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Abstract

Alzheimer’s disease (AD) is a paramount chronic neurodegenerative condition that has been affecting elderly people since the
1900s. It causes memory loss, disorientation, and poor mental function. AD is considered to be one of the most serious problems
that dementia sufferers face. Despite extensive investigation, the pathological origin of Alzheimer’s disease remains a mystery.
The amyloid cascade theory and the vascular hypothesis, which stresses the buildup of A3 plaques, have dominated research into
dementia and aging throughout history. However, research into this task failed to yield the long-awaited therapeutic miracle lead
for Alzheimer’s disease. Perhaps a hypothetical fragility in the context of Alzheimer’s disease was regarded as a state distinct
from aging in general, as suggested by the angiogenesis hypothesis, which suggests that old age is one state associated with
upregulation of angiogenic growth factors, resulting in decreased microcirculation throughout the body. There has also been
evidence that by controlling or inhibiting the components involved in the sequence of events that cause angiogenesis, there is a
visible progression in AD patients. In Alzheimer’s disease, one such antiangiogenic drug is being used.
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Introduction

Alzheimer’s disease (AD) is a prime cause of dysfunction and
reduced standards of living in the aged population (Kawas and
Brookmeyer 2001). The principal pathological attributes are
the generation of senile plaques and vasculature with
amyloid-3 angiopathy. Both comprise agglomerates of «-,
-, I'-, and b6-secretase-derived 40—42 residue amyloid
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precursor protein (APP) segments (Beyreuther et al. 1991;
Bayer et al. 2001). Additionally, neurofibrillary tangles
(NFTs) are located in neuronal cells which chiefly comprise
hyperphosphorylated tau proteins (Lowe et al. 1993).
Accordingly, uncertainties in amyloid-{34, and tau protein
concentration in the cerebral regions are typical hallmarks of
AD (Kanai et al. 1998). Despite several factors that have been
recognized to impact the pathological framework of AD,
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adjacent interactivity between the independent pathological
mechanisms and even proteins is believed to mobilize the
disease (Takashima et al. 1993). Lately, damaged cerebral
blood flow has been recognized in both the etiology and path-
ophysiology of AD. Multiple pieces of research have mani-
fested persistent cerebral hypoperfusion in patients with AD
(De jong et al. 1997), and it was proposed that counting si-
multaneously with endothelial aberration, hypoperfusion is a
central factor in the progression of AD. At least 1/3rd of AD
cases possibly evince substantial cerebrovascular pathophysi-
ology, which is condensed as small vessel disease (Vinters
et al. 1996; Moody et al. 1997). Though A itself is regarded
to be supremely neurotoxic (Hardy et al. 1998), increased
expression of cytokines and stimulation of microglial cells
and astrocytes catalyze further neuronal degradation in the
vicinage of A3 plaques (Frautschy et al. 1998). Also, support
for the Af-inflammation-angiogenesis relationship in AD
arises from analytical research associated with expression de-
grees of certain genes under the aegis of DNA array and pro-
teomic studies (Lukiw et al. 2000). Endostatin (ES) is a
20-kDa COOH-cleaved segment derived from structural pro-
tein, specifically type XVIII collagen, that functions as an
endogenous angiogenic forbidder by modifying the
pro-angiogenic action of numerous growth modulators. FGF
(fibroblast growth factor) and vascular permeability factor
(VEGF) (Standker et al. 1997) prevent endothelial expansion
and translocation in vitro and limit angiogenesis and tumor
formation in vivo by accelerating endothelial cell apoptosis
(Dhanabal et al. 1999a). Biochemical analysis disclosed that
the capability of ES to impede angiogenesis is induced
through zinc binding and elastase refining (Wen et al. 1999),
as the general endostatin level was located in elastic fibers in
the vessel walls (Miosge et al. 1999). Intriguingly, endostatin
decreases intimal angiogenesis and plaque development in the
apolipoprotein E (ApoE)—deficit model (Moulton et al. 1999).
Such discoveries are of particular interest, as ApoE is a prime
genetic peril for AD (Roses 1995). Dual-labeling studies
disclosed the association of endostatin in A3 plaques and
tau deposits, enclosed by focal gliosis. Furthermore, the
Western blotting technique discovered elevated endostatin ex-
pression in an AD patient in contrast to controls (Moulton
et al. 1999). Preliminary data revealed that endostatin is liber-
ated by neural cells to deposit in AP plaques in AD brains
(Deininger et al. 2002).

This review targets the potential role of endostatin in path-
ological studies of Alzheimer’s disease in association with
deposits of A3 plaques, which are considered among the most
potent angiogenic inhibitors. It also elaborates on the new
hypothetical basis in the context of the pathophysiology of
AD, namely, the angiogenesis hypothesis, which could be
regarded as a novel approach in acknowledging the progres-
sion of AD, consequently disclosing the complex novel inter-
actions among the angiogenic modulators and ES, unfolding

new approaches for the expansion of novel treatment policies
in context to AD. The writer aims to represent the significance
of ES as a possible therapeutic target and the role of angio-
genesis in the pathology of AD along with diverse modulators
of angiogenesis interacting with endostatin in one or another
way thus facilitating the advancement in a suitable therapeutic
regime for AD.

