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Abstrakt in Czech

Tato habilitaéni prace se zabyva roli mikrocevniho zasobeni mozku u
neurodegenerativnich onemocnéni s diirazem na funkci mozecku a kvantitativni
histologickou analyzi. Je zdlUraznéna zranitelnost nervové tkané vuci
metabolickym zmeénam, jeji citliva reakce na difuzi Zivin a jeji jedinecna
vaskularizace jako soucast hematoencefalické bariéry. Jsou zde zdiraznény
procesy angiogeneze, zmény v mikrocévach zplisobené neurodegenerativnimi
onemocnénimi a stereologické techniky pro kvantitativni hodnoceni.

Predlozena habilita¢ni prace zkouma rtizné aspekty mikrovaskularizace ve
specifickych oblastech mozku pfi neurodegenerativnich poruchach s vyuzitim
nezaujatych stereologickych pfistupli na riiznych modelech hlodavct. Cilem je
ziskat komplexni porozumeéni jejich roli v neurodegenerativnich onemocnénich a
potencialnich terapeutickych intervencich.

Studie odhalily zmény v hustoté kapilarti a snizeni délky mikrovaskularni
sit¢. Tyto specifické zmény maji dopady na vyzvy spojené s integraci
embryonalnich mozeckovych §t€pi u mutovanych mysi. Navic upravené cévni
zasobovani v ramci mozeckovych komponent zdiiraziuje cévni zmény souvisejici
s onemocnénim, které jsou proporcionalni vzhledem ke snizeni objemu mozecku.

U neurodegenerativnich onemocnéni, jako je Alzheimerova choroba,
odhaluji stereologickd hodnoceni mikrocév hipokampu ni¢ivé Ucinky ukléddani
amyloidnich plakd na kapilary. Véiime, Ze kvantifikace charakteristik mikrocév
na zakladé stereologie by mohla podpofit vyvoj novych strategii pro cilené
terapeutické intervence. Kromé toho je role virtudlni mikroskopie
v systematickém jednotném ndhodném vzorkovani zkoumana v riznych
histologickych kontextech.

Zaveérem tato studie nabizi cenné poznatky o vaskularizaci mozecku a
hipokampu za normalnich podminek a rovnéz béhem neurodegenerace s vyuzitim
kvantitativnich histologickych metod. Tato zjiSténi predstavuji slibné moznosti
pro terapeutické pristupy a zlepSeni strategie histologického odbéru ve vyzkumu
neurologickych onemocnéni.



Abstract in English

This habilitation thesis delves into the role of brain microvascularization in
neurodegenerative diseases, focusing on cerebellar function and quantitative
histological analyses. The vulnerability of neural tissue to metabolic changes, its
sensitive response to nutrient diffusion, and its unique vasculature as part of the
blood—brain barrier are highlighted. Angiogenesis processes, neurodegenerative
disease-induced microvascular changes, and stereological techniques for
quantitative assessment are examined here.

The habilitation thesis examines various aspects of microvascularization in
specific brain regions in neurodegenerative disorders, using unbiased stereological
approaches in different rodent models. The goal is to gain a comprehensive
understanding of the roles of microvascularization in neurodegenerative diseases
and potential therapeutic interventions. Studies have revealed alterations in the
density and a decrease in the length of the microvascular network. These particular
changes have implications for the integration challenges experienced with
embryonic cerebellar grafts in mutant mice. Furthermore, the modified vascularity
within cerebellar components accentuates disease-related vascular changes
proportionate to the reduction in cerebellar volume.

In neurodegenerative diseases such as Alzheimer's disease, stereological
assessments of the hippocampal microvasculature have revealed the disruptive
effects of amyloid plaque deposition on capillaries. We believe that by using a
stereology-based approach to determine microvessel characteristics, we can help
create new methods for specific and effective treatments. Additionally, the role of
virtual microscopy in systematic uniform random sampling has been explored
across various histological contexts.

In conclusion, this study offers valuable insights into the vascularization of
the cerebellum and hippocampus under normal conditions and during
neurodegeneration, via quantitative histological methods. These findings present
promising possibilities for therapeutic approaches and improved histological
sampling strategies in neurological research.
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1 Literature review

1.1 A brief history of the study of the cerebellum

The cerebellum has long been recognized as a distinct subdivision of the brain
(Glickstein et al. 2009). Vesalius, examining the brains of various animals, first
suggested that the cerebellum could be a separate part of the brain in 1543
(Vesalius 1964). A description of the gross anatomical structure of the cerebellar
cortex and the cerebellar nuclei which are encased within its white matter was
provided thirty years later (Ghosh and Narayan 2020; Varolio 1969). In 1776
(Malacarne 1776), named cerebellar subdivisions for their resemblance to other
structures, e.g. the lingula, the tonsils of the cerebellum, and the conical eminence
uvula, etc. Furthermore, he described his autopsy findings of two “cretins” (a
historical term used for individuals with intellectual and developmental disabilities
caused by severe iodine deficiency during early development) in whom the
cerebellum was smaller than normal and contained fewer folia (~340 in cretins
instead of 500 to 780 in healthy individuals). Therefore, by the end of the 18®
century, there was an accurate picture of the gross anatomy of the
cerebellum (Glickstein, Strata and Voogd 2009). The bits of knowledge about the
nuclei and conducting pathways of the cerebellum continued to expand until the
end of the 19" century and the beginning of the 20" century (Dum et al. 2002;
Moreau de la Sarthe and Vicg-d'Azyr 1805; Stilling 1864; Vic-d'Azyr and Moreau
1805). The current systematic approaches to describing the morphology of the
cerebellum were proposed by Larsell (Larsell 1952).

At the beginning of the 19" century, the first attempts to describe the
structures of the cerebellum histologically were registered (Burdach 1826; Reil
1807). The authors suggested that the alternating layers of gray and white matter
constitute a type of voltaic pile that generates animal electricity. It should be noted
that today, the description is still relevant. The first accurately described
characteristic cells in the sheep cerebellum were provided in 1838 by Jan
Evangelista Purking (Cavero et al. 2017; Purkynje 1838). Among other structures,
he described the large neurons in the cerebellar cortex. Later, the nucleolus of
these cells was described by Valentin (Valentin 1836). He was a student of
Purkinje and gave these cells the name of his teacher.
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Shortly after the method of Golgi staining of nervous tissue was discovered,
it was used to stain the cerebellar cross-sections. Ramon y Cajal emphasized that
interaction between axons and dendrites is made through the contact of an axon
with a dendrite or soma of the next cell in the pathway. Additionally, he described
the fundamental afferents to the cerebellar cortex: the mossy and climbing fibers.
Six years after this publication he reported on the fine structure of the retina, the
olfactory bulb, the cerebral cortex and the cerebellum (Glickstein et al. 2009;
Ramoén y Cajal 1894), leading to a revolution in the current view of the structure
and function of the cerebellum.

With the rapid development of electron microscopy in the 1960s, a new turn
in cerebellar morphology investigation was started (Desclin 1974; Szentagothai
and Rajkovits 1959). Through the use of light and electron microscopy studies and
the electrophysiological analysis of the excitatory and the inhibitory cell types, the
first time a complete picture of the functional architecture of the cerebellar cortex
was obtained and published (Eccles 2013).

Scott (1963) and Hawkes & Leclerc (1987) demonstrated the zebrin zonation
of a Purkinje cell within the cerebellar cortex. Furthermore, the olivocerebellar
climbing fibers were shown to be congruent with particular zebrin-positive or
zebrin -negative bands (Voogd et al. 2003) and innervated by different parts of the
caudal medial accessory olive (Sugihara and Shinoda 2004).

Currently, PubMed contains more than 45,500 articles from the past 50 years
describing the features of the cerebellar morphology and the possible role of the
cerebellum in several forms of learning. These topics are still controversial, and
differing points of view are expressed by several of the authors. Therefore, active
morphological and physiological studies of the cerebellum in particular and of the
brain in general are necessary in the future and continue to this day.

1.2 General principles of cerebellar blood supply

The cortex covers most of the cerebellum surface. Three layers are
distinguished in the cerebellar cortex (Mai and Paxinos 2011): a) the cell-poor
molecular layer (ML) is located superficially, b) large Purkinje cell somata form
a monolayer in the middle and c) the deepest granular neurons are located in a dens
layer of the granular layer (GL). The inner white matter (WM) does not contain any
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neuron cell bodies and therefore will stain a lighter color then the gray matter cortex.
The inner WM contains nerve fibers, supported by neuroglial cells and small blood
vessels. In the central mass of the cerebellum, four pairs of nuclei (N) separated
by the white matter are located. The cerebellar nuclear mass contains large stellate
neurons (Irimescu et al. 2015), supported by glial cells and blood vessels.

In mice, the organization of the midbrain and metencephalon occurs around
the 8" day of embryonic development (Butts et al. 2014; Larsell 1952; Millet et
al. 1996). The metencephalon encompasses the cerebellum and pons, and
originates from a region known as the hindbrain. During this time, the superior
cerebellar artery starts to form as part of the upcoming basilar artery, becoming
the initial blood supply for the cerebellum. Subsequently, the vertebral arteries
connect to this vascular system (Burger et al. 2007). Three main branches serve as
a vascular supply to the cerebellum. Two of these arteries (the superior cerebellar
artery (SCA) and anterior inferior cerebellar artery (AICA)) originate from the
basilar artery, and the third artery (the posterior inferior cerebellar artery (PICA))
originate from the vertebral artery. The anatomy of the AICA and PICA is strongly
related to embryology, which is why they can undergo significant variations
(Delion et al. 2017).

The fundamental principles governing the structure of the cerebellar
microvascular network were first delineated in turtles (Kleiter and
Lametschwandtner 1995). During the last decade, interest in the blood supply of
the brain has increased significantly and precise 3D mouse cerebellar vascular
detailed atlases with stereotaxic coordinates have been produced (Ghanavati et
al. 2014; Xiong et al. 2017).

Briefly, the short second-order arteries (A2) depart from the superficial
arteries (see Figure [). Along with some of their recurring branches (A4
arterioles), the A3 arterioles provide blood to the capillary network of the subpial
ML. Both the GL and the Purkinje cell layer (Pc) receive blood from the A4
arterioles and A3 arterioles. Furthermore, at the Purkinje cell level, the A4 and A3
arterioles give way to the horizontal branches ("parallel arteries"), the capillaries
of which are joined to the granular and molecular layer capillary network (Kleiter
and Lametschwandtner 1995). A part of the distal ends of the A4 arterioles located
in the GL passes through the border of the WM and forms a capillary network or
collaterals with the arteries supplying the nuclei.

In addition, the main sustenance for the Purkinje neuron cell bodies comes
from capillaries primarily situated in the GL, whereas their dendrites are supplied

14
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by microvessels located in the ML. These findings indicate that the ML and GL
possess somewhat separate circulatory networks. Furthermore, capillary pericytes

can enhance blood flow and regulate neural activity. (Hall et al. 2014; Kolinko et
al. 2018).

The blood supply to the cerebellar nuclei is mainly provided by the SCA. In
particular, this is due to further ramifications of its pontocerebellar branches
(Delion et al. 2017). Nevertheless, depending on the embryology, collaterals from
the AICA and/or PICA could also participate in the nuclear blood supply.

Straight sinus
Transtentorial sinuses
vein of Galen

Superior cerebellar
artery (SCA)

Basilar artery

Groups of the deep veins:
-Cerebello-medullary
-Cerebello-pontine

-Cerebello-mesencephalic

4

* Transverse sinus;
*  Superior petrosal sinus;

Posterior inferior cerebellar artery (PICA) * Occipital sinus.

Anterior inferior
cerebellar artery
(AICA)

[ - molecular layer; [C] - white matter; mm - arteries;
¥4 - granular layer; - nuclei; == - veins.

Figure 1 - General principles of organization of the cerebellar
microcirculatory network
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The three groups of cerebellar veins can be described as follows: the superior
and inferior superficial veins, which drain the cortical surface of the cerebellum,
and the deep veins. All these veins terminate as bridging veins (Delion et al. 2017;
Lang 1983; Mai and Paxinos 2011; Matsushima et al. 1983; Rhoton 2000). The
cerebellar drainage system is built in such a way as to remove blood to the dense
network of superficial veins as quickly as possible (Delion et al. 2017).

The regions supplied by A4 arterioles are drained through V1 venules. V2
and V3 venules primarily drain the capillary network of the ML (Kleiter and
Lametschwandtner 1995). The V1 venules, which drain the nuclei, are formed
within the WM surrounding them. The outflow of blood from the nuclei to the
surface of the cerebellum is occurs through the cerebro-medular subgroup of deep
cerebellar veins. The capillary network mainly forms the anastomoses between the
V1 cortical venules and V1 nuclei venules.

This structure creates a dense network of vessels within the cerebellar cortex
and nuclei. In the cerebellum of healthy mice, the white matter has nearly half the
capillary density of the gray matter.

1.3 Organization of the hippocampus and its vascularization

The hippocampus is segmented axially into three parts: the head, body, and
tail (Grivas et al. 2003; Ogawa et al. 2018). In the coronal section of the body, two
gray matter areas are identified: the cornu ammonis (CA) and the dentate gyrus
(DG) (Lee et al. 2007). Tha CA, also known as Ammon's horn, comprises four
subdivisions (CA1, CA2, CA3, and CA4) (Lee et al. 2007; Ogawa et al. 2018). The
pyramidal cell layer in these regions collectively forms the principal cell layer
(PCL).

Arterial vascularization of the hippocampus relies on collateral branches
originating from the PCA and, to a lesser extent, the anterior choroidal
artery (AChA) (Erdem et al. 1993). Variations exist in the origin of hippocampal
arteries and in the contribution of these primary vessels to blood circulation in the
hippocampus. In cases where the hippocampal arteries mainly branch from the
PCA, the involvement of the AChA varies greatly and is not consistent
(Marinkovic et al. 1999; Morandi et al. 1996). Additionally, the number of
hippocampal arteries can vary, potentially resulting in multiple posterior
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hippocampal arteries. Despite these possible modifications, generally, the PCA
and AChA form longitudinal hippocampal arteries, supplying different regions:
the anterior hippocampal artery serves the hippocampal head and uncus, while the
middle and posterior hippocampal arteries supply the body and tail, respectively
(Marco et al. 2019). Along the course of the hippocampal arteries, a number of
sector (in some sources transverse) arteries depart under them (Figure 2),
penetrate into the hippocampus, and branch there (Coyle 1976; Tayebi Meybodi
et al. 2023). These arteries typically run parallel to each other across the free
surface (margo denticulatus) of the dentate gyrus (Marinkovic et al. 1992; Tayebi
Meybodi et al. 2023).

Typically, two primary types of major arteries, ventral and dorsal, are
observed branching from the sectoral arteries. The large ventral artery enters the
medial portion of the margo denticulatus before proceeding through the
ventromedial region of the DG or entering the hippocampal sulcus positioned
between the DG and the subiculum. The artery then follows a curved trajectory
through the medullary lamina (essentially, the intrahippocampal extension of the
hippocampal sulcus) located between the DG and the CA1l sector of the
hippocampus (Marinkovic et al. 1992; Tayebi Meybodi et al. 2023). This artery
gaves rise to lateral branches, which primarily supplied the CA1 sector and, at

Subependymal intra-hippocampal vein Hippocampal surface veins

Dorsal arteries

Hippocampal artery

Sectoral vein

........
..................

Sectoral artery

Ventral arteries

.........

Figure 2 - lllustrations of the microvascular supply of the hippocampus.
CA - cornu ammonis; DG - dentate gyrus
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times, the prosubiculum or a segment of the CA2 sector (Enzinger et al. 2008; Lee
et al. 2007; Sander and Sander 2005).

On the other hand, the substantial dorsal arteries occasionally follow a path
akin to the ventral arteries but more commonly course between the DG and the
CAA4 sector (Tatu and Vuillier 2014; Tayebi Meybodi et al. 2023). Typically, the
substantial dorsal arteries provided the blood supply to the CA2 and CA3 sectors
and sometimes the uppermost region of the CA1 sector and/or DG.

This microvascular network originating from both ventral and dorsal vessels
converges within the hippocampal PCL. Unlike that of WM, the vascularization
of the PCL is distinguished by a denser microvascular network lacking distinct
orientations (Kubikova et al. 2018; Ogawa et al. 2018). Additionally, several large
vessels traverse through the CA regions (Grivas et al. 2003).

The internal sectoral veins of the hippocampus, positioned within the
hippocampal fissure, exhibit alternating positions with the sectoral arteries (Coyle
1976; Tatu and Vuillier 2014). These veins seemed to be associated with and
drained regions that are supplied by the sectoral arteries. Deeper sectoral veins,
unaccompanied by arteries, receiv branches within the intraventricular alveus and
the adjacent stratum oriens of CA3 (Coyle 1976). Sectoral vein drainage occurs
through several longitudinal vessels joining the basal vein (the vein of Galen)
(Tatu and Vuillier 2014).

A comparison of the studies conducted on the cerebellum and hippocampus,
focusing on vascular anatomy, imaging, and histology, is provided in Table I.

1.4 Known morphological aspects of microcirculation in various
neurodegenerative diseases

1.4.1 General morphological assessment of the brain microcirculation

The brain is composed of an intricate network of small components that
interact closely with each other. This interaction is facilitated by essential elements
such as brain microvascular endothelial cells (ECs), the basement membrane, and
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Table 1 - Comparative analysis of methods and models in studying the vascular
network anatomy of the cerebellum and hippocampus at various levels

Method

Cerebellum

Hippocampus

Main vessels MR imaging

Topographic

Human
(Burger et al. 2007)

Human

Human
(Enzinger et al. 2008, Lee et
al. 2007; Marco et al. 2019;

Ogawa et al. 2018, Tatu and
Vuillier 2014)
Human

anatomy (Delion et al. 2017, (Erdem et al. 1993;
Matsushima et al. 1983) Marinkovic et al. 1992)
Mice Rats
(Rhoton 2000) (Coyle 1976)
Small vessels  Histology Tortoises Rats
(Kleiter and (Grivas et al. 2003)
Lametschwandtner 1993)
Mice
(Xiong, et al. 2017)
Micro-CT Mice -
images (Ghanavati et al.2014)
MRI/CT - Human
imaging (Enzinger et al. 2008; Lee,
et al. 2007; Marco et
al. 2019; Ogawa, et al. 2018;
Tatu and Vuillier 2014)
Microvascular Histology Tortoises Human
patterns (Kleiter and (Marinkovic et al. 1999;
Lametschwandtner 1995) Morandi et al. 1996)
Micro-CT Mice
images (Ghanavati et al. 2014)
Stereology Mice Mice

(Kolinko et al. 2016;
Kolinko et al. 2023)

(Lee et al. 2005)

various cell types, including neurons and glial cells positioned near capillaries.
Blood vessels, functioning with the assistance of the blood—brain barrier (BBB),
act as a shield for the brain, preventing toxic substances from entering the brain
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from the bloodstream (Persidsky et al. 2006). They also supply nutrients to brain
tissues and enable harmful compounds to exit the brain and enter the bloodstream.
As a result, any abnormalities in the neurovascular system could significantly
contribute to nervous system pathology (Farkas and Luiten 2001; Pantoni 2010;
Zhang et al. 2011).

The structure of the brain microvascular network is remarkably similar across
different mammalian species, accounting for approximately 3% of the brain total
volume (Nicholson 2001). Arteries and arterioles that supply the brain extend into
the cerebral tissue, forming a network of the continuous capillaries. Notably,
cerebral arterioles are unique because they are surrounded by astrocytic endfeet
that cover different layers (the intima, media, and adventitia) (Blevins et al. 2021;
Wardlaw et al. 2020). The internal elastic lamina might not be consistently present
throughout the entire arteriolar network but is visible in the feeding arterioles of
the cerebral region. (Martinez-Lemus 2012).

Capillaries in the brain can intermittently change their diameter, yet they are
constantly supplied with blood (Gobel et al. 1990; Hudetz 1997). Typically, brain
capillaries have an average diameter of approximately 7—10 um, and the distance
between them is approximately 40 um on average (Duvernoy et al. 1983;
Nicholson 2001). This proximity means that each neuron is within approximately
20 um of a capillary. Additionally, the density of capillaries in the gray matter is
2—4 times greater than the brain average (Borowsky and Collins 1989; Heinzer et
al. 2008), reflecting a higher neural activity level in gray matter than in white
matter (Kubikova et al. 2018; Tonar et al. 2011; Zhu et al. 2012). These findings
indicate that any potential abnormalities in the microvessels of the brain should be
evaluated separately in white and gray matter to comprehend their impact
accurately.

The BBB acts as a gatekeeper, limiting the passage of blood components such
as plasma, red blood cells, and white blood cells from the bloodstream into the
brain. Traditionally, the BBB is defined as the layer of ECs that form vessel walls.
This system is highly dynamic, with cells interpreting chemical and mechanical
signals within complex microenvironments (Andrew et al. 2013). In this intricate
process, various elements such as smooth muscle cells, pericytes, astrocytes, and
the extracellular matrix play roles. These elements are arranged into different
layers within the vessel walls.

Studies examining biochemical aspects have revealed that the expression
levels of transporters and pumps differ among various mammalian species,
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suggesting that they contribute to the distinctive characteristics of the human BBB
(Hammarlund-Udenaes et al. 2008).

ECs within the BBB act as checkpoints, monitoring various chemical and
mechanical influences within the local microenvironment of the nervous system.
Their functionality is closely tied to factors such as cell shape, the expression of
proteins and genes, cell multiplication, and transport processes (Aird 2007; Dejana
2004). Endothelial cell—cell junctions play a crucial role in maintaining the
integrity of the microvasculature and in regulating paracellular transport. The
integrity of the microvasculature is ensured through the formation of adherens
junctions between ECs via tight junctions (Aird 2007; Bazzoni and Dejana 2004;
Dejana 2004). The stability of the tight junctions is no less important and has great
importance in the correct functioning of these cells under the pressure effects
associated with directional blood flow (Aird 2007; Caplan et al. 1974; Nerem et
al. 1981; Sato and Ohashi 2005) on small capillaries. This is why more than 20%
of the cell’s claudin family proteins are used to ensure the stability of these tight
junctions (Bazzoni and Dejana 2004; Dejana 2004). Accordingly, ECs can wrap
around to form tight junctions with themselves, as well as with their neighbors
(Nag 2003). Shear stresses can also upregulate the expression of genes associated
with junctional proteins and transporters (Cucullo et al. 2011).

Astrocytes in the brain typically have a star-like shape, with multiple
extensions branching out from the central cell body, spanning an average diameter
of approximately 140 pum (Oberheim et al. 2009). They interact with small blood
vessels by wrapping their cellular extensions, called endfeet, around the capillaries
(Abbott et al. 2006). Additionally, a single astrocyte can connect with several
capillaries(Oberheim et al. 2009). The manner in which astrocytes connect is
crucial for regulating local blood flow to match oxygen and glucose transport with
neural activity (Iadecola 2004; Iadecola and Nedergaard 2007; Takano et al. 2006;
Zonta et al. 2003).

Pericytes in the brain surround capillaries and small blood vessels
(Bonkowski et al. 2011; Krueger and Bechmann 2010; Winkler et al. 2011), thus
engaging in communication with endothelial cells, astrocytes, and neurons, and
initiating various signaling pathways (Bonkowski et al. 2011; Kolinko et al. 2018).
These contractile cells contain actin fibers and contribute significantly to
controlling blood flow by controlling the diameter of capillaries (Dalkara et al.
2011; Hamilton et al. 2010; Peppiatt et al. 2006). Separating pericytes from both
endothelial cells and surrounding astrocytes are formation via a thin layer called
the basement membrane, which consists of fibronectin, laminin (Aumailley et al.
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2005), and type IV collagen (Hartmann et al. 2007; Tilling et al. 2002). The ratio
of ECs to pericytes is typically approximately 1:3 (Shepro and Morel 1993).

The space outside cells, known as the extracellular space, serves as the
primary route for transport between cells. Transport between cells within this
space is generally more efficient than transport across the BBB (Berselli et al.
2022; Khan et al. 2022). The extracellular matrix in the brain is composed of five
main components: hyaluronic acid, tenascin, lecticans, hyaluronan and
proteoglycan linkage proteins (Zimmermann and Dours-Zimmermann 2008). This
matrix, largely composed of hyaluronan, can occupy up to 30% volume of the
extracellular space (Sykova and Nicholson 2008). The extracellular matrix acts as
a liquid medium facilitating the transportation of molecules, including vital
nutrients and neurotransmitters, between microvessels and brain cells (Andrew et
al. 2013). Interestingly, some common proteins, such as collagen type I and
fibronectin are not typically found in the brain's extracellular matrix (Sanes 1989).

Another significant barrier worth noting is the blood—cerebrospinal fluid
(CSF) barrier, which is present at the choroid plexus. This barrier forms between
the neuroependymal cells lining the walls of the ventricles (which float in the CSF-
filled space) and the fenestrated blood capillaries that supply them (Pardridge
2016). These structures are responsible for generating approximately 500 liters of
CSF per day in humans and approximately 450 millilitres per day in mice
(Pardridge 2016). This high production rate helps refresh the content within the
ventricles and the subarachnoid space approximately 3 to 4 times daily (Marques
et al. 2013).

Molecules and cells primarily move across the CSF barrier by using a
transport system that passes through the cells themselves (transcellular transport).
While it is also feasible for substances to traverse this barrier between cells (for
paracellular transport), this method is restricted by the tight junctions between
epithelial cells (Saunders et al. 2013; Segal 2001). Recent investigations into the
blood—CSF barrier have revealed its involvement in various aspects of brain
equilibrium, indicating that this barrier plays a more significant role than
previously understood (Baruch and Schwartz 2013; Emerich et al. 2005; Falcao et
al. 2012; Johanson et al. 2011).

Although the specific control of brain capillaries by the autonomic nervous
system has not been fully explained (Fisher 2009; Krueger and Bechmann 2010;
Peppiatt et al. 2006), the maintenance of the BBB largely relies on biochemical
and biomechanical signals from the vascular system. Additionally, multiple
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paracrine signaling pathways operate among ECs, astrocytes, and pericytes,
contributing significantly to BBB maintenance (Abbott et al. 2010; Aird 2007).

1.4.2 Features of angiogenesis mechanisms in the brain

The formation of the vascular system occurs via two separate mechanisms:
vasculogenesis and angiogenesis. (Reynolds et al. 2000). Vasculogenesis is the de
novo formation of blood vessels from angioblasts (endothelial precursor cells
derived from the mesoderm) during embryonic development (Ferguson et al.
2005; Risau 1997). Vasculogenesis in the brain proceeds through the
intraembryonic mesoderm transformation pathway without the formation of
hematopoietic stem cells in the lumen (DeSesso 2017). The initial vascular
network comes together in three key stages (Figure 34): first, the proliferation and
differentiation of hemangioblasts and angioblasts; second, the creation of initial
primordial blood vessels; and third, the continuous growth and enlargement of
these blood vessels through angiogenesis (Risau 1997; Zygmunt et al. 2003).

Angiogenesis, on the other hand, is the process of neovascularization from
preexisting vessels (Clark and Clark 1940; Zygmunt et al. 2003). Hypoxia is the
primary factor that induces angiogenesis (Arden and Sivaprasad 2012; Konisti et
al. 2012; Liu et al. 2003; Taylor and Sivakumar 2005; Zhong et al. 2008).
Angiogenesis can occur through two pathways: sprouting and intussusception
(nonsprouting angiogenesis). Angiogenesis begins when ECs are activated by
proangiogenic factors, such as vascular endothelial growth factor (VEGF)
(Stevenson et al. 2018; Stevenson et al. 2020), angiopoietin (Ding et al. 2006b;
Ding et al. 2004b; Morland et al. 2017; Stevenson et al. 2018), viewing
bromodeoxyuridine, placental growth factor or fibroblast growth factor (Lopez-
Lopez et al. 2004). These factors usually secreted by astrocytes in avascular
regions (Eilken and Adams 2010). Numerous proangiogenic factors are also
synthesized by other brain cells. A good example is angiopoietins, which are also
synthesized by microglia after massive inflammation (for example, after a stroke
or in a tumor) to moderate the inflammatory response of blood vessels (Sheikh et
al. 2023).

Along a gradient of proangiogenic factors, particularly VEGF, isolated ECs
acquire a "tip cell" phenotype (Figure 3B). The determination of tip cells is
overseen by receptors from the Notch family and a specific ligand known as Delta-
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A. Vasculogenesis through the intraembryonic pathway: &8 Ectoderm
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Figure 3 - Vasculogenesis and angiogenesis

like ligand 4 (D114) (Liu et al. 2003; Tahergorabi and Khazaei 2012). Neighboring
ECs, influenced by both astrocyte and apical cell signals, acquire a vascular sprout
“stalk cell” phenotype (Hellstrom et al. 2007; Suchting et al. 2007; Tammela et
al. 2008), maintaining the integrity and perfusion of the growing vasculature
(Eilken and Adams 2010).

Tip cells play a pivotal roles in several essential processes, such as disrupting
the basement membrane, separating pericytes, detaching the perivascular feet of
astrocytes from the glial limiting membrane, and loosening the junctions between
ECs (Heinke et al. 2012). They also establish connections with other sprouts or
neighboring capillaries, becoming embedded in the endothelial lining of new
vessels. Additionally, the interaction between VEGF and its receptor (Greenway
et al. 2006) mediates these processes. The formation of a lumen limited by the
functional endothelium is associated with stalk cell maturation (Risau 1997).
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During this process, nascent ECs are covered by pericytes and smooth muscle cells
(Carmeliet 2005), which provide strength and regulate vessel perfusion. There is
significant overlap in the signaling systems utilized by growing blood vessels and
neural cells (Egea and Klein 2007; Palmer and Klein 2003; Stein and Tessier-
Lavigne 2001), which may facilitate the coordinated formation of both systems
(Ferguson et al. 2005; Makita et al. 2008; Mukouyama et al. 2002; Mukouyama et
al. 2005). Interestingly, ephrin molecules, which primarily provide repulsive
signals for growing nerve cells, also play a role in this process (Egea and Klein
2007; Palmer and Klein 2003; Stein and Tessier-Lavigne 2001; Wakayama and
Yamagishi 2023).

