapeutic effect on a variety of tumors, including
breast cancer, and even causes rapid progression of many
tumors.>**2° In particular, Andreas Stadlbauer et al used

a novel multiparametric MRI and TME mapping to point
out: After Bevacizumab treatment, the neovascularized
tumor volume increased again from 35.7% to 39.9% at
the second follow-up. The active tumor volume increased
again from 30.2% to 33.1% at the 3rd month after treat-
ment. This may be due to the induction of other vascular
growth factors to replace VEGF when anti-VEGF therapy
is administered at high doses or for long periods,® or to
the fact that the factors leading to metastasis and angio-
genesis have not yet been identified. In the treatment of
diabetes, VEGF replacement therapy has shown initial
results in the treatment of wound healing and reversal of
myocardial apoptosis.'?> Also, for the treatment of retino-
pathy, the use of anti-VEGF agents in the treatment of this
disease is beneficial,” but side effects of systemic admin-
istration or topical application of the eye should be
avoided.

HIF-1
HIF-1 is a dimer complex composed of o subunit and P
subunit, and the synthesis and stable aggregation of HIF-
la is a key link in determining HIF-1 activity. Under
hypoxia, HIF-1a is up- regulated, leading to the expression
of angiogenic factors, such as VEGF, angiopoietins 2
(Ang-2), SDF-1, platelet-derived growth factor (PDGF),
and microRNA210 (miRNA210)."® Besides, it can be
further regulated through other pathways including phos-
phoinositide 3-kinase.'® Similar to VEGF, HIF-1 is highly
expressed around tumors while low expressed in the dia-
betes-related microenvironment. This phenomenon can be
analyzed from the two aspects of HIF-1 generation and
degradation. O Generation: Insulin-like growth factor 1
(IGF1)/IGF1R has been reported to activate HIF-1a trans-
duction in breast tumors.” Moreover, local hypoxia also
increases HIF-1 expression. However, in diabetes, high
glucose concentration leads to increased hyperoxide
level, which induces the accumulation of pyruvaldehyde
in cells, and reduces the protein level and transcriptional
activity of HIF-1a.'"® @ Degradation: Under hypoxic con-
ditions, HIF-1a is not degraded but binds to the HIF-1p
subunit to form HIF-1. On the other hand, interleukin —6
(IL-6) secreted by tumor cells can inhibit the expression of
p53, thus inhibiting HIF-lo degradation.®’ In diabetes,
high glucose promotes HIF-1a degradation through multi-
ple pathways, resulting in decreased HIF-1a expression.
The reasons why HIF-la is decreased in diabetic
patients with both hypoxia and hyperglycemia at the
wound, are based on the following facts: the environment
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in the early stage of wound formation will stimulate the
production of HIF-la, but hyperglycemia reduces the
release of SDF- 1 and VEGF. It can be speculated that
there are two reasons for this phenomenon: @ Other key
downstream links of angiogenesis are damaged, leading to
HIF-1lo accumulation in the wound area, and HIF-la
transcription and expression are inhibited by negative
feedback.@) Besides, the toxicity of high glucose itself
on HIF-la further reduces the expression of HIF-la,
which leads to the decrease of HIF-1la in the local late
wound of diabetic patients. On the other hand, in addition
to promoting angiogenesis, HIF-la helps acidify the
microenvironment of tumor cells, inhibits citrate cycle
(TCA cycle) metabolism, and enhances genes in the gly-
colysis pathway, thereby supporting tumor growth and
metastasis.>? In terms of treatment, Lan Lin et al have
demonstrated that

BML-111 can inhibit HIF-1 and COX-2 by utilizing
VEGF or CoCI2 to mimic tumor microenvironment
in vitro. In contrast, HIF-1 is more difficult to treat dia-
betes because high expression of HIF-la may induce or
aggravate retinopathy. However, HIF-1a has also been
reported to be used in patients with no-option critical

limb ischemia.'®

NO

NO can be synthesized by three nitric oxide synthases
(NOS), and NO is mainly produced by endothelial nitric
oxide synthase (eNOS).>* Under physiological conditions,
NOS in vascular endothelial cells can synthesize small doses
of NO, while HIF-1, VEGF, and SDF-1 can further increase
NO release through various pathways under ischemia and
hypoxia conditions. The effect of NO may depend on the
environment and cell type and concentration.*> Low concen-
trations of NO increases intracellular cyclic guanosine mono-
phosphate (cGMP) in response to VEGF stimulation of
high inhibits
angiogenesis.>* What is interesting is that not only VEGF

angiogenesis,  while concentrations
and HIF-1 regulate the synthesis and secretion of NO in
various ways,”**> but also eNOS and NO in response are
believed to increase VEGF expression and HIF-1 activity,
thereby stimulating angiogenesis.>**°