Angiogenesis hypothesis

Among the diverse neurodegenerative diseases, Alzheimer’s
disease, a persistent form of nerve cell atrophy, is well known
to affect older humans and is the habitual origin of dementia
(Weller and Budson n.d.). Alzheimer’s disease is regarded as
a democratic process and as a persistent form of neuronal cell
degeneration among several neurodegenerative diseases
(Katzman 1993). The maximum number of AD cases has been
outlined among individuals belonging to or above the 65-year
age group (Evans et al. 1989; Lyketsos et al. 1997). AD out-
lines nearly around 2/3 of prevailing cases of senile dementia
(Ol 1994). It is now the principal chore to recognize the pre-
liminary risk factors for AD because several neurodegenera-
tive processes underlying Alzheimer’s disease may start at
midlife. Locating these risk factors may enlighten the patho-
physiology of AD and also come up with novel possible av-
enues for its prevention and therapy (Kivipelto et al. 2001).
Although the precise root of Alzheimer’s disease has been a
concern so far, the amyloid cascade hypothesis is the most
described and well-considered visional core of AD. After a
while, this hypothesis has gone through several variations,
firstly in the explanation of the pathogenic identity of A3 that
is proposed to start detrimental episodes giving rise to AD.
The primary proposal that senile plaques are disease-causing
is currently fired on a specific basis (Terry et al. 1991).
Eventually, the recent idea that higher series soluble agglom-
erates of A3 plaques are the chief disease-causing agents cap-
tivated considerable attention (Glabe 2005). The complete
pathogenesis of AD is composite and multi-factorial.
Despite that A3 even now is distinctly connotated in AD,
the field has been suggested to review another hypothesis
besides A3 as the central core of the disease (Kalaria 2002).
There are arising manifestations that alterations in the vascu-
lature of cerebral and peripheral regions lead the way to al-
tered blood flow to the brain and may act as a condition for
progressing AD (Dickstein et al. 2010). This reconsideration
is demonstrated in the “angiogenesis hypothesis,” which sug-
gests that old age is a part of a lacking state associated with a
reduction in angiogenic growth factors, which successively
generates decreased microcirculation all over the body (as
shown in Fig. 1). This insufficiency is considered to be re-
sponsible for the development of early signs and symptoms of
old age, namely decreased stamina, developing muscle
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Fig. 1 The angiogenesis hypothesis is known to be catalyzed by various pro-angiogenic growth factors as listed in the figure, which ultimately causes

cell death as observed in Alzheimer’s disease

weakness, cold intolerance, and insignificant memory lapses.
The last may lead to the development of senile dementia. This
possible theory of AD pathogenesis emerges via diverse in-
vestigational AD considerations, including blood-brain barrier
dysfunction as well as compromised cerebral circulation
(Bookheimer et al. 2000; Iadecola 2004), and has been
assessed, proposing that impaired clearance processes at the
BBB impact the aggregation of A protein in the AD cere-
brum (Bell and Zlokovic 2009). Novel studies have shown
designate that pathological brain angiogenesis (abnormal evo-
lution of new cells from the previous ones) potentially arises
as a result of AP plaque deposition followed by BBB dys-
function in AD (Vagnucci Jr and Li 2003). A vital move in
acknowledging the source of the onset of Alzheimer’s is
distinguishing what the beginning ways are involved in the
neurodegenerative event. The 2 chief vascular forerunners un-
der the angiogenesis hypothesis for the neurodegenerative al-
terations and A3 accumulation arising in AD are the failure of
the BBB permeability (Ujiie et al. 2003) and impaired CBF
(hypoperfusion) (Dickstein et al. 2006). Additionally, the in-
flammatory alterations noticed in AD patients provide a route
for the advancement of angiogenic regulators such as VEGF,
leading to abnormal angiogenesis resulting in A3 plaques that
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might get advanced (Desai et al. 2009). Also, compromised
BBB in AD may cause agglomeration of undesirable and ac-
tive neurolysin entities in the brain (Zlokovic 2008). CBF
residing in the brain acts as a chief factor affecting BBB per-
meability and AP concentration in the brain, thus giving rise
to increased permeability when critically lowered. Aging and
the existence of the ApoE €4 allele also cause a reduction in
CBF (Thambisetty et al. 2010). The case for angiogenic pa-
thology in Alzheimer’s disease is reinforced by the direct re-
lationship between dementia and cerebrovascular amyloid
angiopathy (CAA), which occurs in around 90% of total AD
cases (Vinters 1987). CAA was identified by utilizing the
appearance of A3 deposits in the neuronal and pial small
capillaries or arteries in association with dementia (Holton
et al. 2001; Jellinger 2007). Furthermore, the emission of an-
giogenic cytokines like TNF-o, VEGF, and thrombin through
upregulation of inflammatory processes in AD implies an an-
giogenic process. The exact mechanism by which A3 pro-
vokes angiogenesis is extremely preserved and may be inter-
vened by the activity of notch signaling and I'-secretase
(Boscolo et al. 2007). The angiogenesis hypothesis supports
that Alzheimer’s may occur due to an age-associated reduc-
tion in new blood vessel formation, which may affect blood
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flow in smaller vessels. As a consequence, it could be consid-
ered as a novel approach to understanding the progression of
AD and dementia (Ambrose 2016) (as shown in Fig. 1).