Processes for slowing down and ultimately terminating angiogenesis are
carried out due to an increase in the concentration gradient of factors such as
angio- or endostatin (Distler et al. 2003; MacDonald et al. 2001; Pulsatelli et al.
2020; Rege et al. 2005), thrombospondin-1 (TSP-1) (Jayakumar et al. 2017; Loron
et al. 2023), tissue inhibitors of metalloproteinases (TIMPs) (Chena et al. 2018;
Lenci et al. 2021; Zheng et al. 2013), and pigment epithelium-derived factor
(PEDF) (Bahrami et al. 2019; Rege, Fears and Gladson 2005). Furthermore,
neurons can also influence angiogenesis in the brain. These proteins release factors
such as semaphorins and netrins, which can guide and regulate the growth of blood
vessels, especially during the development (Colotti et al. 2022; Wakayama and
Yamagishi 2023). In addition, these proteins exert antiangiogenic effects through
the inhibition or displacement of the proangiogenic molecules (Rege, Fears and
Gladson 2005).

Intussusceptive angiogenesis (Figure 3C), also known as nonsprouting
angiogenesis or splitting angiogenesis, is a distinct mechanism of blood vessel
formation and remodeling (Caduff et al. 1986; Mentzer and Konerding 2014).
Unlike sprouting angiogenesis, intussusceptive angiogenesis involves the splitting
and expansion of preexisting blood vessels to create new vessel branches.

The process of intussusceptive angiogenesis, the process begins with the
formation of pillar-like structures within the existing vessel lumen (Caduff et al.
1986). These structures consist of modified ECs that are called “pillar cells”
(Mongera et al. 2013); these cells protrude toward each other and meet in the
center of the vessel. Subsequently, the pillars fuse together, dividing the vessel
lumen into two separate lumens (Caduff et al. 1986). Pillar cells have
morphologies similar to those tip cells but differ in terms of membrane proteins
(Konerding et al. 2010; Mentzer and Konerding 2014).
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Intussusceptive angiogenesis plays a crucial role in various physiological and
pathological conditions. It contributes to vascular remodeling during tissue growth
and development, wound healing, and organ regeneration (Eming et al. 2007;
Song and Ott 2011). It is also involved in pathological conditions such as tumor
angiogenesis (Zhao et al. 2011), where the formation of new blood vessel branches
supports tumor growth and progression (Ribatti and Djonov 2012).

The mechanisms underlying intussusceptive angiogenesis involve a
combination of cellular processes, including endothelial cell proliferation and
migration, and the remodeling of the extracellular matrix. One of the reasons for
the onset of angiogenesis via intussusception is chronic peripheral dilatation of
arterioles (Hudlicka et al. 1981). Signaling molecules such as VEGF (Gerhardt et
al. 2003; Hellstrom et al. 2007), angiopoietins, and MMPs (Konerding et al. 2010;
Mentzer and Konerding 2014) are implicated in the regulation of intussusceptive
angiogenesis.

Intussusceptive angiogenesis provides an alternative mechanism for blood
vessel formation and remodeling, complementing the sprouting angiogenesis
process. Both sprouting and intussusceptive angiogenesis can coexist and act in
coordination to ensure proper vascular network development and tissue perfusion.

The factors associated with the regression of blood vessels, known as
vascular regression, include apoptosis regulated by factors such as TSP-1 and
endostatin (Jayakumar et al. 2017; Pulsatelli et al. 2020); EC detachment due to
reduced adhesion and an altered extracellular matrix; the withdrawal of
proangiogenic factors such as VEGF and Ang-2 (Ding et al. 2006b; Ding et al.
2004b; Morland et al. 2017; Stevenson et al. 2018); the inhibition of the DIl4-
Notch pathway, which promotes vessel regression (Hellstrom et al. 2007; Kim et
al. 2020; Suchting et al. 2007); hemodynamic changes; and increased MMP
activity, which degrades the extracellular matrix, contributing to vessel regression
(Chena et al. 2018; Lenci et al. 2021; Rege et al. 2005). Another important factor
in the decline of the vascular bed is the development of vasculitis and fibrinoid
necrosis of the microvessel wall, which are associated with associated
inflammatory cell infiltration and organization (Iglesias-Gamarra et al. 2007).
These factors work together in various physiological and pathological conditions
to regulate blood vessel regression.
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1.4.3 Alterations in the density of microvessels within the brain
throughout life

Among all organs, the brain exhibits the highest metabolic activity. In younger
individuals, the brain can generate blood vessels when oxygen levels are low, but
this ability diminishes as the brain matures and ages (Harb et al. 2013). During
early development, blood vessels from the pia mater infiltrate the brain and
converge toward the ventricles in a centripetal manner. The vessels surrounding
the brain ventricles stem as secondary branches from deeply penetrating vessels
(Greenberg and Jin 2005). Another process involves the outward extension of
vessels toward the pia mater (Greenberg and Jin 2005).

Several researchers have explored how aging affects the density of brain
vessels (MacDonald et al. 2001; Tsunemi et al. 2013; Wang et al. 2014). Their
findings, based on vessel density, conflict as some report decreases, increases, or
no change in vascular density (Riddle et al. 2003). These conflicting data can be
attributed to a phenomenon known as a '"referent trap" (Braendgaard and
Gundersen 1986). However, it can be reasonably stated that increased blood vessel
density might be influenced by exercise, particularly in motor brain areas affected
by strokes in rat models (Ding et al. 2004a; Ding et al. 2006a; Ding et al. 2004b;
Zhang et al. 2013).

In addition, various structural changes related to aging have been observed
in the walls of brain vessels. These changes include reductions in smooth muscle
and elastin content, as well as thickening of the basement membrane (Keuker et
al. 2000; Peters and Sethares 2012). Furthermore, pericytes in the aging brain are
characterized by larger mitochondria (Hicks et al. 1983), although the coverage by
ECs and pericytes and the number of mitochondria in endothelial cells remain
largely unchanged (Farkas and Luiten 2001; Peters and Sethares 2012).

1.5 Morphological assessments of the microcirculation in
degenerative diseases

The brain is sensitive to even short episodes of low oxygen levels, which
significantly contribute to the development of both cerebrovascular diseases and
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neurodegenerative diseases (NDDs) (de la Torre and Stefano 2000; Lipinski and
Pretorius 2013; Nemoto and Betterman 2007). Changes in brain blood vessels can
impact the condition and function of neuronal tissue through several mechanisms:

— Obliterating the vessel lumen limits the blood perfusion of the tissue
(Ding et al. 2006a; Ding et al. 2004b; Zhang et al. 2013);

— Reduced vessel density increases the space between capillaries and brain
cells, elongating the distance for oxygen, nutrients, waste, and other
substances to diffuse (Moreno et al. 2013; Tsunemi et al. 2013; Wang et
al. 2014);

— Hemorrhages result in damage to brain tissue;

- BBB dysfunction permits harmful molecules to enter brain tissue
(Josowitz et al. 2023; Sheikh et al. 2023). Additionally, blood vessels
are involved in the development of brain edema, which heightens tissue
pressure, reduces perfusion pressure, and extends diffusion pathways.

— Blood vessels also play a role in triggering inflammation, with the
endothelium releasing various biologically active substances.

In middle and later ages of life, NDDs are the most frequently observed
among CNS conditions (Mayeux 2003; Palop et al. 2006). These progressive
disorders involve the gradual loss of particular groups of neurons, leading to
specific clinical symptoms and manifestations (Matej and Rusina 2012). Vascular
changes observed in some NDDs often occur as secondary responses to alterations
in nervous tissue resulting from changes in signaling between vessels and neurons
(Iadecola 2013; Nation et al. 2019; Zlokovic 2011). These cumulative changes in
the microcirculatory system subsequently impact the neurodegenerative process.

In essence, vascular pathological changes generally involve two main
mechanisms. First, the narrowing (e.g., changes in the surface area of ECs or the
formation of micropinocytotic bubbles) or obstruction (e.g., thrombosis or
embolism) of vessel lumens cause ischemia in specific brain regions. Second, the
weakening, expansion, or breaking of vessel walls, such as microstructural
damage, ECs disruption, and basal lamina exposure or breakdown, can lead to
brain edema and the escape of blood components from vessels (Kumar et al. 2014).
Although various vessel types can be impacted, smaller vessels usually exhibit
initial signs of change (Iglesias-Gamarra et al. 2007).

In cases of brain tissue damage, the activity of various lipases is stimulated,
leading to the hydrolysis of membrane lipids. Initially, this may be triggered by an
increased influx of calcium ions (Klein et al. 2000). Shortly after brain injury,
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there is an influx of neutrophils, astrocytosis, edema, and the release of both pro-
and anti-inflammatory cytokines (McColl et al. 2009; Stella and Piomelli 2001;
Sulimai et al. 2023).

Studies have revealed that preceding systemic inflammation can have
detrimental effects on various components of the neurovascular unit (McColl et
al. 2009; Sulimai et al. 2023). Moreover, chronic systemic inflammation leads to
neuronal damage, resulting in dementia and death (Doyle and Buckwalter 2020;
Liet al. 2013). Systemic proinflammatory mediators influence the integrity of the
BBB, causing an increase in its permeability (Muccioli and Stella 2008; Trickler
et al. 2014). The breakdown of the BBB, including alterations to the neuronal
environment, occurs due to the disruption of tight junctions, resulting in abnormal
transport of molecules between the blood and the brain, as well as aberrant
angiogenesis, vessel regression, brain hypoperfusion, and an inflammatory
response (Wardlaw et al. 2020; Zlokovic 2008). This establishes a "vicious circle"
of the disease process, triggered by various conditions. Consequently, progressive
synaptic and neuronal dysfunction, along with the characteristic neuron loss
observed in NDDs, ensues. However, this process progresses slowly and is time
dependent.

The processes driving angiogenesis are not exclusively active during growth
and development; they are also crucial for certain physiological and pathological
occurrences throughout adulthood. For instance, angiogenesis is involved in
regular physical activity (Ding et al. 2004a; Ding et al. 2006a; Ding et al. 2004b;
Zhang et al. 2013), atherosclerosis (Blevins et al. 2021), retinopathies (Cavallaro
et al. 2014), hypertension, and especially during the development of some NDDs
(Brown et al. 2007; Moreno et al. 2013) and tumors (Claesson-Welsh and Welsh
2013; Josowitz, Bindra and Saltzman 2023; Pellerino et al. 2023). Inhibiting
angiogenesis is a crucial approach in the treatment of numerous diseases,
especially neoplasias, as adequate vascularization is essential for tumor growth
(Jayakumar et al. 2017; Josowitz et al. 2023; Lenci et al. 2021; Pulsatelli et
al. 2020; Wang et al. 2012).

Abnormal capillary density or alterations in the capillary bed and abnormal
angiogenesis have been observed in certain NDDs (Fernandez-Klett et al. 2020;
Kolinko et al. 2015; Skaaraas et al. 2021). The vasculature within the tissue is
essential for delivering oxygen and nutrients and removing metabolic waste
products. Additionally, the vasculature serves as a source for various immune
system cells and mediators. Therefore, the capillary network is vital for tissue
function, nourishment, tissue repair, inflammation, and the transport or removal
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of signaling molecules that regulate cell survival and death—with both beneficial
and adverse effects. The density of the vascular network can also influence the
success or failure of graft survival processes (Roitbak et al. 2008).

1.5.1 BBB breakdown and extravasation of blood cells

The significance of vascular structure and function in brain health is
underscored by the central role played by cerebral blood vessels in a broad range
of pathologies associated with cognitive impairment. One of the distinctive
features of cerebral vascularization is the presence of specialized tight junctions
that limit the diffusion of molecules and endocytic vesicles, and reduce the rate of
transcytosis compared to that in the peripheral vasculature (Zlokovic 2008).
Consequently, under normal conditions, caveolar transcytosis is minimal, and only
a limited amount of macromolecular cargo is allowed to cross the endothelium of
cerebral capillaries (Tuma and Hubbard 2003). However, during BBB
dysfunction, the activation of ECs leads to enhanced caveolar transcytosis, which
can have detrimental effects on brain cells (Muradashvili et al. 2012; Muradashvili
et al. 2016; Sulimai and Lominadze 2020). The increased capillary permeability
and significant transcytosis associated with these processes give rise to a
characteristic pathological manifestation known as cerebral purpura (Iadecola
2013; Montagne et al. 2017; Zlokovic 2011). Cerebral purpura can result from
various causes, including blood diseases, immunological disorders associated with
demyelination, fat embolism, infections, poisoning (such as arsenic or
anticoagulants), head trauma, heatstroke, septicemia, and disseminated
intravascular coagulation. The microscopic areas (microbleeds) associated with
blood extravasation are limited to the perivascular space and do not disrupt the
brain parenchyma (De Reuck 2012), but the access of nutrients to neurons is
complicated. Cortical microbleeds often accompany cerebral amyloid angiopathy
(CAA) (De Reuck 2012; Park et al. 2013). Typically, this condition is
accompanied by severe impairment of brain function, leading to NDD and
dementia development.

Another result of changing the capillary configuration is the blockage of
microvessels. The loss of large vessels elasticity increases the pulsatile stress on
microvessels, especiallyon the microvessels that branch directly from them, which
is the basis of parenchymal damage (Scuteri et al. 2011; Thompson and
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Hakim 2009). In contrast to large- and middle-sized vessels, the loss of
microvessels elasticity cannot be adequately compensated for by anastomotic
branches (Blinder et al. 2013; Kleinfeld et al. 2011). This results in reduced blood
flow that is inadequate and thus the creation of small ischemic spots similar to
microinfarcts (Nguyen et al. 2011; Nishimura et al. 2010; Shih et al. 2013). These
microinfarcts are distinct lesions characterized by necrosis, cavities, and
inflammation (such as astrocytosis, microgliosis, and macrophage infiltration)
(Thal et al. 2012) caused by the blockage of in small blood vessels. This process
shapes how the response of th body to neural activation occurs with a precise and
specific timing in terms of space and time (Iadecola 2004; Iadecola 2013).

In addition, endothelial dysfunction has another significant outcome: an
elevated permeability of the BBB, resulting in the leakage of plasma proteins,
including fibrinogen, into the brain (Iadecola 2013; Nguyen et al. 2011).
Fibrinogen activation triggers the activation of CD11b/CD18 receptors, which in
turn leads to the production of reactive oxygen species, proinflammatory
cytokines, and MMPs by activated microglia, reactive astrocytes, and
oligodendrocyte progenitor cells (Alruwaili et al. 2023; Brill et al. 2011; Lam et
al. 2023). Furthermore, MMPs directly influence junction proteins and
extracellular matrix proteins within the basement membrane (Rosenberg 2009)
whith increases in many NDDs and after ischemic CNS injury (Rosenberg 2009).
However, it is important to highlight that the alterations in blood flow triggered
by activation rely on the coordinated collaboration among neurons, astrocytes, and
vascular cells. This collaboration involves a diverse array of molecular signals,
including ions, arachidonic acid byproducts, nitric oxide, adenosine,
neurotransmitters, and neuropeptides (Cauli and Hamel 2010; Drake and Iadecola
2007; Kleinfeld et al. 2011).

Due to its crucial role in development and stability, alterations in the Notch
signaling pathway often contribute to the loss of vascular smooth muscle cells and
pericytes (Hofmann and Iruela-Arispe 2007). This loss can lead to a narrowing
(constriction) and/or occlusion of the capillary lumen. In these situations, changes
in the connection between ECs and pericytes, particularly within peg-and-socket
junctions, have been observed (Dziewulska and Lewandowska 2012; Glinskii et
al. 2013). Consequently, the brain microvascular network becomes unstable and
undergoes remodeling. Additionally, the ischemia caused by pericyte dysfunction
may hinder brain regeneration by limiting the delivery of nutrients and drugs to
the tissue and by promoting metabolic stress (Yemisci et al. 2009). Furthermore,
pericyte dissociation promotes a deficiency in the contribution of MMPs (Trivedi
et al. 2016; Winkler et al. 2011), resulting in a significant reduction in both the
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formation of new blood vessels and the stability of existing vessels, especially
during the initial stages of regeneration.

Moreover, pericytes play diverse roles in the breakdown of the BBB during
age-related learning and memory impairments associated with NDDs (Bell et al.
2010). Several disorders, including AD (Kisler et al. 2017; Montagne et al. 2015),
Parkinson's disease (Padel et al. 2016), multiple sclerosis (Geraldes et al. 2017;
Ortiz et al. 2014) and cerebral autosomal-dominant arteriopathy with subcortical
infarcts and  leukoencephalopathy = (CADASIL)  (Dziewulska  and
Lewandowska 2012), are commonly linked to pericyte dysfunction. The
development of BBB dysfunction is similar among these disorders, and the
presence of neuroinflammatory agents can further exacerbate this dysfunction.

A notable feature of neurovascular unit injuries is the loss of pericytes and
endothelial cells, accompanied by the deposition of IgG and fibrin outside the
blood vessels (Iadecola 2013; Sengillo et al. 2013). The loss of pericytes causes
damage to the BBB through two simultaneous pathways. First, it leads to a
decrease in microcirculation within the brain, creating continuous stress on blood
flow and oxygen levels. This stress contributes to reduced blood supply in brain
capillaries due to occlusion (Craggs et al. 2015; Dziewulska and
Lewandowska 2012). Second, there is an accumulation of serum proteins and
harmful large molecules in the brain, leading to subsequent degeneration in
neuronal function(Armulik et al. 2010; Bell et al. 2010; Montagne et al.2015).

Both pericytes and perivascular macrophages can potentially present
antigens, which marks the initial phase of adaptive immunity. Moreover, ECs and
microglia contain receptors associated with innate immunity, such as CD36, Toll-
like receptors, and the receptor for advanced glycation end products. (Kim et al.
2020; Lampron et al. 2013; Park et al. 2011).

1.5.2 Inflammation and thrombogenesis in neurodegeneration

Inflammation of the vessel wall or vasculitis can present in various forms
depending on the size of the affected vessels and the specific histological changes
observed (Povysil and Steiner 2007). In neurodegenerative diseases, vasculitis of
small vessels and capillaries is the most common manifestation. Studying the
characteristics of capillary wall vasculitis in NDDs provides valuable insights into
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the underlying pathological processes and contributes to improved diagnostic and
therapeutic approaches.

Microvessel vasculitis in NDDs is characterized by specific histological
features that indicate inflammation and damage to the -capillary walls.
Inflammatory cell infiltration, including lymphocytes and mononuclear cells,
observed within and around the wall of brain microvessels (Griffin et al. 1996;
Reich et al. 2018). Additionally, vasculitic changes lead to a thickening of the
capillary walls, often associated with edema and the deposition of immune
complexes (Ropper et al. 2014; Willison and Yuki 2002). The activation and
injury of endothelial cells are also evident, as ECs may show swelling,
detachment, or damage (Reich et al. 2018; Willison and Yuki 2002). Furthermore,
perivascular spaces can exhibit infiltrates of inflammatory cells, contributing to
the overall inflammatory response (Griffin et al. 1996; Willison and Yuki 2002).
These histological features have been described in various studies, including
research on conditions such as Guillain—Barré syndrome and multiple sclerosis.

In addition, damage to ECs can arise from direct immune cell attack or
exposure to various active substances released by adjacent cells (Iadecola 2013;
Sengillo et al. 2013). In either scenario, EC damage triggers a cascade of events,
including basement membrane exposure, fibrin release (Alruwaili et al. 2023;
Iadecola 2013; Nguyen et al. 2011), platelet activation, and the formation of
microthrombi (Reich et al. 2018; Willison and Yuki 2002). These changes
encompass the activation and swelling of neighboring ECs, leading to the
disruption of tight junctions between them. In response to the injury, inflammatory
infiltrates consisting of lymphocytes and mononuclear cells surround the damaged
ECs. These alterations in the endothelial barrier play a significant role in the
pathogenesis of various neurodegenerative diseases, contributing to the
breakdown of the BBB and potentially exacerbating neuronal degeneration.

Platelets play dual roles in pathological processes, as they can both be
activated in response to inflammation during disease and contribute to the
progression of such diseases, leading to additional neurodegeneration (Sulimai et
al. 2023). In the context of the area of traumatic damage that surrounds the regional
primary lesions, the formation of thrombi in the microcirculation contributes to
reduced cerebral blood flow in the traumatic penumbra (Schwarzmaier et al.
2010), resulting in secondary damage that impairs neuronal function and
ultimately leads to neurodegeneration (Birdsill et al. 2013). Additionally, platelet
extravasation has been observed in inflammatory reactions, often resulting from
vascular rupture or increased permeability of undamaged venular endothelium via
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a transcellular route (Feng et al. 1998). These mechanisms highlight the
involvement of platelets in pathological processes and their potential contribution
to neurodegenerative conditions.

Inflammatory changes and atherosclerosis can contribute to the formation of
microaneurysms (diameter 50-150 pm) (Armulik et al. 2010; Kisler et al.2017;
Montagne et al. 2015; Zlokovic 2011), which can lead to significant bleeding in
the brain (cerebral purpura) (Iadecola 2013; Montagne et al. 2017), particularly in
hypertensive patients. Additionally, edema resulting from ischemic damage can
further limit blood flow and contribute to an increase in intracranial pressure and
reduced perfusion through the brain (Yemisci et al. 2009).

The perivascular space serves as the pathway through which brain antigens
reach the systemic immune system (Galea et al. 2007), eventually draining into
the cervical lymph nodes (Laman and Weller 2013). Perivascular macrophages,
positioned alongside the vascular basement membrane, play a crucial role in
facilitating lymphocyte movement from the perivascular space across the glial
basement membrane and into brain tissue (Tran et al. 1998). Furthermore,
infiltrating immune cells release proinflammatory molecules, including cytokines
(e.g., interleukin-1P and tumor necrosis factor-o) and chemokines, contributing to
neuroinflammation and further recruitment of immune cells (Kovac et al. 2004;
Manich et al. 2019). Astrocytes express “death” ligands (CD95L) on their
perivascular end feet and control immune trafficking by triggering the apoptosis
of CD95+ lymphocytes attempting to enter the brain (Bechmann et al. 1999; Galea
et al. 2007).

It should be noted that inflammatory changes do not indicate a definite
infectious etiology. A predominance of neutrophils in exudate can be a reaction to
aseptic necrosis (cerebral infarction), whereas lymphocytic exudation is part of
demyelinating processes. Capillary proliferation is part of both inflammatory
(abscess surrounding) and non inflammatory changes (hypoxic changes and
Wernicke's encephalopathy). The detrimental effects of the nitrative/oxidative
stress induced by ischemia/reperfusion on affected microcirculatory areas have
profound implications for nutrient delivery to the tissue and play a critical role in
neuronal activity and survival (Dalkara and Alarcon-Martinez 2015; Dalkara et al.
2011; Hall et al.2014; Jespersen and Ostergaard 2012). The calcium-sensing
receptor (CaSR), a G-protein-coupled receptor, acts as a modulator of systemic
calcium homeostasis and is predominantly expressed in reactive astrocytes and
some neurons. Its expression regulates the altered extracellular ionic environment
within the ischemic and border zones, where it interacts with specific endothelial
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cells and pericytes (Noh et al. 2015). In severe cases of reduced blood flow,
pericytes might undergo intense and irreversible contraction, causing the blockage
of small capillaries. Surprisingly, this blockage can trigger the growth of new
blood vessels (angiogenesis and neovascularization) by activating the versatile
stem cell capabilities of other pericytes in the brain. This process holds promise
for achieving brain restorative effects (Eyden 2005; Padel et al. 2016; Truettner et
al. 2013; Yao et al. 2016).

1.6 Circulatory-system changes in neurodegenerative disorders

As described in the previous section, the condition of microvessels in NDDs
is associated with changes in other brain compartments that affect the local
environment. These changes can influence regenerative capacity, neural plasticity,
and subsequently impact therapeutic options. Changes in the brain can involve
alterations in the number or function of glial cells (Gyengesi et al. 2018; Qu et al.
2017), deviations in the levels of nourishing factors or signaling substances, the
presence of inflammatory agents (Castrogiovanni et al. 2021; del Pilar et al. 2021;
Patterson et al. 2014; Wachter et al. 2016), and microvasculature modifications.

Understanding microvascular bed changes in neurodegenerative tissue helps
predict therapy effectiveness and recovery challenges. Identifying alterations
helps elucidate disease features and the impacts of local environments on recovery
and neural plasticity. Vascular dementia, or cognitive impairment due to
cerebrovascular issues, ranks second among dementia cases after NDDs. In this
section, we will focus on the specific microvascular changes observed in certain
neurodegenerative diseases.

1.6.1 Vascular changes in Alzheimer’s disease

During the era of Alois Alzheimer (1900s), the prevalent belief regarding
dementia was that it was primarily caused by a condition known as "hardening of
the arteries," often referred to as arteriosclerotic dementia (Bowler 2007;
Jellinger 2006). Vascular factors were considered major players in dementia in the
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20" century until the 1980s, when amyloid-beta (AP) peptide was identified as the
main component of parenchymal (amyloid plaque) (Karran et al. 2011; Zlokovic
2011) and vascular (amyloid angiopathy) amyloid deposits (Glenner and Wong
1984; Kang et al. 1987), pathological hallmarks of AD. Furthermore, clinical
studies and postmortem analysis suggest a significant interaction between AP
deposition and microvascular pathology in a large majority (~ 90%) of patients
with confirmed AD (Ellis et al. 1996; Kamara et al. 2018; Strozyk et al. 2010).
Shortly thereafter, mutations in the amyloid precursor protein (APP) gene were
identified in familial forms of Alzheimer disease (AD) (Bertram and Tanzi 2008).

Neurovascular changes appear to be closely associated with
neuroinflammation caused by microglial activation and the release of
proinflammatory cytokines in response to the deposition of insoluble Af} proteins
(Nichols et al. 2019; Streit et al. 2004). The potential supposed effects of A,
although not the direct cause of the disease, can result in a notable decrease in the
number of neurons (Bouras et al. 2006; West et al. 2004). This decrease in neuron
and synapse quantity, along with the presence of neurofibrillary tangles and senile
plaques, is often observed alongside issues related to vascular pathology. There is
also a reported increase in the occurrence of twisted, kinked, and string-like
vessels, indicating a restructuring of the vascular extracellular matrix (Gama Sosa
et al. 2010). Furthermore, a reduction in the length and number of vessels without
any change in density (Kolinko et al.2015; Lee et al. 2005) might simply reflect
an adaptive reaction of the capillary network to the decrease in energy demands
associated with reduced neuronal activity in older individuals (Bouras et al. 2006).

There have also been reports of various degrees of vascular wall
degeneration, with the loss of basal lumens and distorted, swollen nuclei found in
endothelial cells, which promotes the formation of microhematomas up to 100 um
in diameter (Gama Sosa et al. 2010; Price et al. 2001; Winkler et al. 2013). In this
context, small hemorrhages coincide with the buildup of AP deposits in the layers
of blood vessel walls, such as the tunica media, smooth muscle cells, and
adventitia (Charidimou et al. 2012; Charidimou et al. 2018; Di Marco et al. 2015).
This accumulation hastens the development and advancement of amyloid
angiopathy in the small blood vessels of the brain (de Wit et al. 2017). Such
changes in the structure of vascular walls trigger a widespread increase in the
production of proteins linked to the extracellular matrix (de Wit et al. 2017).

Microscope examinations have shown a strong correlation between the
length of microvessels (capillaries) and the quantity of synaptic and neuronal
mitochondria in the hippocampus (Chen et al. 2018; Smith and McMahon 2018).
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Pericytes, which play a role in regulating the contraction of capillaries to maintain
blood flow (Bergers and Song 2005; Hall et al. 2014), seem to undergo alterations
due to the deposition of AP in blood vessels (Gama Sosa et al. 2010; Joo, et
al. 2017; Kumar-Singh 2008; Lai, et al. 2015; Revesz et al. 2003; Sengillo et
al. 2013).

Moreover, research indicates that the deposition of mutated AP in cell
cultures could influence the maturation of neural stem cells (Fonseca et al. 2013b)
and lead to irregularities in the functioning of glial cells (Voorhees et al. 2019).
Finally, both premortem functional magnetic resonance imaging and postmortem
studies on AD patients support the idea that degenerative changes in blood vessels
contribute to impaired remodeling of blood vessels and/or angiogenesis (Desai et
al. 2009; Kannurpatti et al. 2010).

In the initial stages of AD, hippocampal pericytes degrade, reducing platelet
derived growth factor subunit B (PDGF-B) production (Halliday et al. 2016;
Montagne et al. 2015; Tai et al. 2016). The disruption of endothelial/pericyte
interactions via molecules such as PDGF-B, a-SMA (alpha smooth muscle actin),
and CD13 (aminopeptidase N) leads to a reduced presence of vascular endothelial
cadherin in BBB endothelial adherens junctions (Bell and Zlokovic 2009; Gertz et
al. 2016), causing capillary diameter reduction and endothelial abnormalities
(Hellstrom et al. 1999). This support of AP deposits (Dalkara and Alarcon-
Martinez 2015; Dalkara et al. 2011; Yemisci et al. 2009) and accumulation of
harmful substances, causing neurovascular unit dysfunction (Duncombe et al.
2017; Iadecola 2017). Amylin cell inclusions in the pericyte cytoplasm contribute
to autophagy and reduced neuron-glial antigen expression (Molteni and Rossetti
2017). Consequently, this causes a leakage and buildup of harmful large molecules
such as fibrin (Padel et al. 2016; Paul et al. 2007), thrombin (Chen et al. 2010;
Mhatre et al. 2004), plasmin (Chen and Strickland 1997), and hemoglobin-derived
hemosiderin, leading to the accumulation of iron and reactive oxygen species (Bell
et al. 2012; Halliday et al. 2016; Zhong et al. 2008). This breakdown also
contributes to the impairment of adhesion molecule production in pericytes,
facilitating the entry of T-cells into the brain (Verbeek et al. 1995; Wevers and de
Vries 2016). Such an occurrence is observed in neurodegenerative conditions such
as multiple sclerosis.