Similar to the above two factors, NO is also highly
expressed in tumors and low-expressed in diabetes. The
reasons can be attributed to different characteristics of the
microenvironment and different substances in the microen-
vironment. (D The characteristics of the microenvironment

are different: in the hypoxic tumor microenvironment, high

expression of HIF can promote high expression of NOS,
synthesis, and release of NO. Under a high glucose envir-
onment, various pathways lead to the down-regulation of
eNOS expression and the reduction of phosphorylation, the
reduction of VEGF release, the uncoupling of VEGF and
NO, and the induction of arginase consumption of NO
precursor arginine, leading to the reduction of NO synthesis
and release and low bioavailability'**” @ Different sub-
stances in the environment: VEGF, fibroblast growth factor
(FGF), and other factors are released around tumors, which
can activate relevant signaling pathways and lead to the
activation of eNOS.® High insulin in diabetic patients inhi-
bits the endothelial production of bioavailable NO. Papers
have shown that both the reduction of endothelial precursor
cells (EPCs) quantity and the inhibition of migration caused
by hyperglycemia are closely related to the decrease of NO
production or abnormal activity. However, NO has multiple
effects on tumor biology, depending on the concentration of
NO in the tumor tissue, duration of exposure, NOS activity
level, tumor type, nature of the surrounding microenviron-
ment, and sensitivity of related cells to NO.** So different
yielded different
Suboticki et al proved through DNA Sequencing, Isolation
ofTotal RNA, RT-PCR, Western Blot and other methods
that there is a positive correlation between VEGF and

experiments have results: Tijana

eNOS levels in granulocytes of MPNs. However, Amir
M. Alsharabasy et al explored the regulatory effect of NO
on MMPs.**3*38 In the treatment of diabetes, chronic mor-
phine treatment®® and Metformin®® have achieved good
results in animal models. However, in the treatment of
cancer, few reports have been on the therapeutic effect
achieved by inhibiting NO. This may due to the multiple
pathways and factors in the tumor-related environment,
leading to an increase in NO expression. Therefore, when
all pathways cannot be all blocked, other pathways may be
likely to compensate, resulting in an insignificant decrease
in NO.

MMPs

Matrix metalloproteinases (MMPs), a family of Zn2p-
dependent endopeptidases, are responsible for the digestion
of a variety of extracellular matrix (ECM) components, also
have the ability to promote endothelial cell proliferation and
migration, and are important pro-angiogenic factors.>*
Moreover, the activity of these MMPs is regulated in various
ways, such as NO, tissue inhibitor of metalloproteinases
(TIMPs), etc.***¢ Also, activated proteinl (AP-1) and NF-

kB are believed to be related to the expression of MMP-9.*
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However, MMP-9 may harm angiogenesis by producing
angiostatin.*’

The hypersecretion of MMPs is due to hypoxia, the direct
secretion of tumor-associated inflammatory cells, the carrying
of some tumor exosomes, and the regulation of NO in some
tumors [2,29,31,38,48,49,50,51,52,]. However, in diabetes
mellitus, the conclusions seem contradictory: it is generally
believed that hyperglycemia impresses the expression of
MMP-1, MMP-2, and MMP- 9 in smooth muscle cells.
However, Meijia Zhu et al showed more expression of
MMP-9 when ischemia was combined with diabetes by
using immunohistochemistry, Western blot and SDS-Page
zymography.*” It may be that the combination of ischemia
and diabetes activates another pathway that increases MMP-9
production. The key mechanism of EPCs reduction in diabetes
is also believed to be closely related to MMP-9.*"*" In tumors,
MMP-1, MMP-2, and MMP-9 are involved in metastasis, in
which MMP-9 also induces angiogenesis and tumor growth in
some tumors.>®**4 In some tumors, Circular RNAs
(CircRNAs) are also involved in ECM remodeling by regulat-
ing the expression of MMPs.®> MMPs related therapy: block-
ing urokinase- type plasminogen activator (uPA) and MMP-9
in tumors has been shown to inhibit TAM-induced invasion;49
In diabetes, Amadori-glycated phosphatidylethanolamine
(Amadori-PE) stimulates the secretion of MMP-2 and pro-
motes neovascularization.*

FGF
It is now widely believed that VEGF and FGF are the
main inducers of angiogenesis, but FGF and VEGF are
different in that VEGF acts more selectively, while the
FGF family shows biological effects on various cell
types.”’ Similar to VEGF, FGF also exerts its effects by
binding to receptors.”® Besides, FGF, transforming growth
factor (TGF-B), and PDGF can jointly promote VEGF
expression. Basic FGF (bFGF) and prostaglandin El
(PGE1), members of the FGF family, are believed to
have synergistic effects, and the effect depends on the
number of up-regulated VEGF.”® Besides, endocan is
also believed to have a regulatory effect on bFGE.®