Endostatin and its architectural background

Endostatin (ES) is a derivative of protein, namely collagen
XVIII, attained after cleavage from the COOH terminal,
which is a member of the multiplexen subfamily and is mostly
expressed as heparan sulfate proteoglycan collagen (HSPGs)
in the vascular epithelium as well as the basement membrane.
The collagen XVIII is commonly found in 3 forms—short,
middle, and long isoform. ES is known to exhibit inhibition
activity against angiogenesis that could be due to its
heparin-binding and elastase processing (Ding et al. 1998).
The molecular mechanism supporting the angiogenesis
inhibiting activity of endostatin has not been explained so
far (van Horssen et al. 2002). Recently, endostatin has been
examined as aggregates in neuronal and paracellular A3 de-
posits associated with AD through isolation from well-defined
media of hemangioendothelioma (EOMA) cells (Bachinger
2005). Modern studies also suggest that endostatin suppresses
several biological cycles and various pathways related to an-
giogenic actions. Endostatin is the foremost indigenous
antiangiogenic agent that came across as a segment of the
extracellular matrix and is the most researched among multi-
ple angiogenic inhibitors (Abdollahi 2004). The development
of endostatin involves 2 prime steps—first, a metal-reliant
step producing endostatin-comprising large segments, which
on further cleavage by a proteolytic enzyme, elastase, and the
addition of an N-terminal section to the fragment, makes it
identical to the functional endostatin (O'Reilly et al. 1997).
The three distinct forms of cathepsins (proteases) that can
produce ES are type B, type L, and type K, of which type L
has maximal efficacy whereas type K has the least efficiency
(Walia et al. 2015). Cathepsins L and B are also known to
possess activity for the degradation of endostatin (Ferreras
et al. 2000). The complex structure of ES is edged by an
NH2-terminal domain and a COOH-terminal domain. It has
10 proteinaceous collagen domains distributed within 11
non-collagenous domains (as shown in Fig. 2). In addition,
it also has 3 alpha-1 chains which on oligomerization form a
homotrimeric collagen type XVIII, a hinge domain for prote-
ase target, and an antiangiogenic domain having 20 kDa of
molecular weight (Digtyar et al. 2007). The human endostatin
monomer form contains a 7-strand beta-sheet (E, F, A, P, M,
O) which has a fibronectin-like plasma structure (as shown in
Fig. 3) (Gordon and Hahn 2010). Recombinant endostatin
(rES) isolated from transfected human nephrons exhibits
marked affinity for heparin (Hohenester et al. 1998). The 3D
examination of the ES fragment by X-ray chromatography at a
resolution of 1.5 A disclosed a closely packed molecule

possessing a huge basic set of 11 arginine (Arg) remnants
comprising the heparin attaching set assembled into 2 distinct
zones: a large site consisting of Arg 24, 27, 53, and 139 and a
small site comprising Arg 62 and 63. This particular set of
residues was recently shown to exhibit the inhibiting activity
of induced angiogenesis (Sasaki et al. 1999). At first, it was
proposed that Zn-binding activity is necessary for angiogenic
inhibiting activity. Subsequently, reports have failed to vali-
date the relationship between Zn-binding and antiangiogenic
activity or inhibition of endothelial cell proliferation
(Yamaguchi et al. 1999). Lately, it was reported that zinc most
probably plays a structural instead of a functional role in
endostatin (Wickstrom et al. 2004; Faye et al. 2009).
Though, it was supported that heparan coordinates with the
arginine clumps of endostatin through sulfate anions, regulat-
ing the antiangiogenic activity (Blackhall et al. 2003). It was
also suggested that sulfate is the most essential anion required
for stabilizing the folding median at acidic pH so that heparan
sulfate can adhere to endostatin (Ricard-Blum et al. 2004;
Goto et al. 1990) (Fig. 2).