The data from modern studies provide compelling evidence showing a 60%
reduction in pericytes and a 33% decrease in mural vascular cells in the human
cortex and hippocampus in patients with AD during the clinical stage (Sengillo et
al. 2013). Changes in the structure of the vascular wall were correlated with an
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increased production of extracellular matrix-related proteins. Studying capillary
changes in AD revealed that endoplasmic-reticulum stress plays a vital role in
reducing cerebral vascular density, increasing the number of apoptotic cerebral
vascular cells, and boosting AP production (Fonseca et al. 2013a; Miao et al.
2005). The vascular changes in AD were described as degenerative, with the loss
of the ability to perform vascular remodeling and/or angiogenesis (Desai et al.
2009; Kannurpatti et al. 2010). Nevertheless, the mechanisms underlying
microvascular dysfunction are not fully understood.

From a clinical perspective, vascular changes observed in AD appear as
cerebral amyloid angiitis (Chung et al. 201 1) or more commonly, cerebral amyloid
angiopathy (Charidimou et al. 2012; Illsley and Ramadan 2014). These conditions
account for approximately 5—-10% of instances involving spontaneous bleeding
within the brain (Iadecola 2013; Montagne et al. 2017; Zlokovic 2011).

Additionally, AD and cerebrovascular conditions might be associated with
overlapping risk factors, including hypertension, insulin resistance, diabetes,
obesity, elevated homocysteine levels, and high cholesterol levels (Craft 2009;
Fillit et al. 2008; Honjo et al. 2012; Purnell et al. 2009). The data indicate that
individuals with early cognitive dysfunction experience brain capillary damage
and BBB breakdown, independent of changes in Alzheimer's AP and tau
biomarkers. BBB breakdown may serve as an early biomarker of human cognitive
dysfunction, separate from A and tau (Iadecola 2013; Iadecola 2017; Nation et
al. 2019).

1.6.2 Vascular pathology associated with Parkinson’s disease

The second-most prevalent NDD in aging humans is Parkinson disease (PD)
(de Lau and Breteler 2006). PD is a slowly progressing inflammatory condition
affecting the nervous system. Symptoms such as slowed movements, stiffness,
difficulty maintaining balance, and tremors while at rest are recognized. These
symptoms stem from a considerable reduction in dopamine levels (Fahn 2003).
PD tends to be more prevalent in men, particularly among those who have a history
of smoking (Schwartz et al. 2012). The deterioration of neurons in PD patients
primarily impacts areas such as the substantia nigra, basal ganglia nuclei, and the
cerebral cortex, leading to a depletion of dopamine ing the nigro-striatal pathway
(Poewe 2009).

38



Literature review

One study examined the brain vessels of PD patients are reported a significant
reduction in the number of capillaries, along a with shorter length and increased
diameter (Guan et al. 2013). Evident damage to the capillary network was also
evidenced by reduced branching (Guan et al. 2013). The vascular pathology
included the formation of endothelial "clusters" and a damaged capillary network,
possibly due to vessel fragmentation. Significant vessel degeneration was
noticeable in various parts of the brain, including the substantia nigra, cerebral
cortex, and brainstem nuclei, but not in the caudate nucleus (Guan et al. 2013).
Comparable alterations were also observed in animal models (Sarkar et al. 2014).

These findings suggest that vascular degeneration may be a crucial additional
factor contributing to PD progression and may even play a role in the initial
pathology leading to neuronal degeneration. In support of this hypothesis, reports
have indicated significantly increased levels of molecular markers, such as
monocyte chemoattractant protein-1, vascular endothelial growth factor, and
endothelin-1, indicating endothelial damage in PD patients (Hunt et al. 2020;
Makarov et al. 2013). Notably, these changes were observed without alterations in
the levels of monocarboxylates and glucose in animal models (Puchades et al.
2013).

Assessing the brain by employing immunostaining for integrin avf3, which
signals the growth of new blood vessels and activated microglia, revealed an
increase in the number and activation of microglia, specifically in the substantia
nigra (Desai et al. 2009; Skaaraas et al. 2021). This finding the potential existence
of newly formed vessels that might not possess the typical barrier features of the
BBB.

1.6.3 Cerebrovascular alterations in Lewy body disease

The defining feature of Lewy body disease involves deteriorating neurons that
contain abnormal accumulations of proteins such as a-synuclein (Kalaitzakis et al.
2008; Lin et al. 2009). These inclusions are known as Lewy bodies and are
observed even before the clinical symptoms of PD appear, often during autopsy
examinations (DelleDonne et al. 2008; Pifl et al. 2023). Surprisingly, research
indicates a reverse link between Lewy body disease and established vascular
conditions, such as a history of stroke (Ghebremedhin et al. 2010). However,
specific vascular irregularities have been observed in the histological analysis of
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individuals with Lewy body disease. Notably, small spherical accumulations of
the TDP-43 protein have been observed near small blood vessels, but not near
larger vessels (Lin et al. 2009). These accumulations tend to associate with
capillaries and are enclosed by the vascular basal lamina, leading to the formation
of new basal lamina that compresses and pinches off the endfeet of astrocytes.
This finding suggested that the occurrence of microvasculopathy associated with
the loss of BBB integrity. Furthermore, changes in the number of microglia and
vessels, as well as increased angiogenesis, have also been documented in subjects
with Lewy body disease, indicating that these changes may occur during the
preclinical period of PD (Bradaric et al. 2012).

1.6.4 Altered vasculature in Huntington’s disease

Huntington's disease (HD) commonly occurs in individuals between the ages
of 35 and 50 and is inherited in an autosomal-dominant pattern (Montoya et al.
2006; Novak et al. 2012). This process involves the elongation of a polyglutamine
segment in a specific protein. Magnetic resonance imaging has revealed notable
reductions in blood flow within the brains of individuals with HD, particularly in
areas of the cerebral cortex linked to increased neural activity (Chen et al. 2012).
On the other hand, immunohistological studies in humans and mouse models have
shown increased vessel density in the cortical and striatal regions, suggesting an
intact and functional BBB (Franciosi et al. 2012; Lin et al. 2013). The chronic
deposition of peripheral lipopolysaccharides, which is typical in presymptomatic
HD, affects vessel integrity, but not vessel density or length (Franciosi et al. 2012).

The observed narrowing of vessel lumens was attributed to increased basal
lamina thickness, reflecting augmented smooth-muscle cell proliferation and
reduced protease activity involved in extracellular matrix turnover, leading to the
accumulation of vessel wall components such as collagen IV (Franciosi et al.
2012). This process influences the expression and activity of endothelial nitric
oxide synthase (Deckel et al. 1998; Duran-Vilaregut et al. 2011). However, the
effects of the mutant Huntingtin protein on ECs have not been reported.
Additionally, the vessel density in the cerebellum appeared similar between HD
patients and healthy individuals (Maat-Schieman et al. 1999).

Several scientists have explored treating HD by transplanting intact fetal
striatal tissue (Cisbani et al. 2013). However, these grafts exhibited fewer large
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blood vessels and astrocytes, which possibly affected their survival. The blood
supply seems to match the graft's size and how the fetal tissue is dissected
(Freeman et al. 2011). Therefore, solid graft that include their own blood vessels
from the donor might provoke a stronger immune response than transplants
involving suspended cells (Cisbani et al. 2013; Freeman et al.” 2011).

1.6.5 The role of blood vessels in amyotrophic lateral sclerosis

Amyotrophic lateral sclerosis (ALS) involves the slow progression of motor
neuron dysfunction and degeneration of motor neurons in the brainstem nuclei,
corticospinal tract, and ventral roots of the spinal cord and typically occurring after
the age of 40 years (Evans et al. 2013; Garbuzova-Davis et al. 2011). It has both
familial and sporadic causes, with mutations in more than twelve genes suspected
to contribute to ALS (Su et al. 2014).

In ALS, abnormalities appear at the subcellular level. These defects include
disrupted and deteriorating mitochondrial structures called cristae in both ECs and
neuropil. Additionally, astrocytes lose the ability to remove water from neural
tissue, causing swelling in the brainstem and spinal cord (Evans et al. 2013;
Garbuzova-Davis et al. 2011). The condition involves swelling of the foot
processes of astrocytes, decay of endothelial cells, and fluid buildup around
astrocytes and motoneurons, which collectively disrupt the BBB (Garbuzova-
Davis et al. 2011). Furthermore, ALS patients exhibit deposits around blood
vessels, and these deposits consist of hemoglobin from red blood cells and
hemosiderin, along with plasma proteins that leak outside the blood vessels
(Winkler et al. 2013). The toxic effect of hemoglobin on neural cells suggests that
microvessel ruptur plays a role in pathogenic neuronal degeneration. Additionally,
vascular rupturing coincides with a reduction in the capillary pericyte population,
which is critical for BBB function (Garbuzova-Davis et al. 2011; Winkler et al.
2013). Pericytes produce vasoactive neuropeptides; neurotransmitters;
vasodilators; and regulators of perfusion, hypoxia, immune responses, and
nociception (Staines et al. 2009). Hence, pericyte loss likely contributes to disease
manifestation.

Moreover, research has suggested a reduction in capillary length, number,
diameter, and blood flow in a mouse model of ALS (Miyazaki et al. 2011;
Zygmunt et al. 2003). However, these findings were not derived from systematic
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uniform random sampling (SURS), which might result in a biased selection of
microscopic fields of view (FOVs).

1.6.6 Corticobasal degeneration and progressive supranuclear palsy

Both corticobasal degeneration and progressive supranuclear palsy fall under
the category of Parkinson plus syndromes. Corticobasal degeneration is a
progressive degenerative condition impacting both the cortical and subcortical
systems, and typically emerges at approximately 60 years of age (Armstrong et al.
2013). A key part of the corticobasal degeneration involves the breakdown of the
cerebellar dentate nucleus (Su et al. 2000). However, while this area is affected,
the other cerebellar nuclei have not yet been thoroughly examined. This condition
displays signs of phosphorylated tau in neurons and glial cells, showcasing various
features such as pre-tangles, neurofibrillary tangles, astrocytic plaques, tufted
astrocytes, coiled bodies, and argyrophilic threads (Katsuse et al. 2003).

PSP is characterized by supranuclear ophthalmoplegia, primarily affecting
vertical gaze, pseudobulbar palsy, dysarthria, dystonic rigidity of the neck and
upper trunk, and other less consistent cerebellar and pyramidal symptoms.
Previously, this disease was considered arteriosclerotic parkinsonism
(Critchley 1929), but this concept was later discarded. Progressive supranuclear
palsy typically progresses more rapidly than PD and displays atypical clinical
features (Steele et al. 2014). This rapid progression is associated with increased
angiogenesis and a greater number of vessels in the affected areas (Bradaric et al.
2012).

Postmortem studies both corticobasal degeneration patients and patients with
progressive supranuclear palsy frequently reveal the presence of astrocytic plaques
and tuft-shaped astrocytes. A close proximity of the astrocytic plaques to the
nearest blood vessel, which shows a reduced diameter, has been observed,
suggesting the distal accumulation of phosphorylated tau associated with blood
vessels (Shibuya et al. 2011). These findings imply a similarity in the pathogenic
mechanisms of vascular injury in these diseases.
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1.6.7 Small vessel disease, leukoaraiosis, and lacunar infarcts

Cerebral small vessel disease (CSVD) is a prevalent, chronic, and progressive
vascular condition that primarily affects microvessels, 50—400 pm in diameter,
that supply white matter and deep brain structures(Chojdak-Lukasiewicz et al.
2021). CSVD is frequently observed as an incidental finding on brain scans,
particularly in individuals older then 80 years of age (Caruso et al. 2019;
Yousufuddin 2019) and accounts for approximately 20% of dementia cases
(Iadecola 2013). CSVD is commonly caused by various factors, including
arteriosclerosis, cerebral amyloid angiopathy, genetic small vessel angiopathy,
inflammation, immune-mediated small vessel diseases, and venous collagenosis.
The disease presents with a wide range of clinical and radiological manifestations.
It is primarily responsible for stroke incidents, gait disturbances, depression,
cognitive impairment, and dementia in elderly individuals (Das et al. 2019;
Rensma et al. 2018; van der Holst et al. 2015).

Confluent white matter lesions or leukoaraiosis, as well as lacunes (small
white matter infarcts measuring less than 1.5 c¢m), are frequently observed in
individuals with vascular cognitive impairment and are strongly linked to
cardiovascular risk factors, particularly hypertension, diabetes, hyperlipidemia,
and smoking (Gorelick et al. 2011; Iadecola 2013; Wardlaw et al. 2013a; Wardlaw
et al. 2013b). These lesions result in various types of damage, including
vacuolation, demyelination, axonal loss, and lacunar infarcts. The white matter
lesions are typically visualized as hyperintensities on MRI scans, although they
can also indicate other pathological conditions (Gouw et al. 2011). The vascular
issues associated with these lesions involve several pathologies. These pathologies
include atherosclerotic plaques affecting small blood vessels in the brain, the
accumulation of a hyaline substance in the walls of these vessels (known as
lipohyalinosis), fibrotic changes causing a stiffening and distortion of vessel walls
(arteriolosclerosis), and a complete breakdown of vascular wall integrity (fibrinoid
necrosis) (Blevins et al. 2021; Thal et al. 2012). Arterioles can become twisted,
with thicker basement membranes, and they are often surrounded by enlarged
perivascular spaces (Brown and Thore 2011). Additionally, there is a reduction in
the number of capillaries, and some nonfunctional capillaries, referred to as "string
vessels," are present; these lack endothelial cells and consist solely of a basement
membrane (Brown and Thore 2011). Venules exhibit collagen deposits (with
venous collagenosis) (Black et al. 2009; Brown and Thore 2011).
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1.6.8 Vasculature changes in Niemann—Pick disease

Niemann—Pick disease is associated with different levels of lipid storage and
foam cell infiltration in tissues, and affected young age patients exhibit shared
clinical features such as hepatosplenomegaly, pulmonary insufficiency, and/or
CNS involvement (Schuchman and Desnick 2017). Recent advancements have led
to the understanding that Niemann—Pick disease can be attributed to two separate
metabolic abnormalities. The first abnormality arises from the deficient activity of
the enzyme acid sphingomyelinase, leading to "types A & B" (Brady et al. 1966).
The second abnormality is related to defective cholesterol transport, resulting in
the condition known as type C disease. Neurodegenerative signs are observed
mainly in type A and type C of Niemann—Pick disease patients (Schuchman and
Desnick 2017). The disease is distinguished by a rapidly advancing
neurodegenerative course, with profound hypotonia and failure to reach
milestones.

Although the primary cause of the disease is A4/beta protein, it is not detected
in the form of plaques or in the walls of blood vessels (Love et al. 1995), which
might be associated with early atherosclerotic heart disease (McGovern et
al. 2004). However, in type C, there is a significant reduction in cholesterol
absorption and plasma cholesterol levels, providing nearly complete protection
from the development of atherosclerosis (Blevins et al. 2021; Davis et al. 2007).
Despite the availability of animal models for Niemann—Pick disease, there is a lack
of research on the pathological changes in the brain microvasculature.

1.7 Influence of the vascular network on graft survival and
integration

The vascular network plays a significant role in influencing the survival and
integration of grafts within the brain (Ballabh et al. 2004; Cisbani et al. 2013;
Vorbrodt and Dobrogowska 2003). The success of grafts, such as transplanted
cells or tissues, relies on their ability to establish proper vascular connections with
the host tissue. The vascular system provides the essential supply of oxygen,
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nutrients, and other vital factors necessary for cell survival and function (Abbott
et al. 2010; del Pilar et al. 2021).

When grafts are introduced into the brain, their survival and integration
largely depend on their ability to quickly establish a connection with existing
blood vessels (Cendelin 2016; Cvetanovic et al. 2017). The host vascular network
provides the necessary resources for the graft and facilitates the removal of waste
products and toxins produced by the gratft.

Moreover, a well-functioning vascular network is crucial for maintaining the
appropriate microenvironment around the graft, as it helps regulate temperature,
pH levels, and overall tissue homeostasis, and immune activities, all of which are
essential for the survival of grafted cells or tissues (Abbott et al. 2010; Cendelin
et al. 2022; Cendelin et al. 2006; del Pilar et al. 2021).

Conversely, inadequate vascularization can lead to graft failure. An
insufficient blood supply can result in ischemia, where the graft tissue is deprived
of oxygen and nutrients, leading to cell death. Poor vascular integration can also
hinder the exchange of signaling molecules between the graft and the host tissue,
limiting the ability of the graft to communicate and integrate effectively
(McFarland et al. 2007; Vogel et al. 2001; Winkler et al. 2014).

On the other hand, hematopoietic cells capable of influencing angiogenesis
and neurovascular repair in certain areas of the brain can be used for grafting
(Garbuzova-Davis et al. 2019).

1.8 Models of neurodegenerative diseases

NDDs often involve changes in very small blood vessels within affected
tissues. Sometimes, these changes are secondary effects, while in other cases, they
directly contribute to the degeneration process (Kolinko et al. 2015). Additionally,
abnormal microvessel density can either promote or hinder tissue regeneration and
might affect treatment efficacy. The level of vascularization in tissue is crucial,
especially for issues such as the development and proper integration of neural and
stem cell grafts into the affected areas (Cendelin 2016). However, there is limited
knowledge about vascular changes specific to cerebellar degeneration. Hereditary
cerebellar ataxias, a diverse and uncommon group of NDDs, significantly impact
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motor abilities, cognition, and emotional functions in patients (Manto 2005).

Many studies have focused on understanding how exercise affects the
number of small blood vessels in the motor cortex and the cerebellum (Isaacs et
al. 1992; Kleim et al. 2002; Swain et al. 2003). Prolonged physical activity
prompts significant capillary growth in the motor regions of the cortex as an
effective response. However, a previous detailed quantitative analysis specifically
examining of the extent of blood vessel growth in various histological sections of
the cerebellum had not been conducted prior to our research.

The frequently used models of cerebellar NDDs are Lurcher and Purkinje cell
degenerated mutant mice. To highlight the importance of studying the
microcirculation in the cerebellum, consider the following examples: In Lurcher
mutant mice, unlike in wild-type mice, cerebellar grafts struggl to integrate into
the host cerebellar tissue (Babuska et al. 2015; Cendelin et al. 2018; Purkartova et
al. 2019). However, this integration issue was not observed in Purkinje cell
degeneration pcd mutant mice (Purkartova et al. 2019).

This difference could be linked to abnormal numbers of very small blood
vessels, potentially influencing graft development. However, it is unclear whether
the change in the absolute number of capillaries results from less active blood
vessel formation during rapid neurodegeneration in the developing cerebellum
(Swain et al. 2003), or from a secondary decrease in capillaries that have already
formed (Rhyu et al. 2010). It is also plausible that both mechanisms are at play.
To answer this question, a more comprehensive study of various developmental
stages is necessary.

Over the last twenty years, transgenic (Tg) mouse models of AD have
revealed the vascular consequences associated with human AD mutations and the
accumulation of amyloid-beta peptides (Fonseca et al. 2013b; Gama Sosa et
al 2010; Kumar-Singh 2008; Lai et al. 2015; Lee et al. 2005; Sasaguri et al. 2017).
However, there is growing interest in using rats that overexpress mutations linked
to familial AD (Cohen et al. 2013; Jankowsky et al. 2001; Koulousakis et al. 2020).
This is because rats share a closer evolutionary connection with humans and
exhibit greater behavioral complexity compared than mice (Yang et al. 2004 ), thus
offering additional advantages for studying AD-related mutations in this model.
This prompted us to extend the scope of the results obtained from the study of the
aforementioned mouse models and assess their relevance for the specific
pathology. Consequently, we conducted a parallel investigation of hippocampal
vascularization utilizing a well-established rat model of Alzheimer's disease.
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1.8.1 Lurcher mice

Mutant or transgenic mouse models have been crucial for studying the
characteristics and progression of, as well as potential treatments for, hereditary
cerebellar ataxias (Cendelin 2014). One well-known spontaneous mutant model is
the Lurcher mouse (Lc) model, which mimics olivocerebellar degeneration
(Phillips 1960; Porras-Garcia et al. 2013). This condition arises from a mutation
(Grid2Lc) in the gene encoding responsible for the delta 2 glutamate receptor
(GluR62), which is mainly found in Purkinje cell dendrites and certain hindbrain
neurons.(Araki et al. 1993; Lomeli et al. 1993; Takayama et al. 1995). Mice
heterozygous for the Grid2L.c mutation experience a complete loss of Purkinje
cells within three months due to prolonged cell membrane depolarization (Zuo et
al. 1997). This triggers intracellular enzymes that promote neural degeneration,
leading to tissue protease activation (Lu and Tsirka 2002) and subsequent
secondary degeneration of granule cells, inferior olive neurons (Caddy and Biscoe
1979; Doughty et al. 2000; Heckroth and Eisenman 1991; Wetts and Herrup
1982a; Wetts and Herrup 1982b; Wullner et al. 1995), and inhibitory interneurons
in the cerebellar cortex (Zanjani et al. 2006). Although the cerebellar nuclei
undergo milder degeneration (Heckroth 1994), the loss of neurons sparks an
unusually persistent inflammatory response in the cerebellum of L.c mutant mice
(Vernet-der Garabedian et al. 2013). This degeneration causes ataxia (Fortier et al.
1987), cognitive issues, and behavioral abnormalities in these mice (Cendelin et
al. 2014; Hilber et al. 2004; Lalonde et al. 1988; Lorivel et al. 2014). Supporting
the damaged tissue through the host vascular system has emerged as a
straightforward method to counter and reduce the effects of this degeneration
(Cendelin 2016).

The Grid2Lc mutation, when present in a homozygous, results in extensive
loss of hindbrain neurons during the embryo development (Cheng and Heintz
1997). After birth, these large neurons are entirely absent (Cheng and Heintz
1997). This severe degeneration causes early death (Cheng and Heintz 1997,
Resibois et al. 1997), making homozygous homozygous for the Grid2Lc mutation
unsuitable for long-term experiments. In contrast, the wild-type (WT) littermates
of Lc mutants mice remain entirely healthy and are ideal as control subjects for
experiments.
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1.8.2 pcd mice

Purkinje cell degeneration (pcd) mice represent another commonly used
cerebellar mutant mouse model. These mice are homozygous for Agtpbplpcd/J
mutations found in the gene encoding responsible for cytosolic ATP/GTP binding
protein 1, also known as cytosolic carboxypeptidase-like protein (CCP1 or Nnal)
(Baltanas et al. 2011; Fernandez-Gonzalez et al. 2002). This protein is notably
active in cerebellar Purkinje cells (Baltanas et al. 2011; Fernandez-Gonzalez et al.
2002), olfactory bulb mitral cells (Greer and Shepherd 1982), and retinal
photoreceptors (LaVail et al. 1982). The mutation triggers a swift and almost
complete degeneration of Purkinje cells through either apoptotic (Kyuhou et al.
2006) or autophagic (Chakrabarti et al. 2009) mechanisms. Degeneration initiates
around Postnatal Day 20 (Baltanas et al. 2013), and by Day 28, it is nearly total in
most parts of the cerebellum (Mullen et al. 1976). The decrease in cerebellar
granule cells follows the loss of Purkinje neurons and escalates progressively
(Ghetti et al. 1987; Triarhou 2010). Cerebellar nuclei exhibit a slight reduction in
size (Triarhou et al. 1987), while inferior olivary neurons begin disappearing
between Postnatal Days 17 and 23, with a 49% decrease reached by Day 300
(Ghetti et al. 1987). Pcd mice additionally undergo a gradual degeneration of the
retina, olfactory bulb mitral cells (Blanks et al. 1982; Blanks and Spee 1992;
LaVail et al. 1982; Mullen et al. 1976), and thalamus (Ogorman 1985; Ogorman
and Sidman 1985). They serve as a model for neurodegeneration, showcasing the
selective death of specific neuron groups across different brain regions over a well-
defined period (Mullen et al. 1976; Wang and Morgan 2007). The organization of
the microcirculatory network in the pcd mouse cerebellum closely aligns with
previously described principles (Kleiter and Lametschwandtner 1995; Kolinko et
al. 2016; Rhyu et al. 2010).

1.8.3 Transgenic rat model of AD

Transgenic Fischer 344 Alzheimer's Disease (TgF344-AD) rats express
human APP with the Swedish mutation and human PSEN1 with the Aexon 9
mutation. Both of these transgenes are controlled by the mouse prion promoter
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(Cohen et al. 2013). Compared to those of endogenous rats, the brains of TgF344-
AD rats exhibit more then than twofold greater expression of human APP and
sixfold-fold greater expression of human PSEN1 (Cohen et al. 2013). Over time,
TgF344-AD rats exhibit increasing levels of both detergent-soluble and detergent-
insoluble amyloid-beta (AB) between 6 and 26 months (Cohen et al. 2013).

Amyloid plaques progressively accumulate in the hippocampus and cortex of
these rats. These plaques also appear in the striatum and cerebellum. Cerebral
amyloid angiopathy emerges in the cortex, hippocampus, striatum, and
cerebellum. Neuritic dystrophies are associated with these plaques (Cohen et
al. 2013).

Signs of microgliosis and astrogliosis become noticeable by 6 months (Cohen
et al.2013). While the neuron numbers in the hippocampus and cortex of TgF344-
AD rats resemble those in wild-type animals at 6 months of age, approximately
40% neuron loss is observed by 16 months (Cohen et al. 2013). At 16 months, the
presence of Hirano bodies and spongiform vacuolar pathology are evident (Cohen
et al. 2013). Cerebrovascular dysfunction is linked to vascular amyloid deposition,
leading to the loss of normal increases in blood flow in cortical penetrating
arterioles in response to hypercapnia (Joo et al. 2017). Until now, only a limited
number of studies have focused on examining the intricate network of very small
blood vessels in these and other transgenic rat models of AD (Ahmad et al. 2002;
Corbett et al. 2013; Fitting et al. 2010; Heggland et al. 2015; Madhavadas and
Subramanian 2017; Wang et al. 2014).

Tau pathology has also been identified in TgF344-AD rats. Antibodies
targeting specific phospho-tau epitopes and conformation-selective tau antibodies
can be used to stain neurons in the hippocampus and cortex (Anderson et al. 2023;
Morrone et al. 2022). The locus coeruleus was postulated to be one of the initial
brain regions to display tau pathology during AD development, prompting an
inquiry into locus coeruleus pathology and noradrenergic markers in TgF344-AD
rats (Rorabaugh et al. 2017). Hyperphosphorylated tau is detected in the locus
coeruleus at 6 months of age, preceding its appearance in the medial entorhinal
cortex or hippocampus. Although no neurofibrillary tangles, amyloid plaques,
astrogliosis, or neuron loss are observed in the locus coeruleus in rats up to 16
months of age, the norepinephrine content in the hippocampus is lower in TgF344-
AD rats than in wild-type rats at 16 months of age. Similarly, in comparison to
wild-type rats, 19-month-old TgF344-AD rats exhibit decreased visual acuity but
increased contrast sensitivity (Tsai et al. 2014).
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2 Objectives and hypothesis

The basic aim of this work was to investigate various aspects of brain
microcirculation, and cerebellar disorders, and to perform histological
quantification in different mouse models to gain a comprehensive understanding
of their roles in neurodegenerative diseases and potential therapeutic
interventions.

The specific and complementary objectives are as follows:

2.1. To explore the role of brain microcirculation in the pathogenesis of various
neurodegenerative diseases, focusing on the processes of angiogenesis and
changes in the brain microcirculation.

Hypothesis: ~ The brain microcirculation plays a significant role in the
development of neurodegenerative diseases, and these vascular changes
may have both secondary consequences and direct involvement in the
pathogenesis of these diseases, contributing to neuronal degeneration
based on their quantitative characteristics. The review should also discuss
stereological methods commonly used to assess qualitative and
quantitative changes in the brain microvascular bed (more in 10.1).

2.2. To compare spatial navigation, learning, and memory in three-month-old
mice using two commonly used cerebellar mutant mouse models, pcd and Lc
mice, to better understand the functions and mechanisms of cerebellar
disorders related to motor coordination, cognitive processes, and affective
behaviors. The focus is on the quantitative differences in the retina receptors
of the mice.

Hypothesis:  Both pcd and Lc mice would exhibit deficits in spatial
navigation, learning, and memory due to their cerebellar mutations. These
mutations could contribute to retinal degeneration, especially in middle-
aged and older mice, affecting the results of behavioral studies. However,
the extent to which retinal degeneration affects behavioral disorders in
mice in this age group is unclear. We expected to observe differences in
their exploration behavior, motivation, and performance in various tests,
with Lc mice showing better overall performance than pcd mutant mice.
We believed that these results will not be attributed to differences in the
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number of retinal receptors (more in 10.2).

2.3. To investigate the influence of cerebellar-related stress response
abnormalities on spatial learning and memory in cerebellar-deficient Lurcher
mice. The focus is on the quantitative differences in the mouse adrenal gland,
which produces stress hormones.

Hypothesis:  Additionally, we expected that, compared with wild-type (WT)
mice, Lc mice would exhibit an enhanced stress response, as evidenced by
increased levels of corticosterone in their urine and increased volumes of
adrenal gland components. This should be reflected in a change in the
volume, first and foremost, of the glomerular zone of the adrenal glands.
However, despite the stress response, we predicted that Lc¢ mice would still
retain some capacity for spatial learning (more in 10.3).

2.4. To investigate and compare the vascularity of the individual cerebellar
components in WT, pcd and Lc mice, which serve as models of hereditary
olivocerebellar degeneration.

Hypothesis:  The cerebellar components of L.c mutant mice would exhibit
changes in the total number of microvessels compared to those of WT
mice, with reductions in vascular density in the cortex due to a reduction
in cerebellar volume. Additionally, we expected to observe differences in
the relative density of microvessels in the cerebellar cortex and nuclei
between Lc mutant and WT mice, potentially providing insights into the
vascular changes associated with hereditary cerebellar degeneration (more
in 10.4.1).

Hypothesis:  In pcd mutant mice, there would be a significant reduction in
the microvascular network in the cerebellum, proportional to the cerebellar
volume reduction, especially in the cerebellar gray matter compared to that
in WT mice (more in 10.4.2).