Due to the secretion of bFGF by tumor cells themselves,
TAMs, and cancer associated fibroblasts (CAFs), the carry-
ing of exosomes, and the promoting effect of COX-2/
mPGES-1, FGF is highly expressed in the microenvironment

6.3132.38.50.60 However, in diabetes, differ-

of various tumors.
ent experiments have drawn different conclusions: some
believe that the expression of FGF is increased, while others

believe that there is no abnormality.>> This may be related to

different measurement methods and specific microenviron-
ment differences in different patients and in different parts of
the same patient. In tumors, the anti-angiogenesis of inter-
feron and the development of drug resistance in some
tumors®> may be related to bFGF, especially the occurrence
and development of endometrial cancer.® In the early stage of
diabetes, bFGF may increase, but in the long-term high-
glucose environment, bFGF can covalently bind with redu-
cing sugar to form glycated fibroblast growth factor (gFGF),
and this process may be an important reason for the decline
of EPCs function. FGF-related therapies in tumors: HRGP
attenuates the effects of FGF; in diabetes: PGE1 can effec-
tively improve the angiogenic characteristics of bFGF in
patients with diabetes,’® and Leptin can increase the release
of bFGF,?° so these substances may be used as related ther-
apeutic drugs. Besides, preventing the formation of gFGF or
reducing gFGF may become a new target for the treatment of
diabetic microangiopathy.

PDGF

There are four monomers in the PDGF family, and every
monomer, playing an important role in promoting angio-
genesis and angiogenesis maturation, forms homodimer
through disulfide bonds. Among those monomers, PDGF-
B can induce endothelial cell proliferation, migration, and
stability of the vascular structure. PDGF-D can regulate
the VEGF signal.’' However, excessive PDGF function is
also not conducive to angiogenesis, which may be related
to increased pericyte recruitment and vascular maturation
of PDGF-B, or it may be that a high concentration of
PDGF-B has an inhibitory effect on pericytes. Besides,
neuropilin 1 (Nrpl) is also believed to have a certain
connection with PDGF.

As the long-term stimulation of diabetes itself, the
activation of PKC and other factors, promote the synthesis
of PDGF is promoted to, increases the level of PDGF in
the retina and kidney of diabetic patients, further advance
the formation of new blood vessels by stimulating inter-
cellular adhesion molecule - 1 (IGAM-1) and other ways,
and aggravate microvascular-related lesions. The tumor
microenvironment also contains abundant PDGF, possibly
for the following reasons: TAMs****7%3 and CAFs®'*
can secrete PDGF, and on the other hand, active HIF-1 can
increase the release of PDGF under hypoxia conditions.*
PDGF promotes tumor angiogenesis through its effects
and co-action with other factors,® but overexpression of
PDGF-B significantly inhibits tumor growth in vivo. This
may be related to other signaling pathways that have not
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yet been discovered, such as the negative feedback inhibi-
tion of PDGF on VEGF and CAFs. Overexpression of
PDGF-B activates one or more of these pathways, result-
ing in an inhibitory effect. Dual blocking of PDGFRf/
VEGEFR is effective in preclinical and clinical studies of
tumors and has also been shown to be effective with
imatinib or by blocking PDGF receptors.

ANG

Ang is also an important pro-angiogenic factor that reg-
ulates angiogenesis by binding to Tie-2 receptors.*®® The
effect of Ang-2 is influenced by the microenvironment:
when VEGF is highly expressed, angiogenesis is pro-
moted; when VEGF is deficient, competitive antagonism
of Ang-1 reduces neovascularization by promoting vascu-
lar maturation and stabilizing neovascularization. Serum
Ang-2 levels are closely related to the severity of diabetic
retinopathy, and the longer the course of diabetes, the
higher the level of Ang-2 levels. Synergistic with VEGF,
Ang-2 levels promotes angiogenesis and the occurrence of
retinopathy. Similarly, high concentrations of VEGF in the
tumor microenvironment promote Ang-2 as angiogenesis.’
Moreover, Ang-2 is a potential surrogate marker of liver
metastasis in patients with metastatic colorectal cancer.*
In terms of tumor therapy, inhibition of VEGFR2-Ang-2
by dual inhibition has shown good efficacy in preclinical
models.®®

PAI-I

Plasminogen activator inhibitor-1 (PAI-1), a major physio-
logical inhibitor of endogenous plasminogen activators, is
synthesized by perivascular cells and is extremely unstable
in vitro and in vivo, but can be stabilized by binding to
vitronectin and affects angiogenesis by interacting with the
u-PA receptor.”’ PAI-1 is highly expressed in both diabetes
and tumor, but its effects are different: in diabetes, it
impresses angiogenesis and promotes the formation of
atherosclerotic plaques;*® however, its effect on tumor
has a dual nature: PAI-1 promotes angiogenesis by inhibit-
ing PA at the physiological level; However, it can inhibit
tumor angiogenesis at the pharmacological level,”® but the
further

mechanism of this phenomenon still needs

clarification.