Emerging roles of endostatin as a dynamic
antiangiogenic agent in AD

Endostatin has strong anti-endothelial cell activities which
include cell multiplication, migration, binding, and survival,
which are all essential for angiogenesis (Dhanabal et al.
1999b; Dixelius et al. 2000). The accurate molecular expres-
sion of endostatin, however, remains unclear, despite multiple
ES attaching proteins have been implicated in its activity
(Karumanchi et al. 2001). However, even if these receptors
are required, the antiangiogenic action of endostatin remains
an enigma. Endostatin binding proteins on the endothelial cell
membrane. Nucleolin (NL) isolated from HMECs was cited
as a vital part of regulating the antiangiogenic action of
endostatin (Shi et al. 2007). Furthermore, endostatin binds to
heparan sulfate, tropomyosin, caveolin-1, VEGFR-1, and
VEGFR-2 and was the latest molecule to rely on E-selectin
expression to be efficiently active (Ricard-Blum et al. 2004;
Yu et al. 2004). Endostatin also affects basic fibroblast growth
factor (bFGF) producing signal transmission, which inhibits
endotheliocyte migration, thus provoking apoptosis via cyclin
D1 inhibition and arresting the cell division of endotheliocytes
in the G1 phase (Dixelius et al. 2002). Under the influence of
ES, the TNF-« intervened actuation of the JNK pathway is
inhibited, consequencing the repression of the pro-angiogenic
gene expression controlled by JNK (Yin et al. 2002). The
potential of endostatin to inhibit angiogenic stimulators by
stimulating their antagonists appears to be an intermittent mat-
ter in the above considerations. A considerable realization
emerging from such investigations is that distinct pathways
are believed to work simultaneously to accomplish an
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Fig. 2 Schematic representation
of generation and structure of
endostatin. The endostatin is
produced by the activity of
several enzymes such as matrix
metalloproteinases (MMPs),
cathepsins, and elastases on NC1
domain of collagen XVIII
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organized antiangiogenic activity after endostatin therapy
(Abdollahi et al. 2004). A possible role of endostatin in re-
spective facets of the pathological studies of AD has been
previously elucidated. HSPGs have the potential to upregulate
fibril formation as indicated, both in vivo and in vitro in a rat
model, along with the inhibition of proteolytic disintegration
of amyloid plaques by stabilizing these deposits
(Gupta-Bansal et al. 1995; van Horssen et al. 2002).
Besides, immuno-chemical aspects discovered that heparan
sulfate proteoglycans are associated with A3 plaques, tau de-
position, and cerebrovascular amyloid protein aggregates
(Verbeek et al. 1999; Salza et al. 2015). Moreover, sufferers
of Down’s syndrome have a higher probability of acquiring
AD, having a considerably large extent of endogenous
endostatin (Zorick et al. 2001). Multiple considerations were
implicated in describing the specific role of endostatin in AD.
A couple of novel bio-marker aspirants have been proposed

@ Springer

for distinctive detection of Alzheimer’s in isolated studies un-
der which the proportion of endostatin/A{342 in CSF was
manifested to upgrade the discovery approaches of AD
(Oeckl et al. 2016; Sato 2017). It has also been investigated
in preliminary studies that endo-all-Ala (a contrasting
transfected form of wild-type endostatin lacking disulfide
pairs) instantly forms amyloid-like fibrils at a moderately
low pH. This low pH constantly resides in older brains accom-
panied by cerebral acidosis (Yates et al. 1990). Contrastingly,
endo-all-Ala was shown to possess larger hydrophobic stains
at this pH along with inferior stability, which may contribute
to its amyloid plaque deposition tendency. This discovery
suggests that the disulfide linkages are of marked significance
in preserving corroboration and hindering the fibrilization of
ES (He et al. 2006). However, endostatin is usually more
prone to partial denaturation and experiences subsequent ag-
gregation steps directing to the formation of compactly
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Fig. 3 Pleiotropic effects of
endostatin. The protective role of
endostatin in Alzheimer’s disease
is based upon its ability to
downregulate and upregulate the
pro-angiogenic factors and
antiangiogenic factors, respec-
tively, thus maintaining the range
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arranged aggregates. Primarily, these partly unfolded proteins
or their fragments combine and form small soluble aggregates,
leading to the development of protofibrils. Eventually, mature
fibrils assemble and are accumulated as plaques. Such fibrillar
agglomerates are categorized as amyloid plaques based on the
presence of cross-f3 form (piled (3 sheets consisting of flat and
non-twirled 3 strands), not viewed in globular proteins. In
Alzheimer’s disease, endostatin is related to A3 plaques ad-
joining focal gliosis (Gebbink et al. 2004). Recently, research
showed that endostatin is discharged by neural cells to deposit
it in A3 plaques in AD. Moreover, the current uncoverings
suggest that the disturbances in endothelial functioning in
such communities of AD victims resulted in distinct modifi-
cations in mediators of angiogenesis. In summation, peripher-
al endostatin concentrations allow intervention and associa-
tion amid endothelial functioning and cognitive activity in a
community at higher risk of acquiring AD. Ultimately,
endostatin can certainly intervene in the connection between
endothelial function and cognitive activity (Isaacs-Trepanier
et al. 2020). Accordingly, endostatin is an example of an en-
dogenous broad-spectrum antiangiogenic particle mediating
several factors, as shown in Fig. 3.

Endostatin downregulates VEGF

Vascular endothelial growth factor (VEGF), or vascular per-
meability factor (VPF), was initially illustrated as an endothe-
lial cell-distinct mitogenic agent that assists cell proliferation
and is a powerful agent for mediating vascular porosity
(Watson et al. 2000). The gene encoding for VEGF is located
on chromosome 6p21.3 and is meant to be regulated by a
collection of modulators, including cytokines,