2.5. To assess the total volume and general morphology of embryonic cerebellar
grafts injected in the form of embryonic Purkinje cell suspensions in Lc and
pcd mutant mice, as well as in their WT counterparts.
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Hypothesis: ~ We believed that the intensity of microvascularization would
affect trophic support and have an impact on the quality of graft survival,
which may be evident in changes in the graft total volume and/or the
general morphology of transplanted cells. Additionally, such a study
would allow the assessment of the efficacy of treating Lc degeneration
through embryonic cell transplantation (more in 10.5.1).

Hypothesis:  Graft survival in pcd and Lc mice may differ due to variations
in cerebellar microvascularization. Thus, we hypothesized that in the
group with a higher capillary density, transplant-derived Purkinje cells
would colonize the host cerebellum more efficiently (more in 10.5.2).

2.6. To assess microvascular structure differences between Tg rats and non-Tg
littermates of rats using rigorous stereological methods. The focus is on the
number and length of microvessels in various hippocampal subregions.

Hypothesis:  There would be significant microvascular differences in the
total hippocampus and specific hippocampal cell layers between Tg and
non-Tg rats. Additionally, within each group, differences in microvascular
parameters were expected across different hippocampal subregions. (more
in 10.6).

2.7. To review and unify the existing understanding of how brain pericytes work
in normal body functions, their role in causing neurodegenerative diseases,
and their connections with different parts of the neurovascular system.

Hypothesis: ~ We hypothesized that brain pericytes would play crucial roles
in normal brain physiology and be involved in the pathogenesis of
neurodegenerative diseases and tumorigenesis. The interaction between
pericytes and other components of the neurovascular unit was expected to
be essential for maintaining proper brain function. By gaining a
comprehensive understanding of brain pericyte function, we could uncover
new insights into the mechanisms of various brain disorders and develop
novel therapeutic strategies. (more in 10.7).
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2.8.To explore the use of virtual microscopy in developing sampling strategies
for the quantification of FOVs via histology, covering various histological
examples.

Hypothesis: We hypothesized that virtual microscopy and whole slide scans of
histological sections would enable efficient and unbiased sampling of FOVs
for quantitative histology, providing practical implications for various
histological studies (more in 10.8).
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3 Description of the experimental materials and
methods used

3.1 Animals and ethical statements

The following types of rodents were used in the experimental part of this
study:

e Three-month-old (= 1 week) B6CBA and C3C mice with clinical signs of
cerebellar ataxia and healthy WT mice (clinically healthy individuals, i.e.,
mutation noncarriers or heterozygotes) from identical litters of the strain
were used. Males and females were tested at an approximately 1:1 ratio.
These mice were kindly provided by Prof. A. Resibois from the Université
Libre de Bruxelles, and the mice for the experiments were then generated
by crossing wild-type females and heterozygous Lurcher males in the
breeding facility of the Faculty of Medicine in Pilsen.

e Three-month-old (= 1 week) B6.BR-Agtpbp1P°%/J strain pcd mice with
clinical signs of cerebellar ataxia and strain-matched WT mice. Males and
females were used in approximately a 1:1 ratio.

o Twelve-month-old (£ 1 week) male rats from TgF344-AD (Tg) litters and
non-Tg littermates were used. The DNA of the Tg rats included both the
APPsw and A exon 9 mutant human presenilin-1 (PS1AE9) genes, while the
non-Tg rats were negative for either or both of these human mutations.

The animals were kept in plastic cages (22 x 25 x 14 cm), with 2—4 mice per
cage, all within the same room in the breeding facility. The animals were
maintained under consistent conditions, with controlled temperature (2223 °C)
and humidity (30-60%), following a 12-hour light/dark cycle (from 6 am to 6 pm).
Food (standard commercial pellet diet) and water were provided without
restriction.

Animal care and breeding were carried out in the Central Animal Facility of
the Faculty of Medicine in Pilsen, which possesses the necessary licenses for
animal use and for breeding and supplying experimental animals. The institution
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was also certified for genetically modified organism manipulations. The
experiments reported here were conducted in full compliance with the European
Union guidelines for scientific experimentation on animals and with the
permission of the Faculty Committee for the Prevention of Cruelty to Animals.
The samples were collected at the Department of Pathophysiology, Faculty of
Medicine in Pilsen, in laboratories accredited for experimentation on animals by
researchers with certification for experimentation on laboratory animals. All
animal manipulations were approved and performed in compliance with Act Ne
246/1992 of the Czech Republic Coll., on the Protection of Animals against
Cruelty, as amended.

3.2 Tissue processing

Specific details or experimental procedures, including the multilevel
sampling of tissue, tissue blocks, and FOVs, as well as IHC protocols, are provided
in the corresponding papers (see 10.2-10.6). The sampling strategy was previously
optimized in a pilot study by Kolinko et al. 2015 & 2022 (see 10.1 and 10.8).

Briefly, the animals earmarked for the study of brain vascularization were
euthanized by flushing 0.1 M phosphate-buffered saline (PBS; pH 7.4) followed
by 4% paraformaldehyde through the heart. The brains were then preserved in
70% alcohol at 4 °C for 24 hours and subsequently transferred to 10% phosphate-
buffered formalin for 30 days before being embedded in paraffin blocks for
subsequent procedures.

Paraffin blocks were sectioned into 18-um thick serial sections using a Leica
RM 2145 microtome (Germany). Every 30" horizontal section was placed onto
glass slides and subjected to immunostaining using a polyclonal rabbit anti-
laminin antibody (dilution 1:1000; Dako, Glostrup, Denmark). The staining was
visualized using diaminobenzidine (Dako, DAB Chromogen) and the sections
were further counterstained with hematoxylin.

Graft-treated mice were euthanized after the transplantation by an overdose
of thiopental (0.2 ml of 10% solution intraperitoneally) and then transcardially
perfused with Ringer’s solution followed by 4% phosphate-buffered
paraformaldehyde. The brains were then immersed in the formaldehyde solution
for 2 hours. After incubating in 15, 20, and 30% sucrose, the brains were frozen
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and stored at — 80 °C until further processing. Subsequently, 40 um frontal frozen
sections were cut. The graft was identified using enhanced green fluorescent
protein in native specimens.

3.3 Immunohistochemistry

The microvessels within brain sections were observed by employing a
polyclonal rabbit anti-laminin antibody (dilution 1:50; Dako, Glostrup, Denmark;
No. Z009701). To ensure accuracy, negative immunohistochemistry controls were
used following the manufacturer's guidelines. Additionally, the mouse colon was
utilized as a positive control in this analysis.

The sections were dewaxed in Xylene, rehydrated and successively incubated
in 1) cooled acetone for 10 minutes; 2) 1% normal goat serum for 10 minutes at
room temperature; 3) primary antibody solution for 12 hours at 4 °C; 4) N-
Histofine Simple Stain MAX PO (Multi, Nichirei biosciences, Inc.) for 30 minutes
at room temperature; and 5) a Liquid DAB+ Substrate Chromogen System (Dako,
DAB Chromogen) for 1-4 minutes for visualization. Finally, after standard
staining with Goll's hematoxylin for visualization of nuclei, the sections were
dehydrated with alcohol, cleared with xylene, mounted on slides with Solakryl
mounting medium, and coverslipped.

The presence of graft-derived Purkinje cells was verified through the
colocalization of enhanced green fluorescent protein (EGFP) and anti-calbindin
fluorescence.

3.4 Quantitative histological analysis

Stereological analyses were performed on sections from each unit without
prior knowledge of their genotype. The analysis was conducted using Stereologer
software (v11.0) from SRC Biosciences (Tampa, Florida, USA). This software
was operated on a PC that was set up with a Nikon Eclipse Ti-U microscope,
standard optical lenses, a high-resolution digital imaging camera (Promicra 3-
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3CC), and a ProScan III motorized 3-axis step motor from Prior Electronics, UK,
to carry out the analyses. Microscopic fields of view were taken automatically in
an SURS manner. The stereology data were collected for the total region volume
(V) of interest and for the specified histological layers of the cerebellum (ML, GL,
WM, N) or hippocampus (CA 1-2, CA 3, DG). The details related to the specific
quantitative technique and histological staining used for the data collection are
outlined in Table 2.

The estimated volumes of each reference space were determined using the
Cavalieri principle by counting points (Mouton 2002; Mouton 2011) using
standard low-magnification lenses (Plan Fluor, NA 0.13-0.45). Briefly, the V of
each region was quantified from the sum of points (3_P) hitting each subregion in
a grid of equidistant, calibrated points superimposed on the slide according to the
following (Equation 1:

(Equation 1)

ZAh ZPAPt

where k is a constant interval between the sampled sections; A is the sum of the
areas of all sections of the sample, given as a function of the sum of points (3 P)
that intersect an anatomically defined reference area of interest, multiplied by the
area per point (Ap); and 4 is the height of these sections, measured after the
completion of tissue processing (t), which has been validated using theoretical
arguments (Gundersen and Jensen 1987) and by practical demonstration using the
Archimedes principle of volume displacement (Subbiah et al. 1996).

The coefficient of error (CE) is estimated to assess the data reliability and
precision. It measures the variability in sampling results and ensures accuracy in
estimating tissue characteristics. The method (Gundersen et al. 1999) involves
calculating three sums of section areas as the first step:
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Table 2 - Utilized methods of histological staining and the quantitative

parameters obtained from them

Staining Quantitative Approach Evaluated areas Used
parameter (unit) objective
HE Total region volume Cavalieri Adrenal gland; entire medulla ax
(V) estimator  zona glomerulosa; zona fasciculata;  10x
zona reticularis; medullary tissue
Retina ax
Outer nuclear layer 20x
Total number (N)  Optical disector Nuclei of retinal receptor cells 60x oil
probe
Anti-laminin Total vV Cavalieri Entire cerebellum or hippocampus 4x
(Dako) estimator
Cerebellar histological layers (ML, 4x
GL, WM, N)
Hippocampal principal cells 10x
sublayers (DG, CA1, CA2/3)
Total microvascular Optical disector Histological layers of the cerebellum  60x oil
number (Neap) probe or hippocampal principal cell
sublayers
Total microvascular  Optical space Histological layers of the cerebellum  60x oil
length (Lcap) ball probe or hippocampal principal cell
sublayers
Native EGFP Total region volume  The Cavalieri ~ Embryonic Purkinje cell suspension 20x
fluorescence (V) estimator

Parameters based
on the above
indicators

non

Average densities of
capillaries (Nvcap)
and/or their length
(LVCBP)
Potential diffusion
distance (DD)

Mathematically
in
postprocessing

Total Ncap Or Leap Of cerebellum

Mathematically Histological layers of the cerebellum
in or hippocampal principal cell
postprocessing sublayers

Mathematically Histological layers of the cerebellum
in or hippocampal principal cell
postprocessing sublayers
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(Equation 2)
A=Y a? - taking into account all sections selected from the first (a)
to the last (a,,);
B =) a; a;.; -taking into account all sections selected from a, to a,,_4;
C=>a; a;,, -taking into account all sections selected from a, to a,,_;.
Then, the CE was calculated using the following relationship:
(Equation 3)

J3A+C—4B
CE - 12

Ya;

The sampling strategy was adjusted to achieve the desired accuracy levels of
CE ~ 0.10 across the study.

According to the theories on capillary growth and overall capillary structure
(Ausprunk and Folkman 1977; Patan et al. 1992), the capillary network can be
seen as a node-segment setup. Each node or saddle point represents where a blood
vessel branches out, while a capillary is formed as a loop connecting two nodes in
the vascular network. To count the number of loops/segments, it is crucial to assess
how the capillary network is interconnected at microvascular endpoints. The
estimation of capillary numbers, endpoint counts, and lengths was carried out
using a 60% oil objective (CFI, Plan Apo Lambda, Na 1.4), with the exclusion of
1-um guard zones at the top and bottom surfaces of each section.

The total number of microvascular segments (Ngp) and the total
microvascular length (L.,,) were estimated using an optical disector probe
(Gundersen 1986; Sterio 1984; West et al. 1991). Briefly, we counted structures
within small reference samples, and based on those counts, we determined the
values for the total object volume. If the chosen regions of interest (ROIs) had
multiple layers, each part of the cerebellum was counted within the appropriate
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ROI using the point grid method (Glaser et al. 2007; Mouton 2002).

The total number of microvascular endpoints was estimated by counting the
saddle points of the capillary branch nodes +1(Gundersen et al. 1993; Nyengaard
and Marcussen 1993). N, is double (2x) the number of nodes (Lee et al. 2005;
Mouton 2002; Nyengaard and Marcussen 1993).

Estimates of L., were made using the Space Balls probe (Mouton 2002; West
2018). In this technique, small spherical probes, called space balls, are virtually
embedded in the tissue, and their intersections with microvessel profiles are
counted to obtain unbiased estimates. L.,, was equal to double the number of
cross-sections between the sphere and vessel profiles.

The average capillary segment density (Nv.ap) and/or length density (Lvcap)
were calculated as Negp Or Leap divided by the total volume. The mean length of a
single capillary segment could be determined by dividing Lcap by Neap.

Finally, the potential diffusion distance (Dp) of the capillaries was
determined during postprocessing using using the following equation:

(Equation 4)

ra )

The gamma function (I') is used to account for the nonuniform contour of
vascular diffusion relative to the center of the vessel (Isaacs et al. 1992). This
indicates that the ability of nutrients to spread is inversely proportional to the square
root of the density of the blood vessels.

3.5 Statistical analysis

Calculations were performed using the software Statistica 13 (StatSoft, Inc.,
Tulsa, OK, USA). Given that a considerable portion of the data were not normally
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distributed, all the methods used were nonparametric. We used a two-sample Mann—
Whitney U test to compare the effects between two groups (WT vs. ped). To assess
the effects within each group, we used Friedman ANOVA and Kendall’s coefficient
of concordance (Fanova). Relationships between two parameters were assessed using
Spearman's rank correlation coefficient. The data are presented as the mean + SD,
and P < 0.05 indicated statistical significance.

3.6 Literature reviews preparation

After defining the focus and specific research question within the field of
interest, a comprehensive search was conducted using databases such as Scopus,
PubMed, and Web of Science. Keywords, Boolean operators, and filters were
employed to gather articles relevant to the scope of the review.

Initially, review-type articles were assessed, followed by a detailed
examination of the original research articles. Emphasis was placed on studies using
stereological approaches for tissue analysis. Consideration was given to the
publication year and venue.

Key information extracted from the selected articles was meticulously
organized, categorized, and supplemented by pertinent data from other literature
sources. The primary objective was to identify common patterns, controversies, and
gaps in the literature, as well as to compare and contrast findings across various
studies.

The referencing of selected articles throughout the manuscript adhered to the
appropriate citation style guidelines.
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4 Results

4.1 The role of microvascularization in the pathogenesis of various
neurodegenerative diseases

We review the processes of angiogenesis and the alterations that occur in
brain microvessels within the context of the most prevalent NDDs. Notably, there
is no consistent pattern of vascular alterations among these diseases. Sometimes,
vascular changes occur as a result of the primary disease, while in other cases, they
might contribute to the disease origin and progression by impacting nerve cell
degeneration, depending on their severity and quantity. Furthermore, we discuss
stereological methods commonly employed to obtain both qualitative and
quantitative data for evaluating changes in the brain microvascular network.

4.2 A trend toward a reduction in the density of retinal receptors
in pcd and Lc mice

The mean volume of the control mouse retina was 1.916 £+ 0.334 mm?. The
retina V of B6.BR mice were 22% larger than those of B6CBA mice (Figure 44).
Additionally, the mean retinal volume was 13% greater in males than in females.
The volume of the outer nuclear layer in males was 0.534 &+ 0.1214 mm?3, whereas
that in females was 0.442 £ 0.1171 mm?3. The total number of photoreceptor nuclei
located in the outer nuclear layer was 2,542,595 + 860,915 on average in the
control mice, and the density of the nuclei in females was 7.6% greater than that
in males (Figure 4B). Nonsignificant reductions in the total volume (Lc, 11.5%;
ped, 16.6%), total number of photoreceptors (Lc, 8.3%; pcd, 27.7%), and density
were observed in both the pcd and Lc mutant mice. In females, the loss of
photoreceptors per unit of outer nuclear layer volume progressed more quickly
due to their initially denser distribution (see section 10.2).
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Figure 4 - The results of the stereological investigation of the retinas in B6.BR
(WT and pcd) and B6CBA (WT and Lc) mice

4.3 Adrenal gland morphology in Lurcher mice

In this part of the study, Lc mice exhibited increased corticosterone levels
following exposure to the Morris water maze and maintained consistently higher
levels than did wild-type mice throughout the water maze trials (Tuma et al. 2017).
Notably, the sustained increase in stress in the mutant mice was not consistent with
the decrease in stressor impact due to adaptation to the water maze (see section
10.3).

Stereological analysis revealed (Figure 5) that the entire adrenal glands of Lc
mice were notably larger than those of WT mice (2.153 £0.03 in Lc vs. 1.847+£0.222
in WT). When analyzing cortical zones individually, the zona glomerulosa exhibited
no significant difference, while the zona fasciculata and zona reticularis were
relatively larger in the Lc mutant mice than in the WT mice. Interestingly, despite
serving as sources of corticosterone, these latter two zones did not exhibit significant
correlations between their volumes and either basal or stress-induced hormone levels.
Furthermore, both the absolute and relative volumes of the adrenal medulla were
greater in Lc mice. The mass of the medulla, excluding the large vessels, was also
larger both in absolute terms and in proportion to the overall size in Lc mice (Figure
5 4,B). Remarkably, the detailed histological structure of individual components
within the adrenal gland of L.c mutant mice did not appear to be altered (Figure 5C).
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Figure 5 - Graphical comparison of acquired quantitative data (A, B) and
general morphology (C) of the adrenal gland in Lurcher (Lc) and wild-
type (WT) mice. * P <0.05; ** P <0.01; *** P <0.001. C — stained with

hematoxylin and eosin

4.4 Morphometric analysis and microvascular characteristics of
cerebellar degeneration

In this part of the study, we investigated the differences in the microvascular
bed organization between healthy (Figure 64) and ataxic mice (Figure 6B-D),
particularly focusing on Lc and pcd mutant mice.

We examined healthy mice and observed no significant differences in the
volume of their cerebellum. However, mice with ataxia exhibited distinct
alterations. First, compared with pcd mice, Lc mice showed a more substantial
reduction in cerebellar volume (Lc, ~71%; pcd, ~43%), with the cortex being
primarily affected in both cases (Figure 6F). Second, the decrease in the
microvessel Nep (Figure 6E) in Lc mice was disproportionate to the decrease in
cerebellar volume (~53% reduction in Lc versus ~40% in pcd). Remarkably, the
Nveap doubled in Lc mice but remained relatively stable in ped mice.
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Figure 6 - Photomicrographs of control (A) and ataxic (B-D) mouse
microvessels labeled with an anti-laminin antibody and box plots (E-G)
illustrating selected quantitative parameters of the microvascular

network in the cerebellar histological subregions
A) Purkinje cell labeled with a white arrow. B) The optical disector frame was used
for the quantification of “capillary saddle points” (green arrows for the molecular
layer and red arrows for the granular layer) at branch points or nodes. Labels for the
frame corners were used to distinguish the respective regions of interest (red and
green circles) during the analysis. C) The capillary length was determined using the
space ball method by counting the number of intersections between the surface of the
spherical probe and a spline through the center of each capillary (green dotted line).
E-G) Significant differences (p < 0.05) identified using the Wilcoxon matched-pair
rank test are indicated by the error bars between adjacent data bars for differences
between groups and by * for the respective compartments.
Space bars: A—C =10 um; D — 200 pm
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Furthermore, analyses of L.,, revealed significant differences (Figure 6G).
In asymptomatic B6CBA mice, L. was considerably lower in all gray matter layers
than in asymptomatic B6.BR mice. In particular, a significant reduction in L was
observed in the granular layer of Lc mice. Interestingly, the vessel density in the
ML was lower than that in the GL in asymptomatic mice. In pcd mice, the Ny,
and Ly increased solely in WM. However, in Lc mice, the capillary density
increased in the cortex layers.

Our study highlights the complex alterations in microvascular bed
organization in cerebellar ataxia mice (see sections 10.4). Notably, ataxia mice
exhibited distinct changes in cerebellar V, Neap, and Ny.ap, particularly in the cortex
layers. These findings provide valuable insights into the vascular dynamics
associated with ataxia, shedding light on potential mechanisms underlying
cerebellar dysfunction in these murine models.

4.5 Graft survival and microvessel supply in the mouse cerebellum

Generally, the grafts exhibited bilateral survival in most mice, with
occasional instances of unilateral or complete graft extinction. Consequently, no
significant differences in graft survival were observed (see section 10.5).

The presence of a clear demarcation between the graft and the host tissue was
strongly associated with Lc cerebellar degeneration due to greater clustering of the
graft-derived Purkinje cells (see section 10.5.1). Overall, there were only isolated
cases of EGFP-positive sprouting fibers or dispersed Purkinje cell-like cells that
migrated beyond the bulk of the graft into the host tissue (Figure 74). In WT mice
of the same strain, the cerebellum was colonized by numerous enlarged Purkinje-
like cells, albeit with disorganized dendritic trees.

In contrast to those in Lc mice, both WT and pcd mutant mice exhibited
enhanced fiber sprouting from the graft into the host cerebellum and/or colonization
of the host cerebellar cortex by EGFP-positive cells (see section 10.5.2). Sprouting
of fibers from the graft into the host cerebellum was less frequently observed in
both WT and Lc mice of the BOCBA strain, as well as in wild-type B6.BR mice.
In contrast, this phenomenon was consistently noted in pcd mice with graft—
cerebellar contact. The fibers extended from the graft mass into the white matter
or were oriented toward the cerebellar nuclei in pcd mutant mice (Figure 7B).
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Figure 7 - Features of the placement of the embryonic Purkinje cell
suspension in the cerebellum of Lc (4) and pcd (B) mutant mice and

the results of total volumesvolume measurement (C)

A,B) Native EGFP fluorescence: grafted tissues glow bright green. Space bars—500 um.
C) Error bars represent the standard error of the mean (SEM). The dotted line represents
the comparison for the 6-week survival period, and the solid line represents the
comparison for the 8-week survival period. Significant differences between adjacent data
bars are indicated by the error bars: * P <0.05; ** P <0.01

Graft volume was significantly greater in C3H wild-type mice than in C3H
Lc mutant mice (Figure 7C). In B6CBA mice, no significant difference was
observed between Lc and WT mice. It is important to note that a strain difference
was observed in wild-type mice, with C3H wild-type mice having larger grafts
than their B6CBA counterparts.

The B6CBA mice exhibited a gradual reduction in graft volume as time
progressed. Consequently, over the 6- to 8-week survival period, the graft volume
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decreased by approximately half in both Lc and WT mice. The graft volume in the
B6CBA mice was consistently smaller than that in the B6.BR mice, whether they
were wild type or carried the mutation causing Purkinje cell death. On the other
hand, no significant differences were observed between pcd mice and their WT
littermates.

4.6 Reduction in microvascular length in the hippocampus in an
Alzheimer's disease rat model

Hippocampal sections from Tg rats showed plaques with clear contours and
prominent findings of abnormal hair-like capillaries in the vicinity of AP plaques
(Figure 8 A,B). The findings from the study (Figure 8 C-E; Section 10.6)
demonstrated significant decreases in V, Ncap, and Lcap in the hippocampal PCL
of the transgenic rats compared to those in the hippocampal PCL of their
nontransgenic littermates. In particular, the overall length of capillaries within the
DG was affected in Tg rats. This reduction was accompanied by a clear tendency
toward a decrease in the total number of capillary segments. Interestingly, the
mean capillary length was notably greater in the transgenic rats than in the
nontransgenic rats (p=0.036). This trend was particularly pronounced in the CA1
region of the hippocampus. Notably, a similar trend toward increased occurrence
of kinked, twisted, and string-like vessels has been observed in transgenic mouse
models of AD. However, our results diverge from those of studies conducted on
transgenic mouse AD models, as the total number of capillaries in the white
matter, specifically the corpus callosum, was significantly lower. This disparity
warrants further investigation into potential species-specific differences in
capillary remodeling processes.

4.7 Brain pericyte function

In this study, we consolidate the existing information on the role of brain
pericytes in both normal brain function and their involvement in the development
of neurodegenerative diseases and tumorigenesis. The findings reveal the essential
requirement for enhancing the understanding of the mechanisms by which
pericytes lead to alterations in overall brain metabolism. The lack of standardized
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Figure 8 - Examples of anti-laminin antibody-labeled microvessels (4,B)
and box plots (C-E) illustrating selected quantitative parameters in the
hippocampal principal cell layers of control (non-Tg) and transgenic
(TgF344-AD) rats
A) A randomly positioned systematic-uniform grid of equidistant points (red) was
generated by the software over each outlined region of interest. The green points
represent interesting objects. B) The vessels serve as the main source of
hippocampal blood supply as shown by black arrows. Thinner hair-like capillaries
(red arrows) are common in transgenic rats. C-E) Significant differences (p < 0.05)
identified using the Wilcoxon matched-pairs ranks test are indicated by the error
bars between adjacent data bars. Space bars: A, B — 100 um

mechanisms by which pericytes lead to alterations in overall brain metabolism. The
lack of standardized methodologies and the limited quantitative data in existing
studies hinder a comprehensive and precise understanding of pericyte changes in
neurodegenerative diseases and tumorigenesis. Variability in methodologies across
studies contributes to conflicting outcomes, emphasizing the necessity for consistent
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approaches. Despite the considerable volume of related research, substantial gaps
persist, particularly in understanding pericyte effects on perivascular glial cells, since
the effectiveness of pericyte signaling has emerged as crucial for understanding the
regenerative mechanisms of brain tissue following injury and plays a role in brain
plasticity.

This study underscores the urgency of further comprehensive research on brain
pericytes, considering the multifaceted roles of the BBB and the complexities of
disease development. Future investigations should delineate changes in pericytes
within diseased tissue and preferably track the progression of these changes
throughout the disease course. Additionally, employing unbiased quantification
methods, such as automatic stereology systems, is advocated for accurate pericyte
assessment. These comprehensive studies are pivotal for advancing clinical
applications in diagnosing and treating neurodegenerative and mental disorders. For
more details, see 10.7.

4.8 Sampling in quantitative histology and stereology

When planning a stereological assessment, determining the method of sampling
FOVs is a pivotal consideration. The choice lies between analyzing the entire slide
(whole-slide analysis, which requires a scanner) or focusing solely on a representative
section. In studies with limited sample sizes or small sample sizes, assessing complete
preparations is suitable. However, for larger preparation areas, it is crucial to select a
sufficient number of FOV's to minimize variable deviation. This error increases as the
number of FOVs decreases, although it remains acceptably low for homogeneous
samples. Therefore, for heterogeneous samples, conducting a pilot study is advisable
to determine the appropriate number of FOVs for a specific study. Occasionally,
samples with different absolute sizes, despite having an equal number of sampled
FOVs, result in varying sampling densities. In cases of low biological variability, this
discrepancy typically does not introduce significant errors.
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5 Discussion

The study of the brain microvasculature, especially in the cerebellum, holds
pivotal importance for both theoretical science and clinical applications.
Understanding these microcirculatory processes provides insights into potential
interventions that can enhance the neuronal environment. By focusing on drugs
affecting the brain microvasculature/microcirculation, opportunities arise for
surgical and therapeutic strategies aimed at optimizing the conditions for
individual neurons, thereby potentially improving neurological outcomes and
treatments.

5.1 Unveiling the significance of microvascular changes in
neurodegenerative diseases

The review presented in section /0. allowed us to delve into the intricacies
of microvascular research within neurodegenerative diseases. This exploration
serves as a foundational step toward broadening the research scope of our
laboratory in this domain. It was imperative for us to establish this starting point
to guide our future studies in this critical area. A separate task was to become more
familiar with the methods of quantitative histological analysis of brain capillaries
and critically analyze the data obtained by other scientists in this area.

Despite numerous studies on microvascular changes, our investigation
uncovered substantial gaps in understanding the state of microvessels within
spinocerebellar ataxias, a heterogeneous group of diseases. Moreover, conducting
quantitative analyses of brain region perfusion in individuals with conditions such
as mental illness, chronic alcoholism, or multiple sclerosis holds significant
interest. Based on our findings, it became evident that there is an extensive dearth
of information concerning the microvessel topography in the human brain.
Existing studies predominantly focus on mapping arger and medium-sized vessels
(Delion et al. 2017; Marco et al. 2019) within the human brain, leaving a
significant gap in understanding microcirculatory channels, primarily through
extrapolation from animal model research.
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On the other hand, this part of the work shows that in-depth studies on
alterations in brain blood supply occurring in NDDs will affect therapeutic
effectiveness. Understanding the role of microvascular abnormalities in the
pathogenesis of NDDs is vital for clinical applications. If vascular pathology
actively contributes to disease progression rather than being solely a secondary
phenomenon, therapeutic targeting may be warranted (Gama Sosa et al. 2010;
Iglesias-Gamarra et al. 2007).

5.2 Spatial disturbances in Lurcher and pcd mice

This and other sections of the work represent a continuation of numerous
projects dedicated to investigating cerebellar neurodegeneration, which have been
ongoing in the laboratories of the Faculty of Medicine in Pilsen, Charles
University (Babuska et al. 2015; Cendelin et al. 2012; Cendelin et al. 2006; Vozeh
et al. 1997).

Cerebellar disorders can cause significant sensory problems in two ways—
by affecting the processes involved in perception and by causing abnormalities in
eye movement control. When the cerebellum is affected by lesions, it disrupts
systems related to perception, such as vision, proprioception, and self-motion
awareness (Baumann et al. 2015). This disruption leads to various sensory
impairments. Additionally, controlling eye movements, especially for maintaining
sight fixation and tracking moving objects, is crucial. Studies have reported
abnormalities in optokinetic and vestibuloocular reflexes in Lc mice (Van Alphen
et al. 2002). Similar eye movement issues could be expected in pcd mice (Killian
and Baker 2002), in which vestibuloocular reflexes remain nearly normal
(Yakusheva et al. 2007).