Pericytes

It is now widely recognized that pericyte recruitment and
attachment play a very important role in the stability of
neovascularity.””>"® Pericyte loss in diabetic patients may

be related to PDGF-B secretion,® ROS production, and
AGEs production,® and it is believed that pericyte loss
is also closely related to diabetic retinopathy and diabetic
nephropathy.”** Pericytes are sparse in the tumor micro-
environment, which is conducive to tumor invasion and
metastasis.®® Moreover, tumor-associated cells (TACs)
support angiogenesis, a process in associated with peri-

cytes as well.”!

TNF-a

Tumor necrosis factor-alpha (TNF-a) can stimulate the
release of angiogenesis promoters such as bFGF and
VEGF-A and increase the transcription of the VEGFR-2
gene. Meanwhile, NF-kB has also been shown to be down-
stream of TNF-q,’® so it has the effect of promoting
angiogenesis. The circulating level of TNF-a is increased
in diabetic patients,”® and TNF-a is also highly expressed
in tumors, but the reason for the increase in diabetic
patients still needs further study. TNF-a may be produced
by many different cells during tumor elevation, including
M2-type macrophages, TAMs, tumor cells, etc.,*>>%7!72
and it has been shown that TNF-o promotes tumor
angiogenesis.”'

TGF-B

It is well known that TGF-f is also one of many angiogen-
esis regulators. It has a strong influence on angiogenesis
through PAI-1 regulation,® VEGF expression,' the pro-
motion of new vascular stability,*® and the regulation of
both the proliferation and migration of vascular smooth
muscle cells. Due to the secretion of exosomes released by
some tumors containing TGF- B,>® CAFs,*' TAMs*~?),
T regulatory cell, and other cells, TGF-p, in a state of high
expression in tumors, promotes tumor angiogenesis and
has the role of transforming surrounding fibroblasts into
CAFs.® Besides, Endoglin from the TGF-B family of
receptors. It is also used in 133 patients with Colorectal
cancer by ELISA of soluble Endoglin and VEGF, immu-
nohistochemistry, total RNA extraction, cDNA synthesis,
and quantitative real-time PCR proved that it was closely
related to tumor angiogenesis.”” In diabetes, glucose,
directly and indirectly, stimulates the expression of
VEGF-A in podocytes through TGF-B, and the increase
of VEGF-A inhibits the expression of TGF-B, which is
a negative feedback mechanism.?' Moreover, HIF-1 upre-
gulation of VEGF in ischemic diabetes is directly or indir-
ectly regulated by 31TGF-B."?
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ROS

ROS plays an important role in the control of apoptosis and
proliferation, in which a moderate increase in ROS level is
conducive to cell proliferation, while excessive ROS induces
apoptosis, by a mechanism that may be related to intracel-
Iular Ca2+ inflow, and CYP450 can increase oxidative stress
and induce cytotoxicity together with ROS,> and ROS is
involved in the generation of blood vessels.”**

It is different from other factors previously introduced:
both diabetes and tumor-related microenvironment are
highly expressed, and the mechanism of this phenomenon

the ®

Microenvironment characteristics: hypoxia can promote

is related to following two aspects:
high ROS in the tumor microenvironment;’' high glucose
induces and activates nicotinamide adenine dinucleotide
phosphate (NADPH) oxidases to produce ROS.*’ @
Induction of other substances: Tumor-associated TNF-a
can increase ROS formation.?® Although ROS are highly
expressed in both, they seem to have opposite effects. In
diabetes, VEGF resistance and podocyte extirpation are
closely related to high ROS, and the reduced expression
of SDF-1 and VEGF in the heart and vascular system of
diabetes is also believed to be related to the excessive
production of ROS.*' But in tumors, ROS through the
way such as activation of NF-KB participate in tumor
angiogenesis.”® In terms of tumor treatment, decylubiqui-
none and Benznidazole have anti- tumor effects by indu-
cing ROS overproduction, while Brain angiogenesis
inhibitor 1 (BAI1) has been shown to inhibit ROS produc-
tion and is expected to achieve therapeutic effects.”>>*
Therefore, in general, both treatments, raising basic ROS
levels to toxic levels and reducing ROS levels, are effec-
tive targets for tumor therapy. In the treatment of diabetes,
Epicatechin has been proven to activate eNOS and has

. . 6
achieved a certain efficacy.’