lipopolysaccharide (LPS), hormones (e.g., progesterone),
and hypoxia. VEGF signaling is managed by crosstalk with
multiple receptors largely. Receptor tyrosine kinases (RTKSs),
namely, VEGFR-1, VEGFR-2, and VEGFR-3, vary signifi-
cantly in their signaling activities (Ferrara 1999). VEGF binds
to the associated VEGF receptor (VEGFR) to cause receptor
homodimerization/heterodimerization, directing to actuate the
Tyr-kinases along with auto-phosphorylation of Tyr remnants
in the intracellular domains of the receptor to mediate imme-
diate responses. VEGFR-1 participates in an essential role in
anatomical and pathological angiogenesis. VEGFR-2 is con-
sidered the initiator of endothelial cell proliferation that
straightly controls tumor angiogenesis, whereas VEGF
receptor-3 joins with VEGF-C and VEGF-D to increase en-
dothelial cell signaling and reproduction (Yehya et al. 2018).
VEGF signaling accelerates visual angiogenesis all over the
brain infarcts. Possibly, the condition of brain hypoxia in-
duces the expression of VEGF, which mediates angiogenesis.
Contrastingly, only minute levels of VEGF can be traced in a
healthy adult brain (Tarkowski et al. 2002). The polymor-
phism activity within the VEGF promoter lately was related
to the possibility of acquiring AD. The degree of cognitive
decline was affected by an evident interaction between the
APOE 4 allele and the VEGF A allele in AD patients. A
prominent degree of plasma VEGF has appeared in AD pa-
tients as compared to controls (Rogers and D'Amato 2006).
VEGF appearance was remarked in overactive astrocytes and
pericardiac aggregates in AD patients, indicating the existence
of modulatory systems recompensing for inadequate vascular-
ization and decreased psychical perfusion; elevated VEGF
immune activity was located in the neocortex of AD patients,
implicating major neurotrophic outcomes in the mental
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degeneration cascade. Though, the deposition of VEGF in the
A deposits in AD brains has been lately outlined (Del Bo
et al. 2009). In the state of AD, there are merging manifesta-
tions concerning upregulation and downregulation of expres-
sion of the VEGF A gene in the blood, brain, and CSF. For
instance, the degree of proteins of the VEGFA gene was de-
scribed as being elated in the case of patients with AD as
compared to healthy cases largely in plasma and the central
parietal cortex (Miners et al. 2016). Furthermore, increased
VEGF concentration in the case of AD has been identified
with lack of pericytes, enhanced permeability of the BBB,
and chronic basis of tangle pathophysiology. Besides, there
is an indication of suppression of VEGF A in the case of
Alzheimer’s pathology, provisional to the sampled area of
the brain and the VEGF A isoform. For instance, they
remarked superior VEGF189 levels and inferior VEGF121
levels in the hippocampus region of AD brains in contrast with
the adult brain. Despite the complicated and varied indications
of AD with regard to VEGF levels, there are multiple emerg-
ing indications that overexpression of VEGF may possess a
neuroprotective function (Hohman et al. 2015). Consequently,
its application could have major significance in the treatment
of AD. There is advancing acknowledgment of the occurrence
of factors that conquer neovascularization, consequently
allowing a counterbalance to pro-angiogenic proliferating
agents like VPF. For example, endostatin suppresses angio-
genesis by acting indirectly downregulating MMP-9 and
therefore hindering the discharge of ECM cohered VEGF. It
can act directly on endothelial tissue via CD36 (membrane
protein) as well (Im et al. 2005). This study provides major
novel understandings into the mechanisms of action of this
antiangiogenic agent, which may employ a direct effect on
endothelial cells in the context of AD.

Endostatin mediated inhibition of MMPs

The matrix metallopeptidases/MMPs or matrixins belong to a
family of membrane-coupled neutral endopeptidases consti-
tuting a broad range of substrates formed by numerous cell
categories, namely, epithelial tissue, fibroblasts, and inflam-
matory cell lines. Matrixins are generated by multiple endo-
thelial tissues, namely, MMP-1, MMP-2, MMP -9, and MMP
-14 (Stetler-Stevenson 1999). The standard architecture of
MMPs possesses an NH2-edged zymogenic propeptide re-
gion, a metal-based catalytic region, a linker domain, and a
COOH-edged hemopexin-like region. The matrixin family
can be sub-grouped into 6 sub-classes, namely, (1)
gelatinases, (2) stromelysins, (3) collagenases, (4) MMP
membrane-type, (5) matrilysins, and (6) remaining MMPs
showing a vast range of functions and actions in different
tissues (Quintero-Fabian et al. 2019). MMPs have also been
manifested indirectly affecting the neovascularization process
by adjusting EC adhesion, proliferation, and migration.
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Despite this, MMPs have been considered to be
pro-angiogenic in nature, as some MMPs are also complex
in the hindrance of angiogenesis by releasing matrix-based
angiogenesis hindering factors, including endostatin from its
precursor protein in the ECM (Ohlund et al. 2008). On the
other hand, the result of various MMPs is to deteriorate APP,
causing agglomeration of A3 peptides along with the magni-
fied expression of matrixins as regarded in association with
postmortem brains of AD patients, proposing the action of
MMPs in pathological studies of AD. Of these, the MMP-9
was observed to take part in the most essential step in the
pathology of AD. Over-activity of MMP-9 was found to be
associated with a matrix of neural cells, neurofibrillary tangles
(NFTs), amyloid plaques, and vessels of the hippocampus and
cerebral cortex of AD patients. Apart from the MMP-9 iso-
form, MMP-2 also possesses medicinal importance in the
pathological study of AD. As designated in research, the
anti-MMP agent, which is presumably largely specified for
MMP-9 and MMP-2, inhibits A 3-induced liberation of lactate
dehydrogenase in primary cultured neurons, proposing the
contribution of MMP-9 and MMP-2 in A [3-induced neurotox-
icity (Felbor et al. 2000; Brkic et al. 2015). Endostatin is
intended for inhibiting the activation of proMMP-2 in endo-
thelial cell culture. For the research on the association between
anti-invasive actions of endostatin and blocking of activities
of MMPs, the action of endostatin on the concentration and
signaling of MMPs in human umbilical vein endothelial cells
(HUVECs) was done. Gelatin zymography of the nutrient
media was executed and the results were noted, which spec-
ifies that activation of proMMP-2 released from HUVECs can
be blocked by endostatin. For further confirmation that the
inhibition of proMMP-2 activation resulted from the existence
of endostatin, endostatin was restrained from the purified
endostatin system with the help of an anti-FLAG antibody
bead accompanied by inspection of activation of MMPs.
The endostatin drained sample entirely lost its inhibitory ac-
tion on proMMP-2 activation as demonstrated by gelatin
zymography and Western blotting technique. Additionally, it
was unable to block endothelial cell invasion. Thus, it was
confirmed that endostatin inhibits proMMP-2, emphasizing
its role in the treatment of AD (Kim et al. 2000).