Vision profoundly impacts spatial navigation, and retinal degeneration
significantly influences behavior, especially spatial performance in pcd mice.
Although retinal degeneration progresses slowly in these mice (Blanks et al. 1982;
Blanks and Spee 1992; LaVail et al. 1982; Marchena et al. 2011), we noted only
a slight decrease in photoreceptor density during spatial orientation testing.
However, even before a noticeable reduction in photoreceptors occurs, vision
issues could affect behavior due to the early functional decline of the degenerating
retina (Marchena et al. 2011).
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Given these factors, sensory issues are expected to significantly contribute to
navigation challenges in mice with cerebellar degeneration. In tasks involving a
visible goal, these issues might be less prominent than in tasks with hidden goals.
This difference arises because the visible goal represents a single object within the
maze, while locating a hidden goal requires the identification of multiple external
landmarks. This distinction notably contributes to the increased stress experienced
by experimental animals with neurodegeneration compared to that experienced by
healthy subjects by affecting their capillary network through the secretion of
significant amounts of stress hormones.

5.3 Spatial performance and abnormal stress response in
Lurcher mice

In the next step of the study (Tuma et al. 2017), we explored the intricate
connection between levels of corticosterone, a classic stress marker (Hilber et al.
2004; Lorivel et al. 2014), and spatial impairments (Maras et al. 2014; Sandi et al.
1997) in Lec mutant mice (more in 10.3). The findings, based on basal corticosterone
levels in the urine of Lc and WT mice, revealed that stress induced by the testing
mazes remains consistent throughout the procedure in both healthy and
neurodegenerative mice, challenging assumptions regarding habituation and stress
hormone secretion.

However, the stereological investigation of the adrenal glands revealed
specific enlargement of the zona fasciculata and zona reticularis, both of which
are involved in corticosterone production, consistent with the heightened stress-
induced corticosterone levels observed in Lc mice. This expansion could be
attributed to heightened stimulation by adrenocorticotropic hormone (ACTH) and
subsequent hypertrophy. Although basal corticosterone levels did not correlate
with these volumes, the enlarged adrenal cortex suggested a capacity for greater
corticosterone production. This could be attributed to the prolonged activation of
the stress axis in Lc mice, implying possible hypersensitivity to stress at the central
level.

In summary, these findings shed light on the intricate interplay of
corticosterone levels, the stress response, and spatial impairments in cerebellar Lc
mice. The observed alterations in corticosterone levels and adrenal morphology
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provide valuable insights into the complex mechanisms underlying stress
sensitivity and its potential impact on cognitive performance.

5.4 Alterations in cerebellar vascularization in degenerative
mice

The results presented in sections 4.4 and 10.4 (Kolinko et al. 2016; Kolinko
et al. 2023) revealed that the mouse cerebellar cortex constitutes more than 80%
of the total volume of the cerebellum. Approximately half of this volume is
attributed to the GL, while the other half comprises the ML and Purkinje cell
layers. The cerebellar cortex contains the highest number and length of blood
vessels, notably within the GL. Neuron-rich regions such as the GL and cerebellar
nuclei display dense vessel networks due to high metabolic demands (Rhyu et al.
2010). In contrast, white matter possesses lower vascular density and longer
diffusion distances. Unfortunately, detailed studies on human cerebellar
microcirculation are lacking, yet comparisons indicate variations in vessel density
between humans and mice, especially in gray and white matter (Cassot et al. 2006;
Kubikova et al. 2018; Tonar et al. 2011). Although the distribution of vessels
differs, the overall trends in vascularization are similar between human brains and
mouse cerebellum, except for varying rates of blood flow in specific areas (van
Raaij et al. 2012).

At three months of age, the total volume of the cerebellum was significantly
lower (by approximately two-thirds) in the Lc mice than in the WT mice due to
cortical degeneration, with the granular and molecular layers being particularly
affected. This was attributed to the degeneration of Purkinje, basket, and stellate
cells, which caused a decrease in the number of axons coming from the GL
(Baltanas et al. 2013; Caddy and Biscoe 1979; Fernandez-Gonzalez et al. 2002;
Triarhou 2010). The reduction in granule cell volume resulted from secondary
target-related death. While white matter showed a decreased in volume, there was
a notable disappearance of Purkinje cell axons and degeneration of climbing
fibers. Vascular changes were largely observed in the cerebellar cortex after
substantial degeneration, indicating a relationship between neural degeneration
and vascular alterations. The increased capillary density in the cerebellar cortex of
Lc mice correlated with reduced tissue space, potentially enhancing nutrient
availability and the transport of regulatory factors. However, it might also
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intensify the exposure of tissues to proinflammatory cytokines (Cvetanovic et al.
2017; Vernet-der Garabedian et al. 2013; Vernet-der Garabedian et al. 1998). We
speculate that this could influence the pathogenesis and therapeutic strategies for
cerebellar degeneration. However, the underlying relationship between vascular
changes and neuronal degeneration needs further exploration, especially given the
temporal relationship of these changes during ontogenesis.

The features of the microvascular bed in pcd mice differed from our earlier
findings in Lc mutant mice. First, it is crucial to note that the cerebellar volume
reduction was more pronounced in Lc mice than in pcd mice (~71% in Lc versus
~43% in pcd mice). Second, the N, was lower in Lc mice but this reduction was
not proportional to the reduction in cerebellar volume, unlike in pcd mice (~53%
reduction in Lc versus ~40% in pcd mice). Consequently, capillary density almost
doubled in Lc mice but remained nearly unchanged in the cerebellar gray matter
of pcd mice. Additionally, the average length of a capillary did not change in ped
mice.

Purkinje cell degeneration commences approximately Postnatal Days 8-10 in
Lc mice (Caddy and Biscoe 1979), but begins at Postnatal Day 20 in pcd mice
(Baltanas et al. 2013). This discrepancy potentially explains the more severe
degeneration of granule cells, which leads to a significant volume reduction and
consequently, a secondary increase in relative capillary density. Thus, these
differences in the timeline of neuronal degeneration between Lc and pcd mice may
explain the distinct differences in the distribution of the cerebellar microvascular
network. For more details see section 10.4.2.

In summary, both Lc and pcd mice exhibited cerebellar volume and
microvascular network changes. Reduced capillary numbers did not alter the
density of capillaries in pcd mice, unlike in Lc mutant mice. Despite the reduced
absolute quantity of capillaries in pcd mutant mice, their nearly normal
microvessel density at 3 months led to a comparable diffusion distance, which was
critical for maintaining extracellular homeostasis. Early vascular shifts might
occur during degeneration. The findings support structural implications.
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5.5 Interplay between graft survival and vascularization quality
in the cerebellum of mutant mice

Although the primary focus of this chapter is not on the transplantation
process, providing context here contributes to a more holistic understanding of the
interplay between graft survival and regional vascularization quality. This is
important because the potential success of tissue transplantation for therapeutic
purposes is directly related to the quality of blood supply to the recipient tissue. In
addition, tissue with a higher vascular density may serve as the better recipient for
a transplant, even before its own vascular network is established. Embryonic
cerebellar grafts were chosen for treatment due to their reliability as a source of
Purkinje cells (Babuska et al. 2015; Cendelin et al. 2012; Purkartova et al. 2014;
Sotelo and Alvaradomallart 1987), the primary cell type experiencing
degeneration in both Lurcher and pcd mice.

The study showed that graft volume was significantly influenced by
degeneration/strain factors but not by single factors. The qualitative graft
morphology varied significantly between Lc and WT mice, and this distinction
was not strain-specific (see 10.5.1). The most pronounced distinction emerged in
graft integration into the host cerebellum. While WT mice exhibited graft-derived
cell dispersion from the main graft mass, Lc mice often exhibited distinct graft-
host borders, even on the surface of the cerebellum of mutant mice.

Alternatively, higher capillary density and reduced diffusion distance might
expose the graft to more proinflammatory cytokines (del Pilar et al. 2021; Vernet-
der Garabedian et al. 1998). This could potentially restrict the movement of
transplanted cells and the sprouting of axons into the host tissue.

In contrast to Lc mice, which primarily display delimited grafts, pcd mice
exhibited a greater frequency of fiber sprouting from the graft than did WT mice,
with Purkinje cells migrating and colonizing the host cerebellum (see 70.5.2).
Notably, the strict delimitation of grafts is not an issue in pcd mutant mice. These
observations indicate that graft integration challenges in Lc mice differ from those
in pcd mice and highlight the distinct influence of the local tissue niche on graft
cells.

The results revealed that factors such as increased neurotrophic levels
(Babuska et al. 2015), increased release of stress hormones and microvascular
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density (Kolinko et al. 2023; Tuma et al. 2017) at the site of implantation of the
brain graft can play key roles in the therapeutic effect of successful tissue
implantation.

In conclusion, these studies enhance our understanding of cerebellar graft
development and its interaction with degenerated tissue. While graft survival is
attainable in the cerebellum of mutant mice, graft integration varies significantly.
This study underscores the necessity of tailored neurotransplantation therapeutic
approaches for various cerebellar pathologies.

5.6 Capillary network modifications in AD-TgF344 rats

As part of an effort to deepen our understanding of morphological changes
in microvessels in NDDs, this study delved into the morphological changes in
microvessels within a rat model of Alzheimer's disease (AD), aiming to
quantitatively assess the microvascular system in the hippocampus—a key region
affected in AD. An investigation of 12-month-old TgF344-AD rats highlighted a
substantial reduction (49%) in the L, in the DG, accompanied by increased mean
microvessel diffusion distance. This reduction, coupled with a decrease in Ny, and
DG volume, potentially underpins the reported neurodegeneration,
electrophysiological disturbances, and cognitive decline in early AD stages
(Zhang et al. 2019). Here, we found that the presence of a number of delicate
capillaries near amyloid plaques in Tg rats aligns with observations in murine AD
models (Bailey et al. 2004; Gama Sosa et al. 2010), indicating similarities with the
cerebral amyloid angiopathy observed in postmortem AD patients (Bailey et al.
2004; Lai et al. 2015). Based on these findings, we believe that the TgF344-AD
mouse model demonstrates a histological representation of secondary capillary
network degeneration due to neurodegeneration.

The study also noted decreasing volumes across principal cell sublayers in
Tg rats, consistent with previous findings and suggesting degeneration (Cohen et
al. 2013; Jankowsky et al. 2001; Koulousakis et al. 2020). Notably, the PCL
displayed a denser capillary network than the entire hippocampus in Tg rats,
possibly indicating microcirculatory remodeling in response to AB deposition
(Ardalan et al. 2016; Pearson-Leary et al. 2017). However, discrepancies with
previous reports in Tg rodent AD models were evident, suggesting potential
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differences in vulnerability and temporal changes in the microvascular system
between species(Gama Sosa et al. 2010; Lee et al. 2005; Zhang et al. 2019).
Further investigation into the chronological development of these changes may
elucidate similarities and differences between rodent AD models and human
(Ardalan et al. 2016; Chen et al. 2018; Gama Sosa et al. 2010; Lee et al. 2005).

5.7 The impact of pericytes on the brain during
neurodegeneration

The curiosity surrounding brain pericytes has grown as their impact on
neuronal function has become more apparent. Despite numerous studies exploring
the properties and functions of these proteins, we often lack a comprehensive
understanding of their functional histology. In section 10.7 (Kolinko et al. 2018)
of this work, we conducted a review to consolidate the current understanding of
brain pericyte function in normal body functions, their involvement in NDDs, and
tumor development. We focused on how these proteins interact with other
elements in the neurovascular unit. Additionally, we discussed the techniques used
to identify brain pericytes and the methods for obtaining both qualitative and
quantitative data to evaluate changes in pericytes.

Understanding how brain microvascular pericytes influence brain
metabolism could pave the way for diagnostic and therapeutic breakthroughs in
NDDs and mental disorders. However, the methods used in studies and the
scarcity of quantitative data in published research pose challenges in clearly
describing and quantifying pericyte alterations in NDDs and tumor growth.
Conflicting findings arise from the use of diverse methods, leading to a lack of
consensus even within studies of the same disease. Despite extensive research on
pericyte changes, there is still a significant knowledge gap. Investigating pericyte
quantity across different brain regions during viral infections, mental health
conditions, chronic alcohol use, and neurodegenerative illnesses could offer
valuable insights. The efficiency of pericyte signaling is critical for natural healing
mechanisms in brain tissue postinjury and for brain adaptability. Hence,
comprehensive studies on brain pericytes, considering the multifaceted functions
of the BBB and the complexities in disease development, are crucial for clinical
applications. These studies should outline pericyte alterations in diseased tissue
and, if possible, their evolution during disease progression. Additionally,
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Discussion

employing unbiased quantification techniques, such as automatic stereology
systems, would be beneficial.

5.8 Using virtual microscopy for sampling strategies in
quantitative histology

Effective quantification demands two criteria: clear staining for structure
identification and well-defined reference space boundaries (Howard and Reed
2004; Mouton 2002). It is important to note that the illustrated FOV sampling
represents a fraction of the quantitative histology. Other sampling levels—subjects
per group, tissue probes, and slide sampling—are equally important (Gundersen
and Osterby 1981; West et al. 1991).

In the examples provided, we aimed to distribute sampling evenly across the
regions of interest and specimens. This SURS strategy, illustrated above, surpasses
simple random sampling by uniformly covering all relevant areas (Mayhew and
Lucocq 2015). Although not exhaustive, these examples offer insights into 2D
FOV sampling for quantitative histology. We included optimized pilot studies and
challenging cases.

Pilot studies, in which sample power analysis is calculated from typical
samples, help manage sampling error (CE estimates) combined with biological
variance (Tschanz et al. 2014). Descriptive pilot statistics (mean, standard
deviation) aid in sample power analysis (Chow et al. 2017), guiding required
sample sizes for group comparisons.

In summary, combining virtual slide scanning and unbiased sampling aligns
with quantitative microscopy principles (Gundersen et al. 1999). Virtual
microscopy aids slide-level sampling. The principles of SURS benefit validity,
efficiency, and repeatability. Virtual slide scanners should support the scientific
use of SURS.

79



6 Conclusions

Our presented series of research, which focuses on quantitative histological
analysis of microvascular changes in neurodegenerative rodent models, holds
significant importance. Providing detailed quantitative data on microvascular
alterations, will contribute to a better understanding of how structural changes in
blood vessel networks may impact neural health and function. This knowledge can
have far-reaching implications, from explaining cognitive and motor deficits to
potentially guiding therapeutic interventions targeting vascular-related aspects of
neurodegeneration. Moreover, this work highlights the necessity of precise
quantitative methods for interpreting complex biological changes, emphasizing
the synergy among histology, neuroscience, and broader scientific inquiries.

The experience gained from addressing the aforementioned studies leads us
to several common understandings:

6.1.  Vascular changes in common neurodegenerative diseases vary widely. They
can either be secondary effects or actively contribute to neuronal
degeneration. Our discussion also covers the common stereological methods
used to assess these changes in the brain microvascular network.

6.2.  Although retinal degeneration might impact behavioral disorders in younger
subjects, we observed noticeable differences in behavior and test
performance between Lc and ped mutant mice. These distinctions are not
thought to be connected to variations in the number of retinal receptors.

6.3.  This research explored stress responses in mutant mice during maze testing
and revealed consistent stress levels despite assumptions about habituation.
Enlarged adrenal gland sections related to stress hormone production suggest
continuous stimulation of the capillary network, especially brain
microvessels, by stress hormones. These findings offer insights into the
complex relationship among stress, corticosterone levels, and
microvasculature status in this neurodegenerative model.

6.4. The cerebellar cortex and nuclei contain a significant portion of the cerebellar
microvascular network, particularly in mice, with variations in vascular
density across its layers. In Lc mice, severe cerebellar degeneration correlates
with reduced capillary numbers but increased capillary density, impacting
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6.5.

6.6.

6.7.

6.8.

Conclusions

nutrient availability and potential inflammation. Conversely, pcd mice
exhibit a different timeline of degeneration, leading to distinct microvascular
changes. Despite capillary reductions, their maintained densities suggest
crucial implications for tissue homeostasis. These findings emphasize the
interplay between neuronal degeneration and cerebellar microvascular
alterations, warranting further exploration of therapeutic strategies.

This study reveals that degeneration significantly influences graft
distribution. Graft integration differs notably between mutant mice, revealing
the impact of the tissue environment. Factors such as neurotrophic levels and
local microvascular density are crucial for successful tissue implantation.
These findings advance our understanding of cerebellar graft development
and its interaction with degenerated tissue, highlighting the need for tailored
transplantation approaches in cerebellar pathologies.

We detected microvascular alterations in the transgenic Alzheimer's disease
rat model, highlighting considerable reductions in the number of
hippocampal microvessels. These changes appeared largely secondary and
exhibited partial histological similarities to the observed alterations in pcd
mice but differed in nature from the microvascular changes observed in Lc
mice. Furthermore, disparities from earlier rodent models suggest varying
vulnerabilities and temporal shifts in microvasculature, underscoring the
importance of further investigations to delineate similarities and differences
between rodent AD models and human AD.

This review highlights the significance of brain pericytes in neurophysiology,
neurodegenerative diseases, and tumorigenesis. [t demonstrates that pericytes
play a crucial role in brain tissue local niches, warranting further research.
This pursuit holds promise for potential advancements in neurological
disorder diagnostics and therapeutics, underscoring the need for
comprehensive studies utilizing standardized quantification methods across
various pathological contexts.

Effective quantification via histology relies on clear staining, well-defined
boundaries, and uniform quantification rules. Our focus on FOV sampling
illustrates one facet of quantitative histology, emphasizing the importance of
evenly distributed sampling across regions of interest. Pilot studies and
sample power analyses help manage sampling errors and guide sample size
determination for group comparisons. The integration of virtual slide
scanning and unbiased sampling aligns with quantitative microscopy
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Conclusions

principles, enhancing validity, efficiency, and repeatability in scientific
endeavors.

In summary, quantitative histology serves as a powerful tool for
comprehensively investigating and interpreting structural changes, functional
consequences, and potential therapeutic interventions in various research contexts.
The integration of quantitative histology with other disciplines underscores its
significance and the critical role it plays in advancing our understanding of
complex biological systems and driving scientific progress. This research
exemplifies the essential connection between quantitative histology and broader
scientific endeavors, making it a valuable contribution to the field.

82



7 References

Abbott, N. J., Patabendige, A. A. K., Dolman, D. E. M., Yusof, S. R., Begley, D. J.
(2010). Structure and function of the blood-brain barrier. Neurobiology of
Disease, 37(1), 13-25. https://doi.org/10.1016/j.nbd.2009.07.030

Abbott, N. J., Ronnback, L., Hansson, E. (2006). Astrocyte-endothelial
interactions at the blood-brain barrier. Nature Reviews Neuroscience, 7(1), 41-
53. https://doi.org/10.1038/nrn1824

Ahmad, A., Murthy, M., Greiner, R. S., Moriguchi, T., & Salem, N. (2002). A
decrease in cell size accompanies a loss of docosahexaenoate in the rat
hippocampus. Nutr Neurosci, 5(2), 103-113.
https://doi.org/10.1080/10284150290018973

Aird, W. C. (2007). Phenotypic heterogeneity of the endothelium I. Structure,
function, and mechanisms. Circulation Research, 100(2), 158-173.
https://doi.org/10.1161/01.RES.0000255691.76142.4a

Alruwaili, M., Al-Kuraishy, H. M., Alexiou, A., Papadakis, M., Alrashdi, B. M.,
Elhussieny, O., Batiha, G. E. (2023). Pathogenic role of fibrinogen in the

neuropathology of multiple sclerosis: a tale of sorrows and fears. Neurochem
Res. https://doi.org/10.1007/s11064-023-03981-1

Anderson, T., Sharma, S., Kelberman, M. A., Ware, C., Guo, N. X_, Qin, Z. H., . .
. Parent, M. B. (2023). Obesity during preclinical Alzheimer's disease
development exacerbates brain metabolic decline. Journal of Neurochemistry.
https://doi.org/10.1111/jnc.15900

Andrew, N., Pirbhai, A., Moffat, D., Rajapaksa, S., Wormald, P. J., Reid, M.,
Selva, D. (2013). Mucus extravasation into the orbit during frontal sinus

irrigation. Ophthalmic Plastic and Reconstructive Surgery, 29(1), E29-E31.
https://doi.org/10.1097/I0P.0b013e3182622874

Araki, K., Meguro, H., Kushiya, E., Takayama, C., Inoue, Y., Mishina, M. (1993).
Selective expression of the glutamate-receptor channel delta-2 subunit in

cerebellar  purkinje-cells.  Biochemical and Biophysical Research
Communications, 197(3), 1267-1276. https://doi.org/10.1006/bbrc.1993.2614

Ardalan, M., Wegener, G., Polsinelli, B., Madsen, T. M., Nyengaard, J. R. (2016).
Neurovascular plasticity of the hippocampus one week after a single dose of

ketamine in genetic rat model of depression. Hippocampus, 26(11), 1414-
1423. https://doi.org/10.1002/hipo.22617

83



References

Arden, G. B., Sivaprasad, S. (2012). The pathogenesis of early retinal changes of
diabetic retinopathy. Documenta Ophthalmologica, 124(1), 15-26.
https://doi.org/10.1007/s10633-011-9305-y

Armstrong, M. J., Litvan, ., Lang, A. E., Bak, T. H., Bhatia, K. P., Borroni, B., .
. Weiner, W.J. (2013). Criteria for the diagnosis of corticobasal
degeneration. Neurology, 80(5), 496-503.
https://doi.org/10.1212/WNL.0b013e31827f0fd 1

Armulik, A., Genove, G., Mae, M., Nisancioglu, M. H., Wallgard, E., Niaudet, C.,
. . . Betsholtz, C. (2010). Pericytes regulate the blood-brain barrier. Nature,
468(7323), 557-U231. https://doi.org/10.1038/nature09522

Aumailley, M., Bruckner-Tuderman, L., Carter, W. G., Deutzmann, R., Edgar, D.,
Ekblom, P., ... Yurchenco, P. D. (2005). A simplified laminin nomenclature.
Matrix Biology, 24(5), 326-332. https://doi.org/10.1016/j.matbio.2005.05.006

Ausprunk, D. H., Folkman, J. (1977). Migration and proliferation of endothelial
cells in preformed and newly formed blood-vessels during tumor

angiogenesis. Microvascular Research, 14(1), 53-65.
https://doi.org/10.1016/0026-2862(77)90141-8

Babuska, V., Houdek, Z., Tuma, J., Purkartova, Z., Tumova, J., Kralickova, M., .
. Cendelin, J. (2015). Transplantation of embryonic cerebellar grafts

improves gait parameters in ataxic lurcher mice. Cerebellum, 14(6), 632-641.
https://doi.org/10.1007/s12311-015-0656-x

Bahrami, B., Shen, W. Y., Zhu, L., Zhang, T., Chang, A., Gillies, M. C. (2019).
Effects of VEGF inhibitors on human retinal pigment epithelium under high

glucose and hypoxia. Clinical and Experimental Ophthalmology, 47(8), 1074-
1081. https://doi.org/10.1111/ceo0.13579

Bailey, T. L., Rivara, C. B., Rocher, A. B., Hof, P. R. (2004). The nature and
effects of cortical microvascular pathology in aging and Alzheimer's disease.
Neurological Research, 26(5), 573-578.
https://doi.org/10.1179/016164104225016272

Ballabh, P., Braun, A., Nedergaard, M. (2004). The blood-brain barrier: an
overview - Structure, regulation, and clinical implications. Neurobiology of
Disease, 16(1), 1-13. https://doi.org/10.1016/j.nbd.2003.12.016

Baltanas, F. C., Berciano, M. T., Valero, J., Gomez, C., Diaz, D., Alonso, J.R., ..
. Weruaga, E. (2013). Differential glial activation during the degeneration of
Purkinje cells and mitral cells in the PCD mutant mice. Glia, 61(2), 254-272.
https://doi.org/10.1002/glia.22431

84



References

Baltanas, F. C., Casafont, 1., Lafarga, V., Weruaga, E., Alonso, J. R., Berciano, M.
T., Lafarga, M. (2011). Purkinje cell degeneration in pcd mice reveals large
scale chromatin reorganization and gene silencing linked to defective DNA
repair. Journal of Biological Chemistry, 286(32), 28287-28302.
https://doi.org/10.1074/jbc.M111.246041

Baruch, K., Schwartz, M. (2013). CNS-specific T cells shape brain function via
the choroid plexus. Brain Behavior and Immunity, 34, 11-16.
https://doi.org/10.1016/j.bbi.2013.04.002

Baumann, O., Borra, R. J., Bower, J. M., Cullen, K. E., Habas, C., Ivry, R.B., . ..
Sokolov, A. A. (2015). Consensus paper: The role of the cerebellum in

perceptual processes. Cerebellum, 14(2), 197-220.
https://doi.org/10.1007/s12311-014-0627-7

Bazzoni, G., Dejana, E. (2004). Endothelial cell-to-cell junctions: Molecular
organization and role in vascular homeostasis. Physiological Reviews, 84(3),
869-901. https://doi.org/10.1152/physrev.00035.2003

Bechmann, I., Mor, G., Nilsen, J., Eliza, R., Nitsch, R., Naftolin, F. (1999). FasL
(CD95L, ApolL) is expressed in the normal rat and human brain: Evidence
for the existence of an immunological brain barrier. Glia, 27(1), 62-74.
https://doi.org/10.1002/(sici)1098-1136(199907)27:1<62::aid-glia7>3.0.co;2-s

Bell, R. D., Winkler, E. A., Sagare, A. P., Singh, 1., LaRue, B., Deane, R.,
Zlokovic, B. V. (2010). Pericytes control key neurovascular functions and
neuronal phenotype in the adult brain and during brain aging. Neuron, 68(3),
409-427. https://doi.org/10.1016/j.neuron.2010.09.043

Bell, R. D., Winkler, E. A., Singh, I., Sagare, A. P., Deane, R., Wu, Z. H., . ..
Zlokovic, B. V. (2012). Apolipoprotein E controls cerebrovascular integrity
via cyclophilin A. Nature, 485(7399), 512-516.
https://doi.org/10.1038/nature11087

Bell, R. D., Zlokovic, B. V. (2009). Neurovascular mechanisms and blood-brain
barrier disorder in Alzheimer's disease. Acta Neuropathologica, 118(1), 103-
113. https://doi.org/10.1007/s00401-009-0522-3

Bergers, G., Song, S. (2005). The role of pericytes in blood-vessel formation and
maintenance. Neuro Oncology, 7(4), 452-464.
https://doi.org/10.1215/S1152851705000232

Berselli, A., Benfenati, F., Maragliano, L., Alberini, G. (2022). Multiscale
modelling of claudin-based assemblies: A magnifying glass for novel
structures of biological interfaces. Computational and Structural

85



References

Biotechnology Journal, 20, 5984-6010.
https://doi.org/10.1016/j.csbj.2022.10.0382001-0370

Bertram, L., Tanzi, R. E. (2008). Thirty years of Alzheimer's disease genetics: the
implications of systematic meta-analyses. Nature Reviews Neuroscience,
9(10), 768-778. https://doi.org/10.1038/nrn2494

Birdsill, A. C., Carlsson, C. M., Willette, A. A., Okonkwo, O. C., Johnson, S. C.,
Xu, G. F., ... Bendlin, B. B. (2013). Low cerebral blood flow is associated
with lower memory function in metabolic syndrome. Obesity, 21(7), 1313-
1320. https://doi.org/10.1002/0by.20170

Black, S., Gao, F. Q., Bilbao, J. (2009). Understanding white matter disease
imaging-pathological correlations in vascular cognitive impairment. Stroke,
40(3), S48-S52. https://doi.org/10.1161/strokeaha.108.537704

Blanks, J. C., Mullen, R. J., LaVail, M. M. (1982). Retinal degeneration in the pcd
cerebellar mutant mouse. II. Electron microscopic analysis. Journal of
Comparative Neurology, 212(3), 231-246.
https://doi.org/10.1002/cne.902120303

Blanks, J. C., Spee, C. (1992). Retinal degeneration in the pcd/pcd mutant mouse:
accumulation of spherules in the interphotoreceptor space. Experimental Eye
Research, 54(5), 637-644. https://doi.org/10.1016/0014-4835(92)90019-0

Blevins, B. L., Vinters, H. V., Love, S., Wilcock, D. M., Grinberg, L. T.,
Schneider, J. A., . . . Nelson, P. T. (2021). Brain arteriolosclerosis. Acta
Neuropathologica, 141(1), 1-24. https://doi.org/10.1007/s00401-020-02235-6

Blinder, P., Tsai, P. S., Kaufhold, J. P., Knutsen, P. M., Suhl, H., Kleinfeld, D.
(2013). The cortical angiome: an interconnected vascular network with
noncolumnar patterns of blood flow. Nature Neuroscience, 16(7), 889-U150.
https://doi.org/10.1038/nn.3426

Bonkowski, D., Katyshev, V., Balabanov, R. D., Borisov, A., Dore-Duffy, P.
(2011). The CNS microvascular pericyte: pericyte-astrocyte crosstalk in the
regulation of tissue survival. Fluids and Barriers of the CNS, 8, Article 8.
https://doi.org/10.1186/2045-8118-8-8

Borowsky, I. W., Collins, R. C. (1989). Metabolic anatomy of brain - a comparison
of regional capillary density, glucose-metabolism, and enzyme-activities.
Journal of Comparative Neurology, 288(3), 401-413.
https://doi.org/10.1002/cne.902880304

86



References

Bouras, C., Kovari, E., Herrmann, F. R., Rivara, C. B., Bailey, T. L.,
von Gunten, A., . . . Giannakopoulos, P. (2006). Stereologic analysis of
microvascular morphology in the elderly: Alzheimer disease pathology and

cognitive status. Journal of Neuropathology and Experimental Neurology,
65(3), 235-244. https://doi.org/10.1097/01.jnen.0000203077.53080.2¢

Bowler, J. V. (2007). Modern concept of vascular cognitive impairment. British
Medical Bulletin, 83(1), 291-305. https://doi.org/10.1093/bmb/ldm021

Bradaric, B. D., Patel, A., Schneider, J. A., Carvey, P. M., Hendey, B. (2012).
Evidence for angiogenesis in Parkinson's disease, incidental Lewy body
disease, and progressive supranuclear palsy. Journal of Neural Transmission,
119(1), 59-71. https://doi.org/10.1007/s00702-011-0684-8

Brady, R. O., Kanfer, J. N., Mock, M. B., Fredrickson, D. S. (1966). The
metabolism of sphingomyelin. II. Evidence of an enzymatic deficiency in

Niemann-Pick diseae. Proceedings of the National Academy of Sciences,
55(2), 366-369. https://doi.org/10.1073/pnas.55.2.366

Braendgaard, H., Gundersen, H. J. G. (1986). The impact of recent stereological
advances on quantitative studies of the nervous-system. Journal of
Neuroscience Methods, 18(1-2), 39-78.
https://doi.org/10.1016/0165-0270(86)90112-3

Brill, A., Fuchs, T. A., Chauhan, A. K., Yang, J. J., De Meyer, S. F., Kollnberger,
M., . . . Wagner, D. D. (2011). von Willebrand factor-mediated platelet
adhesion is critical for deep vein thrombosis in mouse models. Blood, 117(4),
1400-1407. https://doi.org/10.1182/blood-2010-]05-287623

Brown, W. R., Moody, D. M., Thore, C. R., Challa, V. R., Anstrom, J. A. (2007).
Vascular dementia in leukoaraiosis may be a consequence of capillary loss not
only in the lesions, but in normal-appearing white matter and cortex as well.
Journal of the Neurological Sciences, 257(1-2), 62-66.
https://doi.org/10.1016/5.jns.2007.01.015

Brown, W. R., Thore, C. R. (2011). Cerebral microvascular pathology in ageing
and neurodegeneration. Neuropathology and Applied Neurobiology, 37(1),
56-74. https://doi.org/10.1111/1.1365-2990.2010.01139.x

Burdach, K. F. (1826). Vom baue und Leben des Gehirns (Vol. 3). Dyk.