SDF-1/ CXCR4 (a Receptor of
SDF-1)

We have previously mentioned that HIF-1 expression is
increased in hypoxia, resulting in increased levels of
downstream angiogenic factors, of which SDF-1 is a key
factor. SDF-1 can promote VEGF synthesis, inhibit EPCs
apoptosis,*’ and cooperate with endothelial progenitor
cells to promote angiogenesis.'® SDF-1/CXCR4 signaling
can also regulate the mobilization and homing of hemato-
poietic stem cells and circulating angiogenic cells and

plays an important role in the recruitment of bone marrow
cells.'®42

Similarly, the high level of SDF-1 in tumors and the
low level in diabetes are also related to the characteristics
of these two diseases in the microenvironment and other
pathways.(D Microenvironmental characteristics: hyper-
glycemia can reduce the release of SDF-1, and this inhi-
bitory effect increases with the increase of blood glucose.
Concerning tumors, hypoxia itself increases CXCR4
expression in the associated cells or modulates CXCR4
expression through HIF-1 and VEGF.*> @ Another path-
way: SDF-1 expression is reduced in diabetes due to
inhibition of EP3 signal;** in tumors, CAFs have been
shown to secrete SDF—l,8 and some exosomes of tumor
cells are rich in CXCR4 chemokine receptors.’® These
factors all lead to high levels of SDF-1 high expressing
CXCRA4 of relevant cells in the tumor microenvironment,
while in a low expression state in diabetes. Relevant
treatment options for SDF - 1 in the treatment of diabetes

43 trans-

has achieved gratifying results: Rosiglitazone,
plantation of adipose-derived stem cells,**** and EP3
(a prostaglandin E receptor subtype) excited agent all
have achieved satisfactory curative effect on diabetes
mice. Besides, insulin treatment can significantly improve
the level of plasma VEGF and SDF - 1, so this may mean
that increasing insulin levels, and taking good control of
blood sugar levels, are likely to increase angiogenesis-
thus related ischemic

related factor, improving

symptoms.

AGEs

AGEs, produced by non-enzymatic glycation of reducing
sugars with free amino acids on macromolecules such as
proteins and nucleic acids, exert corresponding effects
through binding to their receptor (RAGE) receptors.®’
Under high glucose conditions, the production of 3-
the
Glyoxalase 1 (Glo1)* preventing the accumulation of
AGEs will lead to the increase of AGEs levels.

Elevated AGEs concentrations are known to lead to

deoxyglucosidone®” and  also deficiency of

vascular dysfunction and impaired angiogenesis in diabetes.
The mechanism of this phenomenon may be that AGEs can
directly activate the p38 and extracellular signal-regulated
protein kinases 1 and 2 (ERK1/2) signaling pathways
through binding to their receptors and induce VEGF’s resis-
tance. AGEs activate the MAPK pathway and promote the
apoptosis of EPCs. However, Jeong-Ho Oak et al reported
that AGESs can also activate angiogenesis and play a positive
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role in the development of diabetic microangiopathy.*’ So
whether AGEs play a promoting or inhibiting role may
depend on the specific environment in which they act.
Aminoguanidine has shown promising results in the treat-
ment of multiple diabetic complications by inhibiting AGEs.
Besides, AGEs themselves also have the effect of promoting
angiogenesis, and the concentration of AGEs is increased in
the high glucose environment. In theory, it should be easier
to achieve the therapeutic effect by inducing its positive
promoting effect on angiogenesis.

Wnt/p-Catenin

Both Wingless and Int-related protein (Wnt) and B-catenin
are multifunctional proteins, in which the expression of -
catenin is necessary for Sema3G-mediated pathological
vascular remodeling mediated, and the Wnt/B-catenin sig-
naling pathway formed by both can prevent autophagy and

64,77 etc.

apoptosis, and then promote angiogenesis,
However, with the absence of Wnt ligands in this pathway,
B-catenin degrades.®

In diabetes, continuous blood glucose elevation can
activate the Wnt/B-catenin signaling pathway in the
heart, retina, kidney, etc., thereby accelerating the patho-
physiological processes. Similarly, B-catenin is overactive
in some tumors, is involved in promoting angiogenesis and
metastasis.*®*> Wnt4 is highly expressed in colorectal
cancer and converts NFs to CAFs through activation of
the Wnt4/B-catenin pathway.®® Similarly, WNT2 has been
shown to promote CAFs migration, ECM modification,
and angiogenesis in colorectal cancer.®” Recognized as
an important target for cancer therapy, the Wnt/B-catenin
pathway, with Ipafricept bindings Wnt ligand to the fusion
protein of Wnt signaling, and has achieved good results

when used in combination with standard chemotherapy.®®

Exosome
As nanoscale extracellular vesicles first discovered in the
supernatant of sheep red blood cells, exosomes can be
secreted by various types of living cells and exist in
various body fluids.®" This vesicle, initially regarded as
a “waste product” produced by cells, has been found to
contain a variety of proteins, lipids, DNA, and RNA
involved in a variety of biological processes.®