Endostatin mediated activity of angiopoietins

The earliest studies regarding tyrosine protein kinases
(tyr-PrK) were demonstrated by endothelial cells (EC) and
murine cardiogenesis guided to acknowledge the TEK gene
for the Tie-1 and Tie-2 family of receptor Tyr-kinases (Fagiani
and Christofori 2013). The angiopoietin (Ang)-Tie ligand re-
ceptor complex plays a central role in directing vascular ad-
herence and latency. Despite its role in angiogenesis, it also
acts as a principal modulator in states like inflammation.
Activation of Ang-1-negotiated Tie2 is needed to support
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the latent phase of the endothelium, whereas Ang-2 sabotages
the dormant endothelium, potentiating it to acknowledge any
external stimulant, thus advancing the expression of inflam-
matory (TNF and interleukin-1) and proliferating (VEGF) cy-
tokines (Fiedler and Augustin 2006). Angiopoietins largely
Ang-1, Ang-2, Ang-3, and Ang-4 are regular substrates for
the Tie-2 RTKSs, which are highly expressed in EC and hema-
topoietic cells (Morisada et al. 2006). The considerable in-
spection of the present studies suggests that Angiopoeitin-1
plasma concentrations are atypically upregulated in
Alzheimer’s cases in contrast to healthy brains. Secondly,
considering the activity of abnormal Ang-1 plasma concentra-
tions and MMSE concentrations in patients with AD, the ex-
tent of Ang-1 is inversely related to MMSE levels, assessed in
the AD community, highlighting that a low grade of cognitive
performance is linked to elevated Angl plasma concentrations
(Schreitmiiller et al. 2012; Gurnik et al. 2016).
Angiopoietin-like 4 (ANGPTL-4), a hypoxia catalyzed regu-
lator, is expressed largely in reactive astrocytes when signified
in postmortem brains of AD patients, which consecutively
increases migration and sprouting of endothelial cells. These
discoveries suggest that the location of angiopoietin levels
may assist the persisting diagnostic techniques for
Alzheimer’s disease (Chakraborty et al. 2018). In addition,
FOXA-2 has been traced in association with the existence
and progression of Alzheimer’s disease. However, it remains
enigmatic concerning the specific action of FOXA-2 in AD.
The bioinformatic examination specified that FOXA-2 may
serve as an upregulated goal in the Ang-1-prompted
amyloid-f3 synthesis (Peng et al. 2020). Endostatin directly
inhibits angiogenesis by binding to angiopoietin or indirectly
by inhibiting angiopoietin activity with Flk-1 and Flt-1 to
downregulate VEGF-mediated Tyr-phosphorylation of
VEGF-receptors. Endostatin competitively inhibits
angiopoietin’s attachment to its receptors and contrastingly
behaves as an antagonizing angiogenic factor by blocking
angiopoietin-activated EC propagation and relocation in the
brain (Klagsbrun and Moses 1999; Oikonomou et al. 2011;
Mohamed et al. 2011).

Endostatin suppressed FGF expression

The first fibroblast growth factor (FGF), or commonly known
as the basic fibroblast growth factor—bFGF, was recognized
as the pro-angiogenic unit. Presently, the FGF family is famil-
iar with possessing not less than 20 factors, out of which
approx 30—70% possess similar orders of primary amino acids
(Cross and Claesson-Welsh 2001). FGF-2 is well known to
have a high capacity to prompt angiogenesis. The capability of
FGF-2 to persuade cells to seize the basic matrix to form a
capillary-like network was signified through a preclinical sys-
tem of endothelial cells grown on a 3D gel of collagen.
Exceptionally, FGF-2 was ascertained to be more potent than