Burger, 1. M., Siclari, F., Gregg, L., Gailloud, P. (2007). Bilateral segmental
agenesis of the vertebrobasilar junction: developmental and angiographic
anatomy. American Journal of Neuroradiology, 28(10), 2017-2022.
https://doi.org/10.3174/ajnr.A0719

87



References

Butts, T., Green, M. J., Wingate, R. J. T. (2014). Development of the cerebellum:
simple steps to make a 'little brain'. Development, 141(21), 4031-4041.
https://doi.org/10.1242/dev.106559

Caddy, K. W., Biscoe, T. J. (1979). Structural and quantitative studies on the
normal C3H and Lurcher mutant mouse. Philosophical transactions of the
Royal Society of London. Series B, Biological sciences, 287(1020), 167-201.
https://doi.org/10.1098/rstb.1979.0055

Caduft, J. H., Fischer, L. C., Burri, P. H. (1986). Scanning electron-microscope
study of the developing microvasculature in the postnatal rat lung. Anatomical
Record, 216(2), 154-164. https://doi.org/10.1002/ar.1092160207

Caplan, B. A., Gerrity, R. G., Schwartz, C. J. (1974). Endothelial cell morphology
in focal areas of invivo evans-blue uptake in young pig aorta .1. quantitative

light microscopic findings. Experimental and Molecular Pathology, 21(1),
102-117. https://doi.org/10.1016/0014-4800(74)90082-3

Carmeliet, P. (2005). Angiogenesis in life, disease and medicine. Nature,
438(7070), 932-936. https://doi.org/10.1038/nature04478

Caruso, P., Signori, R., Moretti, R. (2019). Small vessel disease to subcortical
dementia: a dynamic model, which interfaces aging, cholinergic dysregulation
and the neurovascular unit. Vascular Health and Risk Management, 15, 259-
281. https://doi.org/10.2147/vhrm.s190470

Cassot, F., Lauwers, F., Fouard, C., Prohaska, S., Lauwers-Cances, V. (2006). A
novel three-dimensional computer-assisted method for a quantitative study of
microvascular networks of the human cerebral cortex. Microcirculation,
13(1), 1-18. https://doi.org/10.1080/10739680500383407

Castrogiovanni, P., Sanfilippo, C., Imbesi, R., Maugeri, G., Lo Furno, D.,
Tibullo, D, . . . Di Rosa, M. (2021). Brain CHID1 expression correlates with
NRGN and CALBI in healthy subjects and AD patients. Cells, 10(4), Article
882. https://doi.org/10.3390/cells10040882

Cauli, B., Hamel, E. (2010). Revisiting the role of neurons in neurovascular
coupling. Frontiers in Neuroenergetics, 2, 1661.
https://doi.org/10.3389/fhene.2010.00009

Cavallaro, G., Filippi, L., Bagnoli, P., La Marca, G., Cristofori, G., Raffaeli, G., .
.. Mosca, F. (2014). The pathophysiology of retinopathy of prematurity: an
update of previous and recent knowledge. Acta Ophthalmologica, 92(1), 2-20.
https://doi.org/10.1111/a0s.12049

88



References

Cavero, 1., Guillon, J. M., Holzgrefe, H. H. (2017). Reminiscing about Jan
Evangelista Purkinje: a pioneer of modern experimental physiology. Advances
in Physiology Education, 41(4), 528-538.
https://doi.org/10.1152/advan.00068.2017

Cendelin, J. (2014). From mice to men: lessons from mutant ataxic mice.
Cerebellum Ataxias, 1, 4. https://doi.org/10.1186/2053-8871-1-4

Cendelin, J. (2016). Experimental neurotransplantation treatment for hereditary
cerebellar ataxias. Cerebellum Ataxias, 3, 7.
https://doi.org/10.1186/s40673-016-0045-3

Cendelin, J., Babuska, V., Korelusova, I., Houdek, Z., Vozeh, F. (2012). Long-
term survival of solid embryonic cerebellar grafts in Lurcher mice.
Neuroscience Letters, 515(1), 23-27.
https://doi.org/10.1016/j.neulet.2012.03.007

Cendelin, J., Cvetanovic, M., Gandelman, M., Hirai, H., Orr, H. T., Pulst, S. M., .
.. Manto, M. (2022). Consensus paper: strengths and weaknesses of animal

models of spinocerebellar ataxias and their clinical implications. Cerebellum,
21(3), 452-481. https://doi.org/10.1007/s12311-021-01311-1

Cendelin, J., Purkartova, Z., Kubik, J., Ulbricht, E., Tichanek, F., Kolinko, Y.
(2018). Long-term development of embryonic cerebellar grafts in two strains
of lurcher mice. Cerebellum, 17(4), 428-437.
https://doi.org/10.1007/s12311-018-0928-3

Cendelin, J., Tuma, J., Korelusova, 1., Vozeh, F. (2014). The effect of genetic
background on behavioral manifestation of Grid2(Lc) mutation. Behavioural
Brain Research, 271, 218-227. https://doi.org/10.1016/j.bbr.2014.06.023

Cendelin, J., Korelusova, I., Vozeh, F. (2006). Comparison of embryonic
cerebellar graft survival in adult Lurcher mutant mice of strains C3H and
C57Bl/7. Prague Medical Report, 107(1), 89-94.

Chakrabarti, L., Eng, J., Ivanov, N., Garden, G. A., La Spada, A. R. (2009).
Autophagy activation and enhanced mitophagy characterize the Purkinje cells
of pcd mice prior to neuronal death. Molecular Brain, (2), 24.
https://doi.org/10.1186/1756-6606-2-24

Charidimou, A., Gang, Q., Werring, D. J. (2012). Sporadic cerebral amyloid
angiopathy revisited: recent insights into pathophysiology and clinical

spectrum. Journal of Neurology Neurosurgery and Psychiatry, 83(2), 124-
137. https://doi.org/10.1136/jnnp-2011-301308

89



References

Charidimou, A., Gang, Q., Werring, D. J. (2018). Sporadic cerebral amyloid
angiopathy revisited: recent insights into pathophysiology and clinical

spectrum. Journal of Neurology, Neurosurgery, and Psychiatry, 83(2), 124-
137. https://doi.org/10.1136/jnnp-2011-301308

Chen, B., Cheng, Q., Yang, K., Lyden, P. D. (2010). Thrombin Mediates Severe
Neurovascular Injury During Ischemia. Stroke, 41(10), 2348-2352.
https://doi.org/10.1161/strokeaha.110.584920

Chen, F., Ardalan, M., Elfving, B., Wegener, G., Madsen, T. M., Nyengaard, J. R.
(2018). Mitochondria are critical for BDNF-mediated synaptic and vascular
plasticity of Hippocampus following repeated electroconvulsive seizures.
International Journal of Neuropsychopharmacology, 21(3), 291-304.
https://doi.org/10.1093/ijnp/pyx115

Chen, J. J., Salat, D. H., Rosas, H. D. (2012). Complex relationships between
cerebral blood flow and brain atrophy in early Huntington's disease.
Neuroimage, 59(2), 1043-1051.
https://doi.org/10.1016/j.neuroimage.2011.08.112

Chen, Z. L., Strickland, S. (1997). Neuronal death in the hippocampus is promoted
by plasmin-catalyzed degradation of laminin. Cel/, 91(7), 917-925.
https://doi.org/10.1016/s0092-8674(00)80483-3

Chena, X. D., Patra, A., Sadowska, G. B., Stonestreet, B. S. (2018). Ischemic-
reperfusion injury increases matrix metalloproteinases and tissue
metalloproteinase inhibitors in fetal sheep brain. Developmental
Neuroscience, 40(3), 234-245. https://doi.org/10.1159/000489700

Cheng, S. S. W., Heintz, N. (1997). Massive loss of mid- and hindbrain neurons
during embryonic development of homozygous lurcher mice. Journal of
Neuroscience, 17(7), 2400-2407.
https://doi.org/10.1523/jneurosci.17-07-02400.1997

Chojdak-Lukasiewicz, J., Dziadkowiak, E., Zimny, A., Paradowski, B. (2021).
Cerebral small vessel disease: A review. Advances in Clinical and
Experimental Medicine, 30(3), 349-356.
https://doi.org/10.17219/acem/131216

Chow, S.-C., Shao, J., Wang, H., Lokhnygina, Y. (2017). Sample size calculations
in clinical research. CRC press.

Chung, K. K., Anderson, N. E., Hutchinson, D., Synek, B., Barber, P. A. (2011).
Cerebral amyloid angiopathy related inflammation: three case reports and a

90



References

review. Journal of Neurology Neurosurgery and Psychiatry, 82(1), 20-26.
https://doi.org/10.1136/jnnp.2009.204180

Cisbani, G., Freeman, T. B., Soulet, D., Saint-Pierre, M., Gagnon, D., Parent, M.,
. . . Cicchetti, F. (2013). Striatal allografts in patients with Huntington's
disease: impact of diminished astrocytes and vascularization on graft viability.
Brain, 136, 433-443. https://doi.org/10.1093/brain/aws359

Claesson-Welsh, L., Welsh, M. (2013). VEGFA and tumour angiogenesis.
Journal of Internal Medicine, 273(2), 114-127.
https://doi.org/10.1111/joim.12019

Clark, E. R., Clark, E. L. (1940). Microscopic observations on the extra-
endothelial cells of living mammalian blood vessels. American Journal of
Anatomy, 66(1), 1-49.

Cohen, R. M., Rezai-Zadeh, K., Weitz, T. M., Rentsendorj, A., Gate, D.,
Spivak, L., . .. Town, T. (2013). A transgenic Alzheimer rat with plaques, tau
pathology, behavioral impairment, oligomeric A beta, and frank neuronal loss.
Journal of Neuroscience, 33(15), 6245-6256.
https://doi.org/10.1523/jneurosci.3672-12.2013

Colotti, G., Failla, C. M., Lacal, P. M., Ungarelli, M., Ruffini, F., Di Micco, P., ..
. Morea, V. (2022). Neuropilin-1 is required for endothelial cell adhesion to
soluble vascular endothelial growth factor receptor 1. FEBS Journal, 289(1),
183-198. https://doi.org/10.1111/febs.16119

Corbett, N. J., Gabbott, P. L., Klementiev, B., Davies, H. A., Colyer, F. M.,
Novikova, T., Stewart, M. G. (2013). Amyloid-beta induced CA1 pyramidal
cell loss in young adult rats is alleviated by systemic treatment with FGL, a
neural cell adhesion molecule-derived mimetic peptide. Public Library of
Science One, §(8), €71479. https://doi.org/10.1371/journal.pone.0071479

Coyle, P. (1976). Vascular patterns of rat hippocampal formation. Experimental
Neurology, 52(3), 447-458. https://doi.org/10.1016/0014-4886(76)90216-8

Craft, S. (2009). The Role of Metabolic Disorders in Alzheimer Disease and
Vascular Dementia Two Roads Converged. Archives of Neurology, 66(3),
300-305. https://doi.org/10.1001/archneurol.2009.27

Craggs, L. J. L., Fenwick, R., Oakley, A. E., Ihara, M., Kalaria, R. N. (2015).
Immunolocalization of platelet-derived growth factor receptor- (PDGFR-) and
pericytes in cerebral autosomal dominant arteriopathy with subcortical infarcts
and leukoencephalopathy (CADASIL). Neuropathology and Applied
Neurobiology, 41(4), 557-570. https://doi.org/10.1111/nan.12188

91



References

Critchley, M. (1929). Critical Review: The nature and significance of senile
plaques. J Neurol Psychopathol, 10(38), 124-139.
https://doi.org/10.1136/jnnp.s1-10.38.124

Cucullo, L., Hossain, M., Puvenna, V., Marchi, N., Janigro, D. (2011). The role of
shear stress in Blood-Brain Barrier endothelial physiology. Bmc Neuroscience,
12, Article 40. https://doi.org/10.1186/1471-2202-12-40

Cvetanovic, M., Hu, Y. S., Opal, P. (2017). Mutant Ataxin-1 inhibits neural
progenitor cell proliferation in SCA1. Cerebellum, 16(2), 340-347.
https://doi.org/10.1007/s12311-016-0794-9

Dalkara, T., Alarcon-Martinez, L. (2015). Cerebral microvascular pericytes and
neurogliovascular signaling in health and disease. Brain Research, 1623, 3-17.
https://doi.org/10.1016/j.brainres.2015.03.047

Dalkara, T., Gursoy-Ozdemir, Y., Yemisci, M. (2011). Brain microvascular
pericytes in health and disease. Acta Neuropathologica, 122(1), 1-9.
https://doi.org/10.1007/s00401-011-0847-6

Das, A. S., Regenhardt, R. W., Vernooij, M. W., Blacker, D., Charidimou, A.,
Viswanathan, A. (2019). Asymptomatic cerebral small vessel disease: insights
from population-based studies. Jouwrnal of Stroke, 21(2), 121-138.
https://doi.org/10.5853/j0s.2018.03608

Davis, H. R., Hoos, L. M., Tetzloff, G., Maguire, M., Zhu, L. J., Graziano, M. P.,
Altmann, S. W. (2007). Deficiency of Niemann-Pick C1 like 1 prevents
atherosclerosis in ApoE(-/-) mice. Arteriosclerosis Thrombosis and Vascular
Biology, 27(4), 841-849.
https://doi.org/10.1161/01.atv.0000257627.40486.46

de la Torre, J. C., Stefano, G. B. (2000). Evidence that Alzheimer's disease is a
microvascular disorder: the role of constitutive nitric oxide. Brain Research
Reviews, 34(3), 119-136. https://doi.org/10.1016/s0165-0173(00)00043-6

de Lau, L. M. L., Breteler, M. M. B. (2006). Epidemiology of Parkinson's disease.
Lancet Neurology, 5(6), 525-535.
https://doi.org/10.1016/s1474-4422(06)70471-9

De Reuck, J. L. (2012). Histopathological stainings and definitions of vascular
disruptions in the elderly brain. Experimental Gerontology, 47(11), 834-837.
https://doi.org/10.1016/j.exger.2012.03.012

de Wit, N. M., Snkhchyan, H., den Hoedt, S., Wattimena, D., de Vos, R,
Mulder, M. T., . . . de Vries, H. E. (2017). Altered sphingolipid balance in

92



References

capillary cerebral amyloid angiopathy. Journal of Alzheimer's Disease, 60(3),
795-807. https://doi.org/10.3233/JAD-160551

Deckel, A. W., Cohen, D., Duckrow, R. (1998). Cerebral blood flow velocity
decreases during cognitive stimulation in Huntington's disease. Neurology,
51(6), 1576-1583. https://doi.org/10.1212/wnl.51.6.1576

Dejana, E. (2004). Endothelial cell-cell junctions: Happy together. Nature Reviews
Molecular Cell Biology, 5(4), 261-270. https://doi.org/10.1038/nrm1357

del Pilar, C., Lebron-Galan, R., Perez-Martin, E., Perez-Revuelta, L., Avila-
Zarza, C. A., Alonso, J. R., ... Diaz, D. (2021). The selective loss of Purkinje

cells induces specific peripheral immune alterations. Frontiers in Cellular
Neuroscience, 15, Article 773696. https://doi.org/10.3389/fncel.2021.773696

Delion, M., Dinomais, M., Mercier, P. (2017). Arteries and veins of the
cerebellum. Cerebellum, 16(5-6), 880-912.
https://doi.org/10.1007/s12311-016-0828-3

DelleDonne, A., Klos, K. J., Fujishiro, H., Ahmed, Z., Parisi, J. E., Josephs, K. A.,
. . . Dickson, D. W. (2008). Incidental Lewy body disease and preclinical
Parkinson disease. Archives of Neurology, 65(8), 1074-1080.
https://doi.org/10.1001/archneur.65.8.1074

Desai, B. S., Schneider, J. A., Li,J. L., Carvey, P. M., Hendey, B. (2009). Evidence
of angiogenic vessels in Alzheimer's disease. Journal of Neural Transmission,
116(5), 587-597. https://doi.org/10.1007/s00702-009-0226-9

Desclin, J. C. (1974). Histological evidence supporting the inferior olive as the
major source of cerebellar climbing fibers in the rat. Brain Res, 77(3), 365-
384. https://doi.org/10.1016/0006-8993(74)90628-3

DeSesso, J. M. (2017). Vascular ontogeny within selected thoracoabdominal
organs and the limbs. Reprod Toxicol, 70, 3-20.
https://doi.org/10.1016/j.reprotox.2016.10.007

Di Marco, L. Y., Farkas, E., Martin, C., Venneri, A., Frangi, A. F. (2015). Is
vasomotion in cerebral arteries impaired in Alzheimer's disease? Journal of
Alzheimer’s Disease, 46(1), 35-53. https://doi.org/10.3233/JAD-142976

Ding, Y., Li, J., Luan, X., Ding, Y. H., Lai, Q., Rafols, J. A., ... Diaz, F. G. (2004).
Exercise pre-conditioning reduces brain damage in ischemic rats that may be
associated with regional angiogenesis and cellular overexpression of
neurotrophin. Neuroscience, 124(3), 583-591.
https://doi.org/10.1016/j.neuroscience.2003.12.029

93



References

Ding, Y. H., Ding, Y. C., Li, J., Bessert, D. A., Rafols, J. A. (2006). Exercise pre-
conditioning strengthens brain microvascular integrity in a rat stroke model.
Neurological Research, 28(2), 184-189.
https://doi.org/10.1179/016164106x98053

Ding, Y. H., Li, J., Zhou, Y. D., Rafols, J. A., Clark, J. C., Ding, Y. C. (2006).
Cerebral angiogenesis and expression of angiogenic factors in aging rats after
exercise. Current Neurovascular Research, 3(1), 15-23.
https://doi.org/10.2174/156720206775541787

Ding, Y. H., Luan, X. D., Li, J., Rafols, J. A., Guthinkonda, M., Diaz, F. G.,
Ding, Y. (2004). Exercise-induced overexpression of angiogenic factors and

reduction of ischemia/reperfusion injury in stroke. Current Neurovascular
Research, 1(5), 411-420. https://doi.org/10.2174/1567202043361875

Distler, J. H., Hirth, A., Kurowska-Stolarska, M., Gay, R. E., Gay, S., Distler, O.
(2003). Angiogenic and angiostatic factors in the molecular control of
angiogenesis. Quarterly Journal of Nuclear Medicine, 47(3), 149-161.

Doughty, M. L., De Jager, P. L., Korsmeyer, S. J., Heintz, N. (2000).
Neurodegeneration in Lurcher mice occurs via multiple cell death pathways.
Journal of Neuroscience, 20(10), 3687-3694.
https://doi.org/10.1523/INEUROSCI.20-10-03687.2000

Doyle, K. P., Buckwalter, M. S. (2020). Immunological mechanisms in poststroke
dementia. Current Opinion in Neurology, 33(1), 30-36.
https://doi.org/10.1097/wco0.0000000000000783

Drake, C. T., ladecola, C. (2007). The role of neuronal signaling in controlling
cerebral blood flow. Brain and Language, 102(2), 141-152.
https://doi.org/10.1016/j.band]l.2006.08.002

Dum, R. P., Li, C., Strick, P. L. (2002). Motor and nonmotor domains in the
monkey dentate. Crebellum: Recent Developments in Cerebellar Research,
978, 289-301. https://doi.org/10.1111/5.1749-6632.2002.tb07575.x

Duncombe, J., Lennen, R. J., Jansen, M. A., Marshall, 1., Wardlaw, J. M.,
Horsburgh, K. (2017). Ageing causes prominent neurovascular dysfunction
associated with loss of astrocytic contacts and gliosis. Neuropathology and
Applied Neurobiology, 43(6), 477-491. https://doi.org/10.1111/nan.12375

Duran-Vilaregut, J., del Valle, J., Manich, G., Camins, A., Pallas, M.,
Vilaplana, J., Pelegri, C. (2011). Role of matrix metalloproteinase-9 (MMP-9)
in striatal blood-brain barrier disruption in a 3-nitropropionic acid model of

94



References

Huntington's disease. Neuropathology and Applied Neurobiology, 37(5), 525-
537. https://doi.org/10.1111/1.1365-2990.2010.01157.x

Duvernoy, H., Delon, S., Vannson, J. L. (1983). The vascularization of the human
cerebellar cortex. Brain Research Bulletin, 11(4), 419-480.
https://doi.org/10.1016/0361-9230(83)90116-8

Dziewulska, D., Lewandowska, E. (2012). Pericytes as a new target for
pathological processes in CADASIL. Neuropathology, 32(5), 515-521.
https://doi.org/10.1111/1.1440-1789.2011.01290.x

Eccles, J. C. (2013). The cerebellum as a neuronal machine. Springer Science
Business Media.

Egea, J., Klein, R. (2007). Bidirectional Eph-ephrin signaling during axon
guidance. Trends in Cell Biology, 17(5), 230-238.
https://doi.org/10.1016/j.tcb.2007.03.004

Eilken, H. M., Adams, R. H. (2010). Dynamics of endothelial cell behavior in
sprouting angiogenesis. Current Opinion in Cell Biology, 22(5), 617-625.
https://doi.org/10.1016/j.ceb.2010.08.010

Ellis, R. J., Olichney, J. M., Thal, L. J., Mirra, S. S., Morris, J. C., Beekly, D.,
Heyman, A. (1996). Cerebral amyloid angiopathy in the brains of patients with
Alzheimer's disease: the CERAD experience, Part XV. Neurology, 46(6),
1592-1596.

Emerich, D. F., Skinner, S. J. M., Borlongan, C. V., Vasconcellos, A. V.,
Thanos, C. G. (2005). The choroid plexus in the rise, fall and repair of the
brain. Bioessays, 27(3), 262-274. https://doi.org/10.1002/bies.20193

Eming, S. A., Brachvogel, B., Odorisio, T., Koch, M. (2007). Regulation of
angiogenesis: Wound healing as a model. Progress in Histochemistry and
Cytochemistry, 42(3), 115-170. https://doi.org/10.1016/j.proghi.2007.06.001

Enzinger, C., Thimary, F., Kapeller, P., Ropele, S., Schmidt, R., Ebner, F.,
Fazekas, F. (2008). Transient global amnesia - Diffusion-weighted imaging

lesions and cerebrovascular disease. Stroke, 39(8), 2219-2225.
https://doi.org/10.1161/strokeaha.107.508655

Erdem, A., Yasargil, M. G., Roth, P. (1993). Microsurgical anatomy of the
hippocampal arteries. Journal of Neurosurgery, 79(2), 256-265.
https://doi.org/10.3171/jns.1993.79.2.0256

95



References

Evans, M. C., Couch, Y., Sibson, N., Turner, M. R. (2013). Inflammation and
neurovascular changes in amyotrophic lateral sclerosis. Molecular and
Cellular Neuroscience, 53, 34-41. https://doi.org/10.1016/;.mcn.2012.10.008

Eyden, B. (2005). The myofibroblast: a study of normal, reactive and neoplastic
tissues, with an emphasis on ultrastructure. Part 1--normal and reactive cells.
Journal of Submicroscopic Cytology and Pathology, 37(2), 109-204.

Fahn, S. (2003). Description of Parkinson's disease as a clinical syndrome.
Parkinson's Disease: the Life Cycle of the Dopamine Neuron, 991, 1-14.
https://doi.org/10.1111/j.1749-6632.2003.tb07458.x

Falcao, A. M., Marques, F., Novais, A., Sousa, N., Palha, J. A., Sousa, J. C. (2012).
The path from the choroid plexus to the subventricular zone: go with the flow!

Frontiers in Cellular Neuroscience, 6, Article 34.
https://doi.org/10.3389/fncel.2012.00034

Farkas, E., Luiten, P. G. M. (2001). Cerebral microvascular pathology in aging
and Alzheimer's disease. Progress in Neurobiology, 64(6), 575-611.
https://doi.org/10.1016/s0301-0082(00)00068-x

Feng, D., Nagy, J. A., Pyne, K., Dvorak, H. F., Dvorak, A. M. (1998). Platelets
exit venules by a transcellular pathway at sites of F-Met peptide-induced acute
inflammation in guinea pigs. International Archives of Allergy and
Immunology, 116(3), 188-195. https://doi.org/10.1159/000023944

Ferguson, J. E., Kelley, R. W., Patterson, C. (2005). Mechanisms of endothelial
differentiation in embryonic vasculogenesis. Arteriosclerosis Thrombosis and
Vascular Biology, 25(11), 2246-2254.
https://doi.org/10.1161/01.atv.0000183609.55154.44

Fernandez-Gonzalez, A., La Spada, A. R., Treadaway, J., Higdon, J. C.,
Harris, B. S., Sidman, R. L., . . . Zuo, J. (2002). Purkinje cell degeneration
(pcd) phenotypes caused by mutations in the axotomy-induced gene, Nnal.
Science, 295(5561), 1904-1906. https://doi.org/ 10.1126/science.1068912

Fernandez-Klett, F., Brandt, L., Fernandez-Zapata, C., Abuelnor, B.,
Middeldorp, J., Sluijs, J. A., . . . Priller, J. (2020). Denser brain capillary
network with preserved pericytes in Alzheimer's disease. Brain Pathology,
30(6), 1071-1086. https://doi.org/10.1111/bpa.12897

Fillit, H., Nash, D. T., Rundek, T., Zuckerman, A. (2008). Cardiovascular risk
factors and dementia. American Journal of Geriatric Pharmacotherapy, 6(2),
100-118. https://doi.org/10.1016/j.amjopharm.2008.06.004

96



References

Fisher, M. (2009). Pericyte signaling in the neurovascular unit. Stroke, 40(3), S13-
S15. https://doi.org/10.1161/strokeaha.108.533117

Fitting, S., Booze, R. M., Hasselrot, U., Mactutus, C. F. (2010). Dose-dependent
long-term effects of Tat in the rat hippocampal formation: a design-based
stereological study. Hippocampus, 20(4), 469-480.
https://doi.org/10.1002/hipo.20648

Fonseca, A., Ferreiro, E., Oliveira, C. R., Cardoso, S. M., Pereira, C. F. (2013).
Activation of the endoplasmic reticulum stress response by the amyloid-beta
1-40 peptide in brain endothelial cells. Biochimica Et Biophysica Acta-
Molecular Basis of Disease, 1832(12), 2191-2203.
https://doi.org/10.1016/j.bbadis.2013.08.007

Fonseca, M. B., Sol4, S., Xavier, J. M., Dionisio, P. A., Rodrigues, C. M. (2013).
Amyloid B peptides promote autophagy-dependent differentiation of mouse

neural stem cells: Ap-mediated neural differentiation. Molecular
Neurobiology, 48(3), 829-840. https://doi.org/ 10.1007/s12035-013-8471-1]

Fortier, P. A., Smith, A. M., Rossignol, S. (1987). Locomotor deficits in the
mutant mouse, Lurcher. Experimental Brain Research, 66(2), 271-286.
https://doi.org/10.1007/bf00243304

Franciosi, S., Ryu, J. K., Shim, Y., Hill, A., Connolly, C., Hayden, M. R,, . . .
Leavitt, B. R. (2012). Age-dependent neurovascular abnormalities and altered
microglial morphology in the YAC128 mouse model of Huntington disease.
Neurobiology of Disease, 45(1), 438-449.
https://doi.org/10.1016/j.nbd.2011.09.003

Freeman, T. B., Cicchetti, F., Bachoud-Levi, A. C., Dunnett, S. B. (2011).
Technical factors that influence neural transplant safety in Huntington's
disease. Experimental Neurology, 227(1), 1-9.
https://doi.org/10.1016/j.expneurol.2010.08.031

Galea, 1., Bechmann, 1., Perry, V. H. (2007). What is immune privilege (not)?
Trends in Immunology, 28(1), 12-18. https://doi.org/10.1016/].it.2006.11.004

Gama Sosa, M. A., Gasperi, R. D., Rocher, A. B., Wang, A. C., Janssen, W. G.,
Flores, T., . . . Elder, G. A. (2010). Age-related vascular pathology in
transgenic mice expressing presenilin 1-associated familial Alzheimer's

disease mutations. American Journal of Pathology, 176(1), 353-368.
https://doi.org/10.2353/ajpath.2010.090482

Garbuzova-Davis, S., Kurien, C., Haller, E., Eve, D. J., Navarro, S., Steiner, G., .
. . Sanberg, P.R. (2019). Human bone marrow endothelial progenitor cell

97



References

transplantation into symptomatic ALS mice delays disease progression and
increases motor neuron survival by repairing blood-spinal cord barrier.
Scientific Reports, 9, Article 5280.
https://doi.org/10.1038/s41598-019-41747-4

Garbuzova-Davis, S., Rodrigues, M. C. O., Hernandez-Ontiveros, D. G.,
Louis, M. K., Willing, A. E., Borlongan, C. V., Sanberg, P. R. (2011).
Amyotrophic lateral sclerosis: A neurovascular disease. Brain Research, 1398,
113-125. https://doi.org/10.1016/j.brainres.2011.04.049

Geraldes, R., Esiri, M. M., DeLuca, G. C., Palace, J. (2017). Age-related small
vessel disease: a potential contributor to neurodegeneration in multiple
sclerosis. Brain Pathology, 27(6), 707-722. https://doi.org/10.1111/bpa.12460

Gerhardt, H., Golding, M., Fruttiger, M., Ruhrberg, C., Lundkvist, A.,
Abramsson, A., . . . Betsholtz, C. (2003). VEGF guides angiogenic sprouting
utilizing endothelial tip cell filopodia. Journal of Cell Biology, 161(6), 1163-
1177. https://doi.org/10.1083/jcb.200302047

Gertz, K., Kronenberg, G., Uhlemann, R., Prinz, V., Marquina, R., Corada, M., . .
. Endres, M. (2016). Partial loss of VE-cadherin improves long-term outcome
and cerebral blood flow after transient brain ischemia in mice. BMC

Neurology, 16, Article 144. https://doi.org/10.1186/s12883-016-0670-8

Ghanavati, S., Lerch, J. P., Sled, J. G. (2014). Automatic anatomical labeling of
the complete cerebral vasculature in mouse models. Neuroimage, 95, 117-128.
https://doi.org/10.1016/j.neuroimage.2014.03.044

Ghebremedhin, E., Rosenberger, A., Rub, U., Vuksic, M., Berhe, T.,
Bickeboller, H., . . . Deller, T. (2010). Inverse relationship between
cerebrovascular lesions and severity of lewy body pathology in patients with

Lewy Body diseases. Journal of Neuropathology and Experimental
Neurology, 69(5), 442-448. https://doi.org/10.1097/NEN.0Ob013e3181d88e63

Ghetti, B., Norton, J., Triarhou, L. C. (1987). Nerve cell atrophy and loss in the
inferior olivary complex of "Purkinje cell degeneration" mutant mice. Journal
of Comparative Neurology, 260(3), 409-422.
https://doi.org/10.1002/cne.902600307

Ghosh, S. K., Narayan, R. K. (2020). Anatomy of nervous system and emergence
of neuroscience: A chronological journey across centuries. Morphologie,
104(347), 267-279. https://doi.org/10.1016/j.morpho.2020.05.005

Glaser, J., Greene, G., Hendricks, S. (2007). Stereology for biological research:
with a focus on neuroscience. mbf Press.