The role of exosomes in regulating tumor angiogenesis
has been reported many times, but different tumors and
different types of exosomes have different mechanisms of
action: exosomes of chronic myeloid leukemia cells pro-
mote interaction with

angiogenesis through direct

endothelial cells (ECs).*® Exosomes secreted by melanoma
cells can induce the formation of CAFs and trigger their
pro-angiogenic effects. Besides, hypoxia can promote the
secretion of exosomes in multiple myeloma and lung
cancer.>®>? The number of serum exosomes in diabetic
mice also significantly increases, and the number of exo-
somes released by glomerular mesangial cells is positively
correlated with glucose concentration. However, different
from tumors, exosomes secreted by these cells (such as
cardiomyocytes) in diabetes are more inclined to inhibit
angiogenesis by reducing NO production in endothelial
cells and other mechanisms, thus promoting the occur-
rence and development of diabetes. Besides, the manifes-
tation of tumor- associated exosomes has also become one
important targets of oncology therapy. It has now been
proved that manumycin A and Carboxyamidotriazole oro-
tate inhibit the angiogenesis induced by exosomes by
inhibiting their generation or action.’® Moreover, some
exosomes can be used to improve the drug resistance of
tumors, and certain substances in exosomes are also con-
sidered as auxiliary diagnostic indicators. However,
because exosomes contain too many substances and their
mechanism of action is complex, it is still difficult to
implement them in clinical practice.

EPCs

EPCs, as primitive cells originating from bone marrow,
can differentiate into vascular endothelial cells with the
potential to proliferate and migrate. In the process, VEGF
may play a key role.'? EPCs can secrete VEGF, bFGF, and
other cytokines to promote angiogenesis.®*” Besides, EPCs
can stabilize the intima of blood vessels and repair
damaged blood vessels. In a diabetic state, due to
increased ROS production, the combination of inhibited
phosphorylation of eNOS, decreased secretion of VEGF
and SDF-1, production of gFGF, and inhibitory effect of
AGEs on EPCs, all result in the abnormal function, and
quantity of EPCs and end up with diabetic vascular
complications.*® Therefore, an increase in the number
EPCs is
a promising treatment strategy for angiogenesis-related

and/or activity of autologous considered
diseases. However, the effect of increasing the number of
diabetic EPCs and improving functional impairment by
culture is not ideal.”* Therefore, allograft seems to be
a better option, and studies have shown that transplanted
EPCs can integrate into damaged blood vessels and secrete
growth factors to promote angiogenesis.*® However, for

allotransplantation, immune rejection is also a problem
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that cannot be ignored, so the relevant treatment plan still
needs to be further optimized.

TAMs

TAMs are a large family of macrophages*’ and are the
most abundant population of tumor-infiltrating immune
cells in TME.?>**% M1 or M2 macrophages are induced
by Thl and Th2 cytokines, respectively, are the two main
cell subtypes of TAMs. Moreover, the two effects are
opposite: M1 macrophages are mainly involved in killing
tumor cells, while M2 macrophages can promote
angiogenesis.”’>"** Moreover, TAMs are regarded as
a major source of VEGF-A.®°

Some data have shown that Sema4a,”> VEGF,®® and HIF-
1?° can promote TAMs recruitment to further advance angio-
genesis. Besides, tumor cells, HIF-1, IL-10, lactic acid, and
pyruvate in the hypoxic environment are thought to activate
the pro-angiogenesis process in TAMs.>® Moreover, the
number of TAMs in colon cancer is positively correlated
with the number of blood vessels.*’ Treatment regimens for
TAMs are mainly divided into four directions:*’ removal of
macrophages, restriction of TAMs recruitment, inhibition of
TAMSs activation, and increase of M1 and decrease of M2.
The last regimen has achieved results in mouse models of
breast cancer: After a third dose of trastuzumab was given,
the percent of M1 macrophages significantly increased from

13.38 + 3.65% to 31.07 + 2.9% (P = 0.02), and comparison

of vessel maturation and percent M1 macrophages from flow
analysis revealed a significant positive linear correlation (R =
0.33, P = 0.04).”°