VEGF over distinct analysis (Lieu et al. 2011). FGFs execute
distinct biological activities via inciting transmembrane
Tyr-kinases and integrating their biological cycles into several
transducing operations such as phosphoinositide-3-kinase
(PI3K), phospholipase-C-I'(PLC-I"), and mitogen-actuated
protein kinases (MAPKs) pathways (Chen et al. 2020).
FGF-2 produces angiogenic action by upregulating VEGF
signaling in stromal and endothelial cells. Moreover, FGF
expression regulates the responsiveness of VEGFR-2 signal-
ing (Murakami and Simons 2008). The indication of bFGF is
upregulated in AD patients and is traced in association with
the lesions characterizing this disease. In healthy cases, b-FGF
was accounted to be broadly scattered largely in the 3 brain
regions, namely, the prefrontal cortex, hippocampus, and hy-
pothalamus, but is disrupted in respect of AD (Stopa et al.
1990). On the other hand, FGF-2 was also implicated in being
advantageous in respect of Alzheimer’s disease by lowering
the expression of the APP proteolyzing enzyme BACE-1,
which is known to generate A3. This depletion was analogous
to the reduction in A3 agglomeration, tau-phosphorylation,
and structural cognitive decline (Turner et al. 2016). Lately,
it was also suggested that FGF-2 was not released from
astrocytes/microglia but by oligomeric A3 from hampered
neurons (Noda et al. 2014). In the presence of endostatin,
the disturbance in structural basis mediated by FGF-2 was
specified as constituting docking of the vessel system, a re-
markable decline in the plexus, thinning and stretching of the
vessels, and a reduction in the number of EC to basal levels.
Furthermore, alteration of FGF signaling by endostatin ob-
structs endothelial cell relocation by disturbing cell-matrix
adhesiveness, cell-cell adhesions, and cytoskeletal organiza-
tion (Eriksson et al. 2003; Sasaki et al. 1999).

Endostatin regulates expression of TNF-a

Modern analysis has shifted focus to cytokine-mediated neu-
roinflammation as a prime donor in the advancement of
Alzheimer’s disease, and pieces of evidence show that inflam-
mation advances pathological activities that catalyze AD
(Tarkowski et al. 2003; Akiyama et al. 2000). Amid the cyto-
kines concerned with neuroinflammation, tumor necrosis
factor-oc (TNF-«) is the most researched that essentially plays
a role in the cytokine cascade in the course of inflammation.
However, the expression of TNF-« in the peripheral and cen-
tral nervous systems of healthy adults is kept at very low
concentrations. The expression of this cytokine is remarkably
raised in the blood and CNS of AD patients, demonstrated as a
link by diverse clinical studies (Fillit et al. 1991). TNF-«
initially acknowledged for its anti-neoplastic activity is one
of the most researched inflammatory cytokines in association
with the progression of inflammation. TNF-x (17 kDa) is a
non-glycosylated, monomeric type 2 transmembrane protein
belonging to a superfamily of receptor proteins known as the
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TNF-receptor (TNFR) superfamily proteins (Chang et al.
2017). TNF-o mediates its activity by joining with two differ-
ent types of receptors, namely, type 1 (TNF-R1), high-affinity
receptors ubiquitously expressed on cell surface except on
erythrocytes, and type 2 (TNF-RII) majorly expressed in my-
eloid cells, endothelial cells, microglia, astrocytes, and uni-
verse population of neuronal cells (Wang and Al-Lamki
2013). Additionally, remarked angiogenesis located in brains
with AD was found to be downregulated by endostatin. The
AD brain is a hypoxic atmosphere that eventually upregulates
the progression of neovascularization. The enhanced neuronal
cell division urges a further stipulation on the vascular system,
advancing asphyxia. This causes angiogenesis and conse-
quently infiltration and dysplasia (Kasama et al. 2001).
Analytical data suggest that endostatin has a potent protective
action on the succession of AD that is associated with its
suppressing activity on VEGF signaling along with downreg-
ulation of TNF-« synthesis. As a consequence, it was consid-
ered that ES is a potent agent for a novel therapeutic regime
for AD due to its antiangiogenic property (Hu et al. 2012).
This antiangiogenic activity of endostatin was derived from its
distinct antagonizing effect on TNF-« synthesis by hepatic
sinusoidal endothelium (HSE) concerned with
tumor-released VEGF. It manifests that endostatin averts
VEGF-prompted Tyr-phosphorylation of kinase insert do-
main receptor (KDR)/Fc receptor (Flk-1) primarily located
in cultured HSE cells, obstructing VEGF-expressed signaling
(Mendoza et al. 2004).

Endostatin downregulates HIF-1a

Hypoxia-inducible factor-1 (HIF-1) is a proteinaceous hetero-
dimeric transcription component that controls the oxygen en-
vironment and biological response during the hypoxic state. In
2004, Moeller et al. disclosed that angiogenic signaling is
controlled by a prominent angiogenic mediator,
hypoxia-inducible factor-1. HIF-1 possesses 2 subunits,
namely, HIF-1« (tightly mediated) and HIF-13 (loosely reg-
ulated), belonging to a family of basic helix-loop-helix
(bHLH) transcription factors comprising a PAS
(Per-ARNT-Sim) pattern. The 3 isomers of the «-unit, name-
ly, HIF-1, HIF-2x, and HIF-3, have been established so far
in the human genome (Rezvani et al. 2011). A progressive
reduction in oxygen expression cellularly catalyzes the ad-
vancement of HIF-1 actions through fixation of the HIF-1a
peptide. The binding of HIF-1x to DNA directs the transcrip-
tional advance of genes that propitiate anaerobic metabolism,
oxygen-carrying capability, and vasodilatation. HIF-1 can al-
so couple with the gene encoding for VEGF and is necessary
for transactivation of VEGF concerning hypoxia.
Accordingly, HIF-1 is a fundamental transcriptional factor
for metabolic adjustments and VEGF-intervened angiogenesis
regarding hypoxia (Ravi et al. 2000). Also, tumor
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reoxygenation may induce nuclear aggregation of
hypoxia-inducible factors in concerned reactive oxygen spe-
cies and also increase transcription of HIF-1-mediated tran-
scripts secondary to tense granule depolymerization (Moeller
et al. 2004). The fusion of an angiogenesis inhibiting regime
and antagonizing agent of HIF-1 may permit significant effec-
tiveness as an angiogenic inhibitor that would discontinue the
tumor’s vascular supply (Xu et al. 2013). It was also reported
that endostatin can hinder angiogenesis indirectly by
inhibiting HIF-1-activated involvement of VEGF signaling
in A3 deposited neural cells. However, the consequence of
ES on HIF-1/VEGF signaling has not been acknowledged to
date (Macpherson et al. 2003). Although detailed research in
the last decade has evolved the hypoxia signaling pathway as
a vital remedial target for several diseases, including AD.
Even so, multiple questions still abide concerning the identi-
fication of the type of pro- or antiangiogenic factors elaborated
in angiogenesis that can be described by acknowledging the
signaling pathways catalyzing the downregulation of angio-
genesis through a negative feedback mechanism.
Contrastingly, the specific activities of these negative feed-
back regulators are an uplifting prospect for AD treatment
(Messmer-Blust et al. 2009) (Table 1).