98



References

Glenner, G. G., Wong, C. W. (1984). Alzheimers-disease - initial report of the
purification and characterization of a novel cerebrovascular amyloid protein.

Biochemical and Biophysical Research Communications, 120(3), 885-890.
https://doi.org/10.1016/s0006-291x(84)80190-4

Glickstein, M., Strata, P., Voogd, J. (2009). Cerebellum: history. Neuroscience,
162(3), 549-559. https://doi.org/10.1016/j.neuroscience.2009.02.054

Glinskii, O. V., Huxley, V. H., Glinskii, V. V., Rubin, L. J., Glinsky, V. V. (2013).
Pulsed estrogen therapy prevents post-OVX porcine dura mater microvascular
network weakening via a PDGF-BB-dependent mechanism. Plos One, 8(12),
Article €82900. https://doi.org/10.1371/journal.pone.0082900

Gobel, U., Theilen, H., Kuschinsky, W. (1990). Congruence of total and perfused
capillary network in rat brains. Circulation Research, 66(2), 271-281.
https://doi.org/10.1161/01.res.66.2.271

Gorelick, P. B., Scuteri, A., Black, S. E., DeCarli, C., Greenberg, S. M.,
Iadecola, C., . . . Council Cardiovasc Surg, A. (2011). Vascular contributions
to cognitive impairment and dementia a statement for healthcare professionals

from the american heart association/american stroke association. Stroke,
42(9), 2672-2713. https://doi.org/10.1161/STR.0b013e¢3182299496

Gouw, A. A., Seewann, A., van der Flier, W. M., Barkhof, F., Rozemuller, A. M.,
Scheltens, P., Geurts, J. J. G. (2011). Heterogeneity of small vessel disease: a
systematic review of MRI and histopathology correlations. Journal of
Neurology  Neurosurgery and  Psychiatry, 82(2), 126-135.
https://doi.org/10.1136/jnnp.2009.204685

Greenberg, D. A., Jin, K. L. (2005). From angiogenesis to neuropathology. Nature,
438(7070), 954-959. https://doi.org/10.1038/nature04481

Greenway, M. J., Andersen, P. M., Russ, C., Ennis, S., Cashman, S., Donaghy, C.,

. . Hardiman, O. (2006). ANG mutations segregate with familial and

'sporadic' amyotrophic lateral sclerosis. Nature Genetics, 38(4), 411-413.
https://doi.org/10.1038/ng1742

Greer, C. A., Shepherd, G. M. (1982). Mitral cell degeneration and sensory
function in the neurological mutant mouse purkinje-cell degeneration (pcd).
Brain Research, 235(1), 156-161.
https://doi.org/10.1016/0006-8993(82)90206-2

Griffin, J. W., Li, C. Y., Ho, T. W,, Tian, M., Gao, C. Y., Xue, P., . . . Asbury, A. K.
(1996). Pathology of the motor-sensory axonal Guillain-Barre syndrome.
Annals of Neurology, 39(1), 17-28. https://doi.org/10.1002/ana.410390105

99



References

Grivas, 1., Michaloudi, H., Batzios, C., Chiotelli, M., Papatheodoropoulos, C.,
Kostopoulos, G., Papadopoulos, G. C. (2003). Vascular network of the rat

hippocampus is not homogeneous along the septotemporal axis. Brain
Research, 971(2), 245-249. https://doi.org/10.1016/s0006-8993(03)02475-2

Guan, J., Pavlovic, D., Dalkie, N., Waldvogel, H. J., O'Carroll, S.J., Green, C. R.,
Nicholson, L. F. B. (2013). Vascular degeneration in Parkinson's disease.
Brain Pathology, 23(2), 154-164.
https://doi.org/10.1111/1.1750-3639.2012.00628.x

Gundersen, H. J. (1986). Stereology of arbitrary particles. A review of unbiased
number andh size estimators and the presentation of some new ones, in
memory of William R. Thompson. Journal of Microscopy, 143(Pt 1), 3-45.

Gundersen, H. J., Boyce, R. W., Nyengaard, J. R., Odgaard, A. (1993). The
Conneulor: unbiased estimation of connectivity using physical disectors under
projection. Bone, 14(3), 217-222.
https://doi.org/10.1016/8756-3282(93)90144-y

Gundersen, H. J., Jensen, E. B., Kiéu, K., Nielsen, J. (1999). The efficiency of
systematic sampling in stereology--reconsidered. Journal of Microscopy,
193(3), 199-211. https://doi.org/10.1046/j.1365-2818.1999.00457.x

Gundersen, H. J. G., Jensen, E. B. (1987). The efficiency of systematic sampling
in stereology and ITS prediction. Journal of Microscopy-Oxford, 147, 229-
263. https://doi.org/10.1111/j.1365-2818.1987.tb02837.x

Gundersen, H. J. G., Osterby, R. (1981). Optimizing sampling efficiency of
stereological studies in biology - or do more less well. Journal of Microscopy,
121, 65-73. https://doi.org/10.1111/j.1365-2818.1981.tb01199.x

Gyengesi, E., Liang, H. Z., Millington, C., Sonego, S., Sirijovski, D.,
Gunawardena, D., . . . Munch, G. (2018). Investigation into the effects of
tenilsetam on markers of neuroinflammation in GFAP-IL6 mice.
Pharmaceutical Research, 35(1), Article 22. https://doi.org/10.1007/s11095-
017-2326-9

Hall, C. N., Reynell, C., Gesslein, B., Hamilton, N. B., Mishra, A., Sutherland, B. A.,
.. . Attwell, D. (2014). Capillary pericytes regulate cerebral blood flow in
health and disease. Nature, 508(7494), 55-60.
https://doi.org/10.1038/nature13165

Halliday, M. R., Rege, S. V., Ma, Q. Y., Zhao, Z., Miller, C. A., Winkler, E. A.,
Zlokovic, B. V. (2016). Accelerated pericyte degeneration and blood-brain
barrier breakdown in apolipoprotein E4 carriers with Alzheimer's disease.

100



References

Journal of Cerebral Blood Flow and Metabolism, 36(1), 216-227.
https://doi.org/10.1038/jcbfm.2015.44

Hamilton, N. B., Attwell, D., Hall, C. N. (2010). Pericyte-mediated regulation of
capillary diameter: a component of neurovascular coupling in health and

disease. Frontiers in Neuroenergetics, 2.
https://doi.org/10.3389/fhene.2010.00005

Hammarlund-Udenaes, M., Friden, M., Syvanen, S., Gupta, A. (2008). On the rate
and extent of drug delivery to the brain. Pharmaceutical Research, 25(8),
1737-1750. https://doi.org/10.1007/s11095-007-9502-2

Harb, R., Whiteus, C., Freitas, C., Grutzendler, J. (2013). In vivo imaging of
cerebral microvascular plasticity from birth to death. Journal of Cerebral
Blood Flow and Metabolism, 33(1), 146-156.
https://doi.org/10.1038/jcbfm.2012.152

Hartmann, C., Zozulya, A., Wegener, J., Galla, H. J. (2007). The impact of glia-
derived extracellular matrices on the barrier function of cerebral endothelial
cells: An in vitro study. Experimental Cell Research, 313(7), 1318-1325.
https://doi.org/10.1016/j.yexcr.2007.01.024

Hawkes, R., Leclerc, N. (1987). Antigenic map of the rat cerebellar cortex: the
distribution of parasagittal bands as revealed by monoclonal anti-Purkinje cell
antibody mabQ113. Journal of Comparative Neurology, 256(1), 29-41.
https://doi.org/10.1002/cne.902560104

Heckroth, J. A. (1994). Quantitative morphological analysis of the cerebellar
nuclei in normal and lurcher mutant mice .1. morphology and cell number.
Journal of Comparative Neurology, 343(1), 173-182.
https://doi.org/10.1002/cne.903430113

Heckroth, J. A., Eisenman, L. M. (1991). Olivary morphology and olivocerebellar
topography in adult lurcher mutant mice. Journal of Comparative Neurology,
312(4), 641-651. https://doi.org/10.1002/cne.903120413

Heggland, 1., Storkaas, I. S., Soligard, H. T., Kobro-Flatmoen, A., Witter, M. P.
(2015). Stereological estimation of neuron number and plaque load in the
hippocampal region of a transgenic rat model of Alzheimer's disease.
European Journal of Neuroscience, 41(9), 1245-1262.
https://doi.org/10.1111/ejn.12876

Heinke, J., Patterson, C., Moser, M. (2012). Life is a pattern: vascular assembly
within the embryo. Frontiers in bioscience (Elite edition), 4(6), 2269-2288.
https://doi.org/10.2741/541

101



References

Heinzer, S., Kuhn, G., Krucker, T., Meyer, E., Ulmann-Schuler, A., Stampanoni, M.,
... Vogel, J. (2008). Novel three-dimensional analysis tool for vascular trees
indicates complete micro-networks, not single capillaries, as the angiogenic
endpoint in mice overexpressing human VEGF(165) in the brain. Neuroimage,

39(4), 1549-1558. https://doi.org/10.1016/j.neuroimage.2007.10.054

Hellstrom, M., Kalen, M., Lindahl, P., Abramsson, A., Betsholtz, C. (1999). Role
of PDGF-B and PDGFR-beta in recruitment of vascular smooth muscle cells

and pericytes during embryonic blood vessel formation in the mouse.
Development, 126(14), 3047-3055. https://doi.org/10.1242/dev.126.14.3047

Hellstrom, M., Phng, L. K., Hofmann, J. J., Wallgard, E., Coultas, L., Lindblom, P.,
. .. Betsholtz, C. (2007). D114 signalling through Notch1 regulates formation
of tip «cells during angiogenesis. Nature, 445(7129), 776-780.
https://doi.org/10.1038/nature05571

Hicks, P., Rolsten, C., Brizzee, D., Samorajski, T. (1983). Age-related-changes in
rat-brain capillaries. Neurobiology of Aging, 4(1), 69-75.
https://doi.org/10.1016/0197-4580(83)90057-x

Hilber, P., Lorivel, T., Delarue, C., Caston, J. (2004). Stress and anxious-related
behaviors in Lurcher mutant mice. Brain Research, 1003(1-2), 108-112.
https://doi.org/10.1016/j.brainres.2004.01.008

Hofmann, J. J., Iruela-Arispe, M. L. (2007). Notch signaling in blood vessels: who
is talking to whom about what? Circulation Research, 100(11), 1556-1568.
https://doi.org/10.1161/01.RES.0000266408.42939.e4

Honjo, K., Black, S. E., Verhoeftf, N. (2012). Alzheimer's disease, cerebrovascular
disease, and the beta-amyloid cascade. Canadian Journal of Neurological
Sciences, 39(6), 712-728. https://doi.org/10.1017/s0317167100015547

Howard, V., Reed, M. (2004). Unbiased stereology: three-dimensional
measurement in microscopy. Garland Science.

Hudetz, A. G. (1997). Blood flow in the cerebral capillary network: A review
emphasizing observations with intravital microscopy. Microcirculation, 4(2),
233-252. https://doi.org/10.3109/10739689709146787

Hudlicka, O., Komarek, J., Wright, A. J. A. (1981). The effect of a xanthine
derivative, 1-(5'-oxohexyl)-3-methyl-7-propylxanthine (HWA-285), on heart
performance and regional blood-flow in dogs and rabbits. British Journal of
Pharmacology, 72(4), 723-730.
https://doi.org/10.1111/1.1476-5381.1981.tb09154 x

102



References

Hunt, A. P., Minett, G. M., Gibson, O. R., Kerr, G. K., Stewart, . B. (2020). Could
heat therapy be an effective treatment for Alzheimer's and Parkinson's

diseases? A Narrative Review. Frontiers in Physiology, 10, Article 1556.
https://doi.org/10.3389/fphys.2019.01556

Iadecola, C. (2004). Neurovascular regulation in the normal brain and in
Alzheimer's disease. Nature Reviews Neuroscience, 5(5), 347-360.
https://doi.org/10.1038/nrn1387

Iadecola, C. (2013). The pathobiology of vascular dementia. Neuron, 80(4), 844-
866. https://doi.org/10.1016/j.neuron.2013.10.008

Iadecola, C. (2017). The neurovascular unit coming of age: a journey through
neurovascular coupling in health and disease. Neuron, 96(1), 17-42.
https://doi.org/10.1016/j.neuron.2017.07.030

Iadecola, C., Nedergaard, M. (2007). Glial regulation of the cerebral
microvasculature. Nature Neuroscience, 10(11), 1369-1376.
https://doi.org/10.1038/nn2003

Iglesias-Gamarra, A., Restrepo, J. F., Matteson, E. L. (2007). Small-vessel
vasculitis. Current  Rheumatology  Reports, 9(4), 304-311.
https://doi.org/10.1007/s11926-007-0049-3

Illsley, A., Ramadan, H. (2014). Cerebral amyloid angiopathy: a transient
ischaemic  attack mimic. Clinical  Medicine, 14(3), 255-259.
https://doi.org/10.7861/clinmedicine.14-3-255

Irimescu, 1., Bolfa, P., Crisan, M., Dezdrobitu, C., Damian, A. (2015).
Macroscopical and histological aspects of the cerebellum in chinchillas.
Agriculture and Agricultural Science Procedia, 6, 350-357.

Isaacs, K. R., Anderson, B. J., Alcantara, A. A., Black, J. E., Greenough, W. T.
(1992). Exercise and the brain: angiogenesis in the adult rat cerebellum after

vigorous physical activity and motor skill learning. Journal of Cerebral Blood
Flow and Metabolism, 12(1), 110-119. https://doi.org/10.1038/jcbfm.1992.14

Jankowsky, J. L., Slunt, H. H., Ratovitski, T., Jenkins, N. A., Copeland, N. G.,
Borchelt, D. R. (2001). Co-expression of multiple transgenes in mouse CNS:
a comparison of strategies. Biomolecular Engineering, 17(6), 157-165.
https://doi.org/10.1016/s1389-0344(01)00067-3

Jayakumar, A. R., Apeksha, A., Norenberg, M. D. (2017). Role of matricellular
proteins in disorders of the central nervous system. Neurochemical Research,
42(3), 858-875. https://doi.org/10.1007/s11064-016-2088-5

103



References

Jellinger, K. A. (2006). Alzheimer 100 - highlights in the history of Alzheimer
research. Journal of Neural Transmission, 113(11), 1603-1623.
https://doi.org/10.1007/s00702-006-0578-3

Jespersen, S. N., Ostergaard, L. (2012). The roles of cerebral blood flow, capillary
transit time heterogeneity, and oxygen tension in brain oxygenation and
metabolism. Journal of Cerebral Blood Flow and Metabolism, 32(2), 264-277.
https://doi.org/10.1038/jcbfm.2011.153

Johanson, C. E., Stopa, E. G., McMillan, P. N. (2011). The blood-cerebrospinal
fluid barrier: structure and functional significance. Methods in Molecular
Biology, 686, 101-131. https://doi.org/10.1007/978-1-60761-938-3 4

Joo, I. L., Lai, A. Y., Bazzigaluppi, P., Koletar, M. M., Dorr, A., Brown, M. E., .
.. Stefanovic, B. (2017). Early neurovascular dysfunction in a transgenic rat
model of Alzheimer's disease. Scientific Reports, 12(7), 46427.
https://doi.org/10.1038/srep46427

Josowitz, A. D., Bindra, R. S., Saltzman, W. M. (2023). Polymer nanocarriers for
targeted local delivery of agents in treating brain tumors. Nanotechnology,
34(7), Article 072001. https://doi.org/10.1088/1361-6528/ac9683

Kalaitzakis, M. E., Graeber, M. B., Gentleman, S. M., Pearce, R. K. B. (2008).
Controversies over the staging of alpha-synuclein pathology in Parkinson's
disease. Acta Neuropathologica, 116(1), 125-128.
https://doi.org/10.1007/s00401-008-0381-3

Kamara, D. M., Gangishetti, U., Gearing, M., Willis-Parker, M., Zhao, L., Hu, W. T.,
Walkerx, L. C. (2018). Cerebral amyloid angiopathy: similarity in african-

americans and caucasians with Alzheimer's disease. Journal of Alzheimer’s
Disease, 62(4), 1815-1826. https://doi.org/10.3233/JAD-170954

Kang, J., Lemaire, H. G., Unterbeck, A., Salbaum, J. M., Masters, C. L.,
Grzeschik, K. H., . . . Mullerhill, B. (1987). The precursor of alzheimers-
disease amyloid-A4 protein resembles a cell-surface receptor. Nature,
325(6106), 733-736. https://doi.org/10.1038/325733a0

Kannurpatti, S. S., Motes, M. A., Rypma, B., Biswal, B. B. (2010). Neural and
vascular variability and the fMRI-BOLD response in normal aging. Magnetic
Resonance Imaging, 28(4), 466-476.
https://doi.org/10.1016/j.mri.2009.12.007

Karran, E., Mercken, M., De Strooper, B. (2011). The amyloid cascade hypothesis
for Alzheimer's disease: an appraisal for the development of therapeutics.

104



References

Nature Reviews Drug Discovery, 10(9), 698-U1600.
https://doi.org/10.1038/nrd3505

Katsuse, O., Iseki, E., Arai, T., Akiyama, H., Togo, T., Uchikado, H., . . . Kosaka, K.
(2003). 4-repeat tauopathy sharing pathological and biochemical features of
corticobasal degeneration and progressive supranuclear palsy. Acta
Neuropathologica, 106(3), 251-260.
https://doi.org/10.1007/s00401-003-0728-8

Keuker, J. I. H., Luiten, P. G. M., Fuchs, E. (2000). Capillary changes in
hippocampal CA1 and CA3 areas of the aging rhesus monkey. Acta
Neuropathologica, 100(6), 665-672. https://doi.org/10.1007/s004010000227

Khan, N. A., Asim, M., El-Menyar, A., Biswas, K. H., Rizoli, S., Al-Thani, H.
(2022). The evolving role of extracellular vesicles (exosomes) as biomarkers
in traumatic brain injury: Clinical perspectives and therapeutic implications.
Frontiers in Aging Neuroscience, 14, Article 933434.
https://doi.org/10.3389/thagi.2022.933434

Killian, J. E., Baker, J. F. (2002). Horizontal vestibuloocular reflex (VOR) head
velocity estimation in Purkinje cell degeneration (pcd/pcd) mutant mice.
Journal of Neurophysiology, 87(2), 1159-1164.
https://doi.org/10.1152/jn.00219.2001

Kim, D. H., Lee, S., Kang, H. G., Park, H. W, Lee, H. W., Kim, D., . . . Chun, K. H.
(2020). Synergistic antitumor activity of a DLL4/VEGF bispecific therapeutic
antibody in combination with irinotecan in gastric cancer. BMB Reports,
53(10), 533-538. https://doi.org/10.5483/BMBRep.2020.53.10.103

Kisler, K., Nelson, A. R., Montagne, A., Zlokovic, B. V. (2017). Cerebral blood
flow regulation and neurovascular dysfunction in Alzheimer disease. Nature
Reviews Neuroscience, 18(7), 419-434. https://doi.org/10.1038/nrn.2017.48

Kleim, J. A., Cooper, N. R., VandenBerg, P. A. (2002). Exercise induces
angiogenesis but does not alter movement representations within rat motor
cortex. Brain Research, 934(1), 1-6, Article Pii s0006-8993(02)02239-4.
https://doi.org/10.1016/s0006-8993(02)02239-4

Klein, T. W., Lane, B., Newton, C. A., Friedman, M. (2000). The cannabinoid
system and cytokine network. Proceedings of the Society for Experimental
Biology and Medicine, 225(1), 1-8.
https://doi.org/10.1046/j.1525-1373.2000.22501.x

Kleinfeld, D., Blinder, P., Drew, P. J., Driscoll, J. D., Muller, A., Tsai, P. S.,
Shih, A. Y. (2011). A guide to delineate the logic of neurovascular signaling

105



References

in the brain. Front Neuroenergetics, 3, 1.
https://doi.org/10.3389/fhene.2011.00001

Kleiter, N., Lametschwandtner, A. (1995). Microvascularization of the cerebellum
in the turtle, pseudemys-scripta elegans (reptilia) - a scanning electron-
microscope study of microvascular corrosion casts, including stereological
measurements.  Anatomy  and  Embryology, 191(2), 145-153.
https://doi.org/10.1007/BF00186786

Kolinko, Y., Cendelin, J., Kralickova, M., Tonar, Z. (2016). Smaller absolute
quantities but greater relative densities of microvessels are associated with

cerebellar degeneration in Lurcher mice. Frontiers in Neuroanatomy, 10,
Article 35. https://doi.org/10.3389/fhana.2016.00035

Kolinko, Y., Krakorova, K., Cendelin, J., Tonar, Z., Kralickova, M. (2015).
Microcirculation of the brain: morphological assessment in degenerative

diseases and restoration processes. Reviews in the Neurosciences, 26(1), 75-
93. https://doi.org/10.1515/revneuro-2014-0049

Kolinko, Y., Kralickova, M., Cendelin, J. (2023). Reduction of microvessel
number and length in the cerebellum of Purkinje cell degeneration mice.
Cerebellum, 1-8. https://doi.org/10.1007/s12311-023-01556-y

Kolinko, Y., Kralickova, M., Tonar, Z. (2018). The impact of pericytes on the
brain and approaches for their morphological analysis. Journal of Chemical
Neuroanatomy, 91, 35-45. https://doi.org/10.1016/j.jchemneu.2018.04.003

Kolinko, Y., Maleckova, A., Kochova, P., Grajciarova, M., Blassova, T.,
Kural, T., ... Tonar, Z. (2022). Using virtual microscopy for the development
of sampling strategies in quantitative histology and design-based stereology.
Anatomia Histologia Embryologia, 51(1), 3-22.
https://doi.org/10.1111/ahe.12765

Kolinko, Y., Marsalova, L., Pena, S. P., Kralickova, M., Mouton, P. R. (2021).
Stereological changes in microvascular parameters in hippocampus of a

transgenic rat model of Alzheimer's disease. Journal of Alzheimers Disease,
84(1), 249-260. https://doi.org/10.3233/jad-210738

Konerding, M. A., Turhan, A., Ravnic, D. J., Lin, M., Fuchs, C., Secomb, T. W.,
... Mentzer, S. J. (2010). Inflammation-induced intussusceptive angiogenesis

in murine colitis. Anatomical Record-Advances in Integrative Anatomy and
Evolutionary Biology, 293(5), 849-857. https://doi.org/10.1002/ar.21110

106



References

Konisti, S., Kiriakidis, S., Paleolog, E. M. (2012). Hypoxia-a key regulator of
angiogenesis and inflammation in rheumatoid arthritis. Nature Reviews
Rheumatology, 8(3), 153-162. https://doi.org/10.1038/nrrheum.2011.205

Koulousakis, P., van den Hove, D., Visser-Vandewalle, V., Sesia, T. (2020).
Cognitive improvements after intermittent deep brain stimulation of the
nucleus basalis of meynert in a transgenic rat model for Alzheimer's disease:
a preliminary approach. Journal of Alzheimers Disease, 73(2), 461-466.

Kovac, A. D., Kwidzinski, E., Heimrich, B., Bittigau, P., Deller, T., Nitsch, R.,
Bechmann, 1. (2004). Entorhinal cortex lesion in the mouse induces
transsynaptic death of perforant path target neurons. Brain Pathol, 14(3), 249-
257. https://doi.org/10.1111/j.1750-3639.2004.tb00061.x

Krueger, M., Bechmann, I. (2010). CNS pericytes: concepts, misconceptions, and
a way out. Glia, 58(1), 1-10. https://doi.org/10.1002/glia.20898

Kubikova, T., Kochova, P., Tomasek, P., Witter, K., Tonar, Z. (2018). Numerical
and length densities of microvessels in the human brain: Correlation with
preferential orientation of microvessels in the cerebral cortex, subcortical grey

matter and white matter, pons and cerebellum. Journal of Chemical
Neuroanatomy, 88, 22-32. https://doi.org/10.1016/j.jchemneu.2017.11.005

Kumar, V., Abbas, A. K., Fausto, N., Aster, J. C. (2014). Robbins and Cotran
pathologic basis of disease, professional edition e-book. Elsevier health
sciences.

Kumar-Singh, S. (2008). Cerebral amyloid angiopathy: pathogenetic mechanisms
and link to dense amyloid plaques. Genes, Brain, and Behavior, 1, 67-82.
https://doi.org/10.1111/1.1601-183X.2007.00380.x

Kyuhou, S., Kato, N., Gemba, H. (2006, Mar 27). Emergence of endoplasmic
reticulum stress and activated microglia in Purkinje cell degeneration mice.
Neuroscience letters, 396(2), 91-96. https://doi.org/10.1016/j.neulet.2005.11.023

Lai, A. Y., Dorr, A., Thomason, L. A., Koletar, M. M., Sled, J. G., Stefanovic, B.,
McLaurin, J. (2015). Venular degeneration leads to vascular dysfunction in a
transgenic model of Alzheimer's disease. Brain, 138(4), 1046-1058.
https://doi.org/10.1093/brain/awv023

Lalonde, R., Lamarre, Y., Smith, A. M. (1988). Does the mutant mouse lurcher
have deficits in spatially oriented behaviors. Brain Research, 455(1), 24-30.
https://doi.org/10.1016/0006-8993(88)90109-6

107



References

Lam, D. V., Javadekar, A., Patil, N., Yu, M., Li, L., Menendez, D. M., . . .
Shoffstall, A. J. (2023). Platelets and hemostatic proteins are co-localized with
chronic  neuroinflammation  surrounding  implanted  intracortical
microelectrodes. Acta Biomater, 166, 278-290.
https://doi.org/10.1016/j.actbio.2023.05.004

Laman, J. D., Weller, R. O. (2013). Drainage of cells and soluble antigen from the
CNS to regional lymph nodes. Journal of Neuroimmune Pharmacology, 8(4),
840-856. https://doi.org/10.1007/s11481-013-9470-8

Lampron, A., Elali, A., Rivest, S. (2013). Innate immunity in the CNS: redefining
the relationship between the CNS and its environment. Neuron, 78(2), 214-
232. https://doi.org/10.1016/j.neuron.2013.04.005

Lang, J. (1983). Cranial anatomy of the head: neurocranium, orbit, and
craniocervical regions. In: Springer-Verlag Berlin-New York.