CAFs
CAFs are an important part of the tumor
microenvironment,**>"%%7® and one of the most abun-

dant cell types in stromal cells of various tumors, includ-
ing breast cancer.*®’® In essence, CAFs are heterogeneous
fibroblasts activated by various stimuli (such as PDGF,
TGF-p, VEGF, IL-6, etc.).>>'**>! Besides, IncRNA,
miRNA-9, miRNA-200, and Wnt4 /B-catenin signaling

pathways also play this role,®®7%"’

while Wnt2 plays
a role in promoting CAFs migration.®’

CAFs can secrete VEGF, FGF, and other factors,s’31
up-regulate the expression of MMPs and mediate the
degradation of ECM (,”' and recruit endothelial progenitor
cells into tumor stroma to promote tumor angiogenesis.®
Besides, CAFs have also been shown to regulate the tumor
microenvironment, promote tumor growth, support tumor
cell migration, and increase tumor invasion.*®3!:6%7
Therefore, CAFs may also become a new therapeutic

target for tumors.

Conclusions and Perspectives
Angiogenesis is a complex process regulated by multiple
factors, in which VEGF plays a major role. In the tumor-
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Figure | Interactions between angiogenic factors in diabetes mellitus and cancer. Hypoxia and hyperglycemia are the main characteristics of the microenvironment of tumor
and diabetes mellitus. Hypoxia mainly promotes angiogenic factors, while hyperglycemia mainly inhibits them. VEGF, HIF-1, SDF-1, Ang-2, FGF and so on are the main factors
affecting angiogenesis. EPCs, Pericytes, TAMS, CAFs, etc. These are the main cells involved in angiogenesis. These factors and cells are closely related to each other. It is the
presence of these connections and pathways that account for the huge differences in angiogenesis between diabetes mellitus and tumors.
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associated microenvironment, angiogenesis is significantly
enhanced and promoted, while in the diabetes-associated
microenvironment, angiogenesis is mainly inhibited to
varying degrees, leading to a variety of vascular
complications.

Hypoxia is the main inducement of angiogenesis in
tumor tissue. Hypoxia can promote transcription activation
of HIF, thereby up-regulating the expression of various

pro-angiogenesis factors and promoting angiogenesis.

Besides, CAFs, TAMS, regulatory T cells, and tumor-
associated exosomes secrete or carry various pro-
angiogenic factors, such as VEGF, TGF-, IL-10, IL-35,
and microRNA, etc.,, and then promote angiogenesis
through various pathways and mechanisms, thus promot-
ing the occurrence and development of tumors. The
decrease of angiogenesis in diabetes is mainly due to the
direct or indirect toxicity of long-term hyperglycemia,
which leads to endothelial dysfunction and the decline of

Table | New Advances of Angiogenesis Factors in Tumor and Diabetes

Diabetes Mellitus

low expression, promotes angiogenesis

low expression, promotes angiogenesis

low expression, promotes angiogenesis

low expression, promotes angiogenesis

low expression, promotes angiogenesis

low expression, promotes angiogenesis

low expression, promotes angiogenesis

high/low expression, promotes /inhibits angiogenesis
high expression, inhibits angiogenesis

high expression/normal, promotes angiogenesis

high expression, inhibits angiogenesis

high expression, promotes angiogenesis

high/low expression, promotes angiogenesis
production increased, promotes /inhibits angiogenesis
high expression, promotes angiogenesis

high expression, promotes angiogenesis

high expression, promotes angiogenesis

low expression, promotes angiogenesis

high expression, promotes angiogenesis

high expression, promotes angiogenesis

low expression, promotes angiogenesis

high expression, promotes angiogenesis

high/low expression, promotes /inhibits angiogenesis
high expression, promotes/inhibits angiogenesis

high expression, inhibits angiogenesis

high expression, inhibits angiogenesis

high expression, inhibits angiogenesis

high expression, inhibits angiogenesis

high expression, inhibits angiogenesis

lost, stabilize new blood vessels

decline in activity/number, promotes angiogenesis

inhibited, promotes angiogenesis

Factors Influencing Angiogenesis Tumor

VEGF' high expression, promotes angiogenesis

HIF-12 high expression, promotes angiogenesis

NO? high expression, promotes/inhibits angiogenesis
SDF-1%/ CXCR4® high expression, promotes angiogenesis
COX-25/mPGES-17/PGE2® high expression, promotes angiogenesis

MMP®-| high expression, promotes angiogenesis

MMP-2 high expression, promotes angiogenesis

MMP-9 high expression, promotes /inhibits angiogenesis
ROS'® high expression, promotes angiogenesis

FGF"! high expression, promotes angiogenesis

PAI-1'2 high expression, promotes /inhibits angiogenesis
TNF-a'? high expression, promotes angiogenesis
TGF'-B high expression, promotes angiogenesis
Exosomes production increased, promotes angiogenesis
PDGF'® high expression, promotes /inhibits angiogenesis
Wht'®/B-catenin high expression, promotes angiogenesis
Ang-2"7 high expression, promotes angiogenesis

IGFI'8 high expression, promotes angiogenesis

Leptin high expression, promotes angiogenesis
IGAM-1"? high expression, promotes angiogenesis

Nrpl%° high expression, promotes angiogenesis
Semaphorins high expression, promotes/inhibits angiogenesis
miRNAs?' high/low expression, promotes /inhibits angiogenesis
AGEs*

gFGF??