Future prospects of endostatin in AD

Angiogenesis is the process of forming new blood vessels
from pre-existing ones, and it is now recognized as a critical
process in a variety of developmental and pathological dis-
eases. Alzheimer’s disease (AD), a progressive neurologi-
cal illness, is one such condition. Several activities or an-
giogenesis hypotheses have been proposed to define emerg-
ing roles of angiogenesis in the pathogenesis of Alzheimer’s
disease, implying the potential for future therapeutic inter-
ventions in the treatment of Alzheimer’s disease. Endostatin
is deposited in neurons of all cortical layers and
amyloid-beta plaques in AD patients, as evidenced by de-
tecting the concentration of endostatin in CSF released by
cerebellar Purkinje cells or the damaged blood-brain barrier,
in contrast to normal instances. It may reveal a link between
collagen type XVIII gene expression and the likelihood of
developing Alzheimer’s disease, indicating a biological
function for the extracellular matrix in the pathophysiology
of Alzheimer’s disease. Despite this, endostatin has
antiangiogenic properties and is currently undergoing stage
2 clinical trials to see if it can be used as a powerful angio-
genesis inhibitor. Endostatin, also known as endostar, was
acknowledged for its antiangiogenic activity as a therapeu-
tic benefit. As a result, following the completion of its suc-
cessful studies, it may be approved for use as an
antiangiogenic agent in therapy.
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Table 1 Preclinical and clinical evidence of endostatin in models of Alzheimer’s disease
Number of Medium of Method of measurement Method for evaluation/ Results References
patients detection statistical analysis
163 (AD)  Cerebrospinal fluid Sandwich solid-phase Mann-Whitney test The enhanced degree of endostatin -~ Mann and Whitney
45 (control)  (CSF) immunoassay Kruskal and Wallis test in CSF (1947); Kruskal and
Receiver operating Wallis (1952)
characteristics
(ROC)
8 Postmortem brain ~ Western blotting Double-labeling Detection of endostatin deposits in ~ Deininger et al.
preparations of technique experiments the brain with prominent (2002); Lan et al.
AD patients Enzyme-linked immunoreactivity (1996)
immunosorbent assay
50 Brains of AD Peripheral arterial Montreal cognitive Detection of ES as the linker between Issacs-Trepanier et al.
patients tonometry assessment endothelial functioning and
(assessment of cognitive performance
cognition)
4071 Fasting blood Quantitative sandwich Montreal cognitive Endostatin administration decreases  Qian et al. (2020);
samples enzyme-linked assessment chances of impaired cognitive Damian et al. (2011)
immunosorbent assay impairment
Conclusion Data availability Not applicable

The role of angiogenesis in cognitive decline has emerged as a
critical factor to consider in understanding, preventing,
treating, and reversing cognitive degeneration in
Alzheimer’s disease. Angiogenesis is currently one of the
most dangerous processes discovered in the pathophysiologi-
cal underpinning of Alzheimer’s disease. Several current ther-
apeutics are being developed to prevent or treat
angiogenesis-related neurodegeneration and eventually death
that occurs in Alzheimer’s disease. The role of angiogenesis in
cognitive decline has emerged as a critical factor to consider in
understanding, preventing, treating, and reversing cognitive
degeneration in Alzheimer’s disease. Angiogenesis is current-
ly one of the most dangerous processes discovered in the
pathophysiological underpinning of Alzheimer’s disease.
Several current therapeutics are being developed to prevent
or treat angiogenesis-related neurodegeneration and eventual-
ly death that occurs in Alzheimer’s disease. Endostatin is one
akin to the corresponding agent which is being researched for
this preventive motivation because of its significant
antiangiogenic activity as well as its link to the deposition of
Af3 proteins, which is one of the causes of cognitive loss in
Alzheimer’s disease. As a result, clinical trials are being con-
ducted to determine its utility in the diagnosis and treatment of
Alzheimer’s disease. As a result, the precise activities of
endostatin should be fully known, or those that already exist
should be further researched, to maximize endostatin’s poten-
tial as a treatment for Alzheimer’s disease.
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