PEDF** low expression, inhibits angiogenesis

SHP-1% high/low expression, inhibits angiogenesis
Endostatin low expression, inhibits angiogenesis
Angiostatin low expression, inhibits angiogenesis

Pericytes sparse, promotes angiogenesis

EPCs?¢

TAMs? activated, promotes angiogenesis

CAFs® activated, promotes angiogenesis

MSCs* activated, promotes angiogenesis

Overall effect Angiogenesis is enhanced

Angiogenesis is reduced

Notes: ' vascular endothelial growth factor; 2 hypoxia inducible factor-
cyclooxygenase-2; ’ microsomal prostaglandin E synthase-1; 8 prostaglandin E2; ° matrix metalloproteinases;
plasminogen activator inhibitor-1; ' tumor necrosis factor-alpha;

;3

14 15

transforming growth factor;

nitric oxide; * stromal cell-derived factor-

I; ° the receptor CXC chemokine receptor type 4; ©

'0 reactive oxygen species; '' fibroblast growth factor; '

platelet-derived growth factor; 1 Wingless and Int-related protein;

angiopoietins 2; '® Insulin-like growth factor I; '? intercellular adhesion molecule - 1; 2° neuropilin I; 2'microRNA; *%advanced glycation end products; 2 basic fibroblast
growth factor; 2* platelet derived growth factor; 2° SRc homology-2-domain-containing phosphatase-1; 2¢ Endothelial precursor cells; 27 tumor-associated macrophages; 2
cancer associated fibroblasts; 29Mesenchymal stem cells.
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various pro-angiogenesis factors. Also, a high concentra-
tion of insulin decreases the bioavailability of NO, and the
generation of AGEs and gFGF play important roles in this
process. The effects of hypoxia and hyperglycemia on
each factor, as well as the interaction between each factor,
are shown in Figure 1.

In addition, abnormalities of well-known angiogenesis
inhibitors such as platelet derived growth factor (PEDF),
SRc homology-2-domain-containing phosphatase-1 (SHP-

38,47,58,85 38,47,86,87,89 are also

1), endostatin and angiostatin
important in the occurrence and development of these two
diseases. For example, PEDF: high levels of PEDF are
closely associated with diabetic retinopathy and wound
healing.'>"® Similarly, low levels of PEDF in tumors
promote their development and are associated with poor
prognosis.”” SHP-1 is similar to PEDF in that it is highly
expressed in diabetes and inhibits angiogenesis through
various mechanisms.?' Low expression in tumors pro-
motes angiogenesis.*® Other factors not mentioned in the
previous article also play an important role in tumor and
diabetes angiogenesis through their own pathways, such as
Semaphorins®'#2, mesenchymal stem cells
(MSCs),**383188 IGF1, Leptin,® IGAM?'»%573 COX-
2/mPGES-1/PGE2%** Nrp>**** miRNAs, etc. However,
as shown in Table 1, the overall result is still an increase in
factors that promote angiogenesis and a decrease in inhi-
bitors in tumors, leading to a great deal of angiogenesis in
tumors, whereas the opposite is true in diabetes.

In addition to the related factors mentioned in this paper, it
can be speculated that the reason why angiogenesis is inhib-
ited in diabetes but promoted in tumors may also be related to
the change of receptor configuration caused by long-term
exposure to the relevant specific microenvironment, which
leads to the failure of the corresponding information trans-
mission after the binding of VEGF and other molecules to the
receptor. Even the binding rate of these molecules to the
receptor decreases, and thus the conduction -efficiency
decreases. On the other hand, it can also be speculated that
whether the related genes controlling the expression of these
factors are changed in the microenvironment related to dia-
betes and cancer patients, thus leading to the change in the
amount of the expression types of related factors.

However, at present, VEGF, FGF, and other factors still
have many deficiencies and defects in the treatment of angio-
genesis, no matter in diabetes or tumor, so they cannot become
effective clinical treatment targets, and there is no treatment
strategy for anti-tumor development and anti- diabetic com-
plications that has been recognized by all clinical aspects.

Therefore, in the microenvironment of diabetes and tumors,
there is still a long way to go for tumor therapy to inhibit
angiogenesis and diabetes therapy to promote angiogenesis.
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