Larsell, O. (1952). The morphogenesis and adult pattern of the lobules and fissures
of the cerebellum of the white rat. Journal of Comparative Neurology, 97(2),
281-356. https://doi.org/10.1002/cne.900970204

LaVail, M. M., Blanks, J. C., Mullen, R. J. (1982). Retinal degeneration in the pcd
cerebellar mutant mouse. I. Light microscopic and autoradiographic analysis.
Journal of Comparative Neurology, 212(3), 217-230.
https://doi.org/10.1002/cne.902120302

Lee, G. D., Aruna, J. H., Barrett, P. M., Lei, D. L., Ingram, D. K., Mouton, P. R.
(2005). Stereological analysis of microvascular parameters in a double

transgenic model of Alzheimer's disease. Brain Research Bulletin, 65(4), 317-
322. https://doi.org/10.1016/j.brainresbull.2004.11.024

Lee,H. Y., Kim, J. H.,, Weon, Y. C,, Lee, J. S., Kim, S. Y., Youn, S. W., Kim, S. H.
(2007). Diffusion-weighted imaging in transient global amnesia exposes the

CA1l region of the hippocampus. Neuroradiology, 49(6), 481-487.
https://doi.org/10.1007/s00234-007-0213-5

Lenci, E., Cosottini, L., Trabocchi, A. (2021). Novel matrix metalloproteinase
inhibitors: an updated patent review (2014-2020). Expert Opinion on
Therapeutic Patents, 31(6), 509-523.
https://doi.org/10.1080/13543776.2021.1881481

Li Q. T, Lu, Q. J,, Lu, H. Y., Tian, S. F., Lu, Q. X. (2013). Systemic
autoimmunity in TAM triple knockout mice causes inflammatory brain
damage and cell death. Plos One, 8(6), Article e64812.
https://doi.org/10.1371/journal.pone.0064812

108



References

Lin, C. Y., Hsu, Y. H., Lin, M. H., Yang, T. H., Chen, H. M., Chen, Y. C.,, . ..
Chang, C. (2013). Neurovascular abnormalities in humans and mice with

Huntington's  disease.  Experimental = Neurology, 250,  20-30.
https://doi.org/10.1016/j.expneurol.2013.08.019

Lin, W. L., Castanedes-Casey, M., Dickson, D. W. (2009). Transactivation
response DNA-binding protein 43 microvasculopathy in frontotemporal
degeneration and familial Lewy Body disease. Journal of Neuropathology and
Experimental Neurology, 68(11), 1167-1176.
https://doi.org/10.1097/NEN.Ob013e318 1baacec

Lipinski, B., Pretorius, E. (2013). The role of iron-induced fibrin in the
pathogenesis of Alzheimer's disease and the protective role of magnesium.

Frontiers in Human Neuroscience, 7, Article 735.
https://doi.org/10.3389/fnhum.2013.00735

Liu, Z. J., Shirakawa, T., Li, Y., Soma, A., Oka, M., Dotto, G. P., . . . Herlyn, M.
(2003). Regulation of Notchl and DIl4 by vascular endothelial growth factor
in arterial endothelial cells: Implications for modulating arteriogenesis and

angiogenesis. Molecular —and  Cellular  Biology, 23(1), 14-25.
https://doi.org/10.1128/mcb.23.1.14-25.2003

Lomeli, H., Sprengel, R., Laurie, D. J., Kohr, G., Herb, A., Seeburg, P. H., Wisden,
W. (1993). The rat delta-1 and delta-2 subunits extend the excitatory amino-
acid receptor family. FEBS  Letters, 315(3), 318-322.
https://doi.org/10.1016/0014-5793(93)81186-4

Lopez-Lopez, C., LeRoith, D., Torres-Aleman, I. (2004). Insulin-like growth
factor I is required for vessel remodeling in the adult brain. Proceedings of the
National Academy of Sciences of the United States of America, 101(26), 9833-
9838. https://doi.org/10.1073/pnas.0400337101

Lorivel, T., Roy, V., Hilber, P. (2014). Fear-related behaviors in Lurcher mutant
mice exposed to a predator. Genes Brain and Behavior, 13(8), 794-801.
https://doi.org/10.1111/gbb.12173

Loron, G., Pansiot, J., Olivier, P., Charriaut-Marlangue, C., Baud, O. (2023).
Inhaled nitric oxide promotes angiogenesis in the rodent developing brain.
International Journal of Molecular Sciences, 24(6), Article 5871.
https://doi.org/10.3390/ijms24065871

Love, S., Bridges, L. R., Case, C. P. (1995). Neurofibrillary tangles in Niemann-
pick disease type-C. Brain, 118, 119-129.
https://doi.org/10.1093/brain/118.1.119

109



References

Lu, W. Q., Tsirka, S. E. (2002). Partial rescue of neural apoptosis in the Lurcher
mutant mouse through elimination of tissue plasminogen activator.
Development, 129(8), 2043-2050. https://doi.org/10.1242/dev.129.8.2043

Maat-Schieman, M. L. C., Dorsman, J. C., Smoor, M. A., Siesling, S.,
Van Duinen, S. G., Verschuuren, J., . . . Roos, R. A. C. (1999). Distribution of
inclusions in neuronal nuclei and dystrophic neurites in huntington disease

brain. Journal of Neuropathology and Experimental Neurology, 58(2), 129-
137. https://doi.org/10.1097/00005072-199902000-00003

MacDonald, N. J., Shivers, W. Y., Narum, D. L., Plum, S. M., Wingard, J. N.,
Fuhrmann, S. R., . .. Sim, B. K. L. (2001). Endostatin binds tropomyosin - A
potential modulator of the antitumor activity of endostatin. Journal of
Biological Chemistry, 276(27), 25190-25196.
https://doi.org/10.1074/jbc.M 100743200

Madhavadas, S., Subramanian, S. (2017). Cognition enhancing effect of the
aqueous extract of Cinnamomum zeylanicum on non-transgenic Alzheimer's
disease rat model: Biochemical, histological, and behavioural studies.
Nutritional Neuroscience, 20(9), 526-537.
https://doi.org/10.1080/1028415X.2016.1194593

Mai, J. K., Paxinos, G. (2011). The human nervous system. Academic press.

Makarov, N. S., Spiridonova, S. V., Nikitina, V. V., Voskresenskaya, O. N.,
Zakharova, N. B. (2013). Molecular markers of endothelial damage in patients
with Parkinson's disease. Zhurnal Nevrologii i Psikhiatrii Imeni S S
Korsakova, 113(3), 61-64.

Makita, T., Sucov, H. M., Gariepy, C. E., Yanagisawa, M., Ginty, D. D. (2008).
Endothelins are vascular-derived axonal guidance cues for developing
sympathetic neurons. Nature, 452(7188), 759-U758.
https://doi.org/10.1038/nature06859

Malacarne, V. (1776). Nuova esposizione della vera struttura del cervelletto
umano di Vincenzo Malacarne. Appresso Giammichele Briolo nella contrada
de'guardinfanti.

Manich, G., Recasens, M., Valente, T., Almolda, B., Gonzalez, B., Castellano, B.
(2019). Role of the CD200-CD200R axis during homeostasis and

neuroinflammation. Neuroscience, 405, 118-136.
https://doi.org/10.1016/j.neuroscience.2018.10.030

Manto, M. U. (2005). The wide spectrum of spinocerebellar ataxias (SCAs).
Cerebellum, 4(1), 2-6. https://doi.org/10.1080/14734220510007914

110



References

Maras, P. M., Molet, J., Chen, Y., Rice, C., Ji, S. G., Solodkin, A., Baram, T. Z.
(2014). Preferential loss of dorsal-hippocampus synapses underlies memory

impairments provoked by short, multi-modal stress. Molecular Psychiatry,
19(7), 745. https://doi.org/10.1038/mp.2014.64

Marchena, M., Lara, J., Aijon, J., Germain, F., de la Villa, P., Velasco, A. (2011).
The retina of the PCD/PCD mouse as a model of photoreceptor degeneration.
A structural and functional study. Experimental Eye Research, 93(5), 607-617.
https://doi.org/10.1016/j.exer.2011.07.010

Marco, S., Laura, D., Andreas, B., David, B., Daniel, S., Steffen, O. J., . .. Emrah, D.
(2019). Hippocampal vascularization patterns: A high-resolution 7 Tesla time-

of-flight magnetic resonance angiography study. Neuroimage-Clinical, 21,
Article 101609. https://doi.org/10.1016/j.nicl.2018.11.019

Marinkovic, S., Gibo, H., Brigante, L., Nikodijevic, I., Petrovic, P. (1999). The
surgical anatomy of the perforating branches of the anterior choroidal artery.
Surgical Neurology, 52(1), 30-36. https://doi.org/10.1016/s0090-3019(99)00043-9

Marinkovic, S., Milisavljevic, M., Puskas, L. (1992). Microvascular anatomy of
the hippocampal-formation. Surgical Neurology, 37(5), 339-349.
https://doi.org/10.1016/0090-3019(92)90001-4

Marques, F., Sousa, J. C., Sousa, N., Palha, J. A. (2013). Blood-brain-barriers in
aging and in Alzheimer's disease. Molecular Neurodegeneration, 8, Article 38.
https://doi.org/10.1186/1750-1326-8-38

Martinez-Lemus, L. A. (2012). The dynamic structure of arterioles. Basic Clinical
Pharmacology Toxicology, 110(1), 5-11.
https://doi.org/10.1111/j.1742-7843.2011.00813.x

Matej, R., Rusina, R. (2012). Neurodegenerative disorders: review of current
classification and diagnostic neuropathological criteria. Ceskoslovenskd
patologie, 48(2), 83-90.

Matsushima, T., Rhoton, A. L., Deoliveira, E., Peace, D. (1983). Microsurgical
anatomy of the veins of the posterior-fossa. Journal of Neurosurgery, 59(1),
63-105. https://doi.org/10.3171/jns.1983.59.1.0063

Mayeux, R. (2003). Epidemiology of neurodegeneration. Annual Review of
Neuroscience, 26, 81-104.
https://doi.org/10.1146/annurev.neuro.26.043002.094919

Mayhew, T. M., Lucocq, J. M. (2015). From gross anatomy to the nanomorphome:
stereological tools provide a paradigm for advancing research in quantitative

111



References

morphomics. Journal of Anatomy, 226(4), 309-321.
https://doi.org/10.1111/joa.12287

McColl, B. W., Allan, S. M., Rothwell, N. J. (2009). Systemic infection,
inflammation and acute ischemic stroke. Neuroscience, 158(3), 1049-1061.
https://doi.org/10.1016/j.neuroscience.2008.08.019

McFarland, R., Blokhin, A., Sydnor, J., Mariani, J., Vogel, M. W. (2007).
Oxidative stress, nitric oxide, and the mechanisms of cell death in Lurcher
Purkinje cells. Developmental  Neurobiology, 67(8), 1032-1046.
https://doi.org/10.1002/dneu.20391

McGovern, M. M., Pohl-Worgall, T., Deckelbaum, R. J., Simpson, W.,
Mendelson, D., Desnick, R. J., . . . Wasserstein, M. P. (2004). Lipid
abnormalities in children with types A and B Niemann Pick disease. Journal
of Pediatrics, 145(1), 77-81. https://doi.org/10.1016/.jpeds.2004.02.048

Mentzer, S. J., Konerding, M. A. (2014). Intussusceptive angiogenesis: expansion
and remodeling of microvascular networks. Angiogenesis, 17(3), 499-509.
https://doi.org/10.1007/s10456-014-9428-3

Mhatre, M., Nguyen, A., Kashani, S., Pham, T., Adesina, A., Grammas, P. (2004).
Thrombin, a mediator of neurotoxicity and memory impairment. Neurobiology
of Aging, 25(6), 783-793. https://doi.org/10.1016/j.neurobiolaging.2003.07.007

Miao, J., Xu, F., Davis, J., Otte-Holler, 1., Verbeek, M. M., Van Nostrand, W. E.
(2005). Cerebral microvascular amyloid beta protein deposition induces
vascular degeneration and neuroinflammation in transgenic mice expressing
human vasculotropic mutant amyloid beta precursor protein. American
Journal of Pathology, 167(2), 505-515.
https://doi.org/10.1016/s0002-9440(10)62993-8

Millet, S., BlochGallego, E., Simeone, A., AlvaradoMallart, R. M. (1996). The
caudal limit of Otx2 gene expression as a marker of the midbrain/hindbrain
boundary: A study using in situ hybridisation and chick/quail homotopic
grafts. Development, 122(12), 3785-3797.

Miyazaki, K., Ohta, Y., Nagai, M., Morimoto, N., Kurata, T., Takehisa, Y., . . .
Abe, K. (2011). Disruption of neurovascular unit prior to motor neuron

degeneration in amyotrophic lateral sclerosis. Journal of Neuroscience
Research, 89(5), 718-728. https://doi.org/10.1002/jnr.22594

Molteni, M., Rossetti, C. (2017). Neurodegenerative diseases: The immunological
perspective. Journal of  Neuroimmunology, 313, 109-115.
https://doi.org/10.1016/j.jneuroim.2017.11.002

112



References

Mongera, A., Singh, A. P., Levesque, M. P., Chen, Y. Y., Konstantinidis, P.,
Nusslein-Volhard, C. (2013). Genetic lineage labeling in zebrafish uncovers

novel neural crest contributions to the head, including gill pillar cells.
Development, 140(4), 916-925. https://doi.org/10.1242/dev.091066

Montagne, A., Barnes, S. R., Sweeney, M. D., Halliday, M. R., Sagare, A. P.,
Zhao, Z., . . . Zlokovic, B. V. (2015). Blood-brain barrier breakdown in the
aging human hippocampus. Neuron, 85(2), 296-302.
https://doi.org/10.1016/j.neuron.2014.12.032

Montagne, A., Zhao, Z., Zlokovic, B. V. (2017). Alzheimer's disease: A matter of
blood-brain barrier dysfunction? Journal of Experimental Medicine, 214(11),
3151-3169. https://doi.org/10.1084/jem.20171406

Montoya, A., Price, B. H., Menear, M., Lepage, M. (2006). Brain imaging and
cognitive dysfunctions in Huntington's disease. Journal of Psychiatry
Neuroscience, 31(1), 21-29.

Morandi, X., Brassier, G., Darnault, P., Mercier, P., Scarabin, J. M., Duval, J. M.
(1996). Microsurgical anatomy of the anterior choroidal artery. Surgical and
Radiologic Anatomy, 18(4), 275-280. https://doi.org/10.1007/bf01627605

Moreau de la Sarthe, J., Vicq-d'Azyr, M. (1805). Oecuvres de Vicq-d'Azyr,
recueillies et publiées avec des notes et un discours sur sa vie et ses ouvrages.

Moreno, L., Popov, S., Jury, A., Al Sarraj, S., Jones, C., Zacharoulis, S. (2013).
Role of platelet derived growth factor receptor (PDGFR) over-expression and
angiogenesis in ependymoma. Journal of Neuro-Oncology, 111(2), 169-176.
https://doi.org/10.1007/s11060-012-0996-z

Morland, C., Andersson, K. A., Haugen, O. P., Hadzic, A., Kleppa, L., Gille, A., .
.. Bergersen, L. H. (2017). Exercise induces cerebral VEGF and angiogenesis
via the lactate receptor HCARI1. Nature Communications, 8, Article 15557.
https://doi.org/10.1038/ncomms15557

Morrone, C. D., Lai, A. Y., Bishay, J., Hill, M. E., McLaurin, J. (2022).
Parvalbumin neuroplasticity compensates for somatostatin impairment,
maintaining cognitive function in Alzheimer's disease. Translational
Neurodegeneration, 11(1), Article 26.
https://doi.org/10.1186/s40035-022-00300-6

Mouton, P. R. (2002). Principles and Practices of Unbiased Stereology: An
Introduction for Bioscientists. Johns Hopkins University Press.

113



References

Mouton, P. R. (2011). Unbiased Stereology: A Concise Guide. Johns Hopkins
University Press.

Muccioli, G. G., Stella, N. (2008). Microglia produce and hydrolyze
palmitoylethanolamide. Neuropharmacology, 54(1), 16-22.
https://doi.org/10.1016/j.neuropharm.2007.05.015

Mukouyama, Y., Shin, D., Britsch, S., Taniguchi, M., Anderson, D. J. (2002).
Sensory nerves determine the pattern of arterial differentiation and blood
vessel  branching in  the  skin. Cell, 109(6),  693-705.
https://doi.org/10.1016/s0092-8674(02)00757-2

Mukouyama, Y. S., Gerber, H. P., Ferrara, N., Gu, C. H., Anderson, D. J. (2005).
Peripheral nerve-derived VEGF promotes arterial differentiation via
neuropilin 1-mediated positive feedback. Development, 132(5), 941-952.
https://doi.org/10.1242/dev.01675

Mullen, R. J., Eicher, E. M., Sidman, R. L. (1976). Purkinje cell degeneration, a
new neurological mutation in the mouse. Proceedings of the National
Academy of Sciences of the United States of America, 73(1), 208-211.
https://doi.org/10.1073/pnas.73.1.208

Muradashvili, N., Tyagi, R., Lominadze, D. (2012). A dual-tracer method for
differentiating transendothelial transport from paracellular leakage in vivo and

in vitro. Frontiers in Physiology, 3, Article 166.
https://doi.org/10.3389/fphys.2012.00166

Muradashvili, N., Tyagi, R., Tyagi, N., Tyagi, S. C., Lominadze, D. (2016).
Cerebrovascular disorders caused by hyperfibrinogenaemia. Journal of
Physiology-London, 594(20), 5941-5957. https://doi.org/10.1113/jp272558

Nag, S. (2003). Morphology and molecular properties of cellular components of
normal cerebral vessels. The Blood-Brain Barrier: Biology and Research
Protocols, 3-36. https://doi.org/10.1385/1-59259-419-0:3

Nation, D. A., Sweeney, M. D., Montagne, A., Sagare, A. P., D'Orazio, L. M.,
Pachicano, M., . . . Zlokovic, B. V. (2019). Blood-brain barrier breakdown is
an early biomarker of human cognitive dysfunction. Nature Medicine, 25(2),
270-276. https://doi.org/10.1038/s41591-018-0297-y

Nemoto, E. M., Betterman, K. (2007). Basic physiology of hyperbaric oxygen in
brain. Neurological Research, 29(2), 116-126.
https://doi.org/10.1179/016164107x174138

114



References

Nerem, R. M., Levesque, M. J., Cornhill, J. F. (1981). Vascular endothelial
morphology as an indicator of the pattern of blood-flow. Journal of

Biomechanical Engineering-Transactions of the Asme, 103(3), 172-176.
https://doi.org/10.1115/1.3138275

Nguyen, J., Nishimura, N., Fetcho, R. N., Iadecola, C., Schaffer, C. B. (2011).
Occlusion of cortical ascending venules causes blood flow decreases, reversals
in flow direction, and vessel dilation in upstream capillaries. Journal of
Cerebral  Blood Flow and  Metabolism, 31(11), 2243-2254.
https://doi.org/10.1038/jcbfm.2011.95

Nichols, M. R., St-Pierre, M. K., Wendeln, A. C., Makoni, N. J., Gouwens, L. K.,
Garrad, E. C., . . . Combs, C. K. (2019). Inflammatory mechanisms in
neurodegeneration. Journal of Neurochemistry, 149(5), 562-581.

Nicholson, C. (2001). Diffusion and related transport mechanisms in brain tissue.
Reports on Progress in Physics, 64(7), 815-884.
https://doi.org/10.1088/0034-4885/64/7/202

Nishimura, N., Rosidi, N. L., Iadecola, C., Schaffer, C. B. (2010). Limitations of
collateral flow after occlusion of a single cortical penetrating arteriole. Journal
of Cerebral Blood Flow and Metabolism, 30(12), 1914-1927.
https://doi.org/10.1038/jcbfm.2010.157

Noh, J. S., Pak, H.J., Shin, Y. J., Riew, T. R., Park, J. H., Moon, Y. W., Lee, M. Y.
(2015). Differential expression of the calcium-sensing receptor in the ischemic
and border zones after transient focal cerebral ischemia in rats. Journal of
Chemical Neuroanatomy, 66-67, 40-51.
https://doi.org/10.1016/j.jchemneu.2015.05.001

Novak, M. J. U., Warren, J. D., Henley, S. M. D., Draganski, B.,
Frackowiak, R. S., Tabrizi, S. J. (2012). Altered brain mechanisms of emotion

processing in pre-manifest Huntington's disease. Brain, 135, 1165-1179.
https://doi.org/10.1093 /brain/aws(024

Nyengaard, J. R., Marcussen, N. (1993). The number of glomerular capillaries
estimated by an unbiased and efficient stereological method. Journal of
Microscopy, 171(1), 27-37.
https://doi.org/10.1111/j.1365-2818.1993.tb03356.x

Oberheim, N. A., Takano, T., Han, X., He, W., Lin, J. H. C., Wang, F., . . .
Nedergaard, M. (2009). Uniquely hominid features of adult human astrocytes.
Journal of Neuroscience, 29(10), 3276-3287.
https://doi.org/10.1523/jneurosci.4707-08.2009

115



References

Ogawa, K., Suzuki, Y., Akimoto, T., Shiobara, K., Hara, M., Morita, A., . . .
Soma, M. (2018). Relationship between cytotoxicity in the hippocampus and
an abnormal high intensity area on the diffusion-weighted images of three
patients with transient global amnesia. Internal Medicine, 57(18), 2631-2639.
https://doi.org/10.2169/internalmedicine.0251-17

Ogorman, S. (1985). Degeneration of thalamic neurons in Purkinje-cell
degeneration mutant mice .2. cytology of neuron loss. Journal of Comparative
Neurology, 234(3), 298-316. https://doi.org/10.1002/cne.902340303

Ogorman, S., Sidman, R. L. (1985). Degeneration of thalamic neurons in Purkinje-
cell degeneration mutant mice .1. Distribution of neuron loss. Journal of
Comparative Neurology, 234(3), 277-297. https://doi.org/10.1002/cne.902340302

Ortiz, G. G., Pacheco-Moises, F. P., Macias-Islas, M. A., Flores-Alvarado, L. J.,
Mireles-Ramirez, M. A., Gonzalez-Renovato, E. D., . . . Alatorre-Jimenez, M. A.
(2014). Role of the blood-brain barrier in multiple sclerosis. Archives of Medical
Research, 45(8), 687-697. https://doi.org/10.1016/j.arcmed.2014.11.013

Padel, T., Ozen, 1., Boix, J., Barbariga, M., Gaceb, A., Roth, M., Paul, G. (2016).
Platelet-derived growth factor-BB has neurorestorative effects and modulates
the pericyte response in a partial 6-hydroxydopamine lesion mouse model of
Parkinson's  disease. = Neurobiology  of  Disease, 94, 95-105.
https://doi.org/10.1016/j.nbd.2016.06.002

Palmer, A., Klein, R. (2003). Multiple roles of ephrins in morphogenesis, neuronal
networking, and brain function. Genes Development, 17(12), 1429-1450.
https://doi.org/10.1101/gad.1093703

Palop, J. J., Chin, J., Mucke, L. (2006). A network dysfunction perspective on
neurodegenerative diseases. Nature, 443(7113), 768-773.
https://doi.org/10.1038/nature05289

Pantoni, L. (2010). Cerebral small vessel disease: from pathogenesis and clinical
characteristics to therapeutic challenges. Lancet Neurology, 9(7), 689-701.
https://doi.org/10.1016/s1474-4422(10)70104-6

Pardridge, W. M. (2016). CSF, blood-brain barrier, and brain drug delivery.
Expert Opinion on Drug Delivery, 13(7), 963-975.
https://doi.org/10.1517/17425247.2016.1171315

Park, J. H., Seo, S. W., Kim, C., Kim, G. H., Noh, H. J., Kim, S. T., ... Na, D. L.
(2013). Pathogenesis of cerebral microbleeds: In vivo imaging of amyloid and
subcortical ischemic small vessel disease in 226 individuals with cognitive

116



References

impairment. Annals of Neurology, 73(5), 584-593.
https://doi.org/10.1002/ana.23845

Park, L., Wang, G., Zhou, P., Zhou, J., Pitstick, R., Previti, M. L., . . . Iadecola, C.
(2011). Scavenger receptor CD36 is essential for the cerebrovascular oxidative
stress and neurovascular dysfunction induced by amyloid-beta. Proceedings
of the National Academy of Sciences of the United States of America, 108(12),
5063-5068. https://doi.org/10.1073/pnas.1015413108

Patan, S., Alvarez, M. J., Schittny, J. C., Burri, P. H. (1992). Intussusceptive
microvascular growth - a common alternative to capillary sprouting. Archives
of Histology and Cytology, 55, 65-75.
https://doi.org/10.1679/aohc.55.Suppl 65

Patterson, V. L., Zullo, A. J., Koenig, C., Stoessel, S., Jo, H., Liu, X. R., ... Hoh, J.
(2014). Neural-specific deletion of Htra2 causes cerebellar neurodegeneration
and defective processing of mitochondrial OPA1. Plos One, 9(12), Article
e115789. https://doi.org/10.1371/journal.pone.0115789

Paul, J., Strickland, S., Melchor, J. P. (2007). Fibrin deposition accelerates
neurovascular damage and neuroinflammation in mouse models of
Alzheimer's disease. Journal of Experimental Medicine, 204(8), 1999-2008.
https://doi.org/10.1084/jem.20070304

Pearson-Leary, J., Eacret, D., Chen, R., Takano, H., Nicholas, B., Bhatnagar, S.
(2017). Inflammation and vascular remodeling in the ventral hippocampus

contributes to vulnerability to stress. Tramslational Psychiatry, 7, Article
e1160. https://doi.org/10.1038/tp.2017.122

Pellerino, A., Bruno, F., Soffietti, R., Ruda, R. (2023). Antiangiogenic therapy for
malignant brain tumors: does it still matter? Current Oncology Reports, 1-9.
https://doi.org/10.1007/s11912-023-01417-1

Peppiatt, C. M., Howarth, C., Mobbs, P., Attwell, D. (2006). Bidirectional control
of CNS capillary diameter by pericytes. Nature, 443(7112), 700-704.
https://doi.org/10.1038/nature05193

Persidsky, Y., Ramirez, S. H., Haorah, J., Kanmogne, G. D. (2006). Blood-brain
barrier: structural components and function under physiologic and pathologic

conditions. Journal of Neuroimmune Pharmacology, 1(3), 223-236.
https://doi.org/10.1007/s11481-006-9025-3

Peters, A., Sethares, C. (2012). Age-related changes in the morphology of cerebral
capillaries do not correlate with cognitive decline. Journal of Comparative
Neurology, 520(6), 1339-1347. https://doi.org/10.1002/cne.22809

117



References

Phillips, R. J. (1960). ‘Lurcher’, a new gene in linkage group XI of the house
mouse. Journal of Genetics, 57(1), 35-42.

Pifl, C., Reither, H., Attems, J., Zecca, L. (2023). Dopamine and vesicular
monoamine transport loss supports incidental Lewy body disease as

preclinical idiopathic Parkinson. Npj Parkinsons Disease, 9(1), Article 89.
https://doi.org/10.1038/s41531-023-00514-z

Poewe, W. (2009). Treatments for Parkinson disease-past achievements and
current clinical needs. Neurology, 72, S65-S73.
https://doi.org/10.1212/WNL.0b013e31819908ce

Porras-Garcia, M. E., Ruiz, R., Perez-Villegas, E. M., Armengol, J. A. (2013).
Motor learning of mice lacking cerebellar Purkinje cells. Frontiers in
Neuroanatomy, 7, Article 4. https://doi.org/10.3389/fhana.2013.00004

Povysil, C., Steiner, 1. (2007). Specidini patologie. Galén.

Price, J. M., Chi, X. D., Hellermann, G., Sutton, E. T. (2001). Physiological levels
of beta-amyloid induce cerebral vessel dysfunction and reduce endothelial

nitric oxide production. Newurological Research, 23(5), 506-512.
https://doi.org/10.1179/016164101101198758

Puchades, M., Sogn, C. J., Maehlen, J., Bergersen, L. H., Gundersen, V. (2013).
Unaltered lactate and glucose transporter levels in the MPTP mouse model of

Parkinson's disease. Journal of Parkinsons Disease, 3(3), 371-385.
https://doi.org/10.3233/jpd-130190

Pulsatelli, L., Boiardi, L., Assirelli, E., Pazzola, G., Muratore, F., Addimanda, O.,
. .. Meliconi, R. (2020). Imbalance between angiogenic and anti-angiogenic
factors in sera from patients with large-vessel vasculitis. Clinical and
Experimental Rheumatology, 38 Suppl 124(2), 23-30.

Purkartova, Z., Tichanek, F., Kolinko, Y., Cendelin, J. (2019). Embryonic
cerebellar graft morphology differs in two mouse models of cerebellar
degeneration. Cerebellum, 18(5), 855-865.
https://doi.org/10.1007/s12311-019-01067-9

Purkartova, Z., Tuma, J., Pesta, M., Kulda, V., Hajkova, L., Sebesta, O., . . .
Cendelin, J. (2014). Morphological analysis of embryonic cerebellar grafts in
SCA2 mice. Neuroscience Letters, 558, 154-158.
https://doi.org/10.1016/j.neulet.2013.11.020

Purkyné, J. E (1838). Neuesten untersuchungen aus der nerven- und firn-
Anatomie. Prag, Haase.

118



References

Purnell, C., Gao, S., Callahan, C. M., Hendrie, H. C. (2009). Cardiovascular risk
factors and incident Alzheimer disease a systematic review of the literature.
Alzheimer  Disease &  Associated  Disorders,  23(1),  1-10.
https://doi.org/10.1097/WAD.0b013e318187541¢c

Qu, W. H., Johnson, A., Kim, J. H., Lukowicz, A., Svedberg, D., Cvetanovic, M.
(2017). Inhibition of colony-stimulating factor 1 receptor early in disease
ameliorates motor deficits in SCA1 mice. Journal of Neuroinflammation, 14,
Article 107. https://doi.org/10.1186/s12974-017-0880-z

Ramoén y Cajal, S. (1894). The Croonian lecture.—La fine structure des centres
nerveux. Proceedings of the Royal Society of London, 55(331-335), 444-468.

Rege, T. A., Fears, C. Y., Gladson, C. L. (2005). Endogenous inhibitors of
angiogenesis in malignant gliomas: Nature's antiangiogenic therapy. Neuro-
Oncology, 7(2), 106-121. https://doi.org/10.1215/s115285170400119x

Reich, D. S., Lucchinetti, C. F., Calabresi, P. A. (2018). Multiple sclerosis. New
England Journal of Medicine, 378(2), 169-180.
https://doi.org/10.1056/NEJMra1401483

Reil,, J. C. (1807). Fragmente iiber die Bildung des kleinen Gehirns im Menschen.
Editeur non identifié.

Rensma, S. P., van Sloten, T. T., Launer, L. J., Stehouwer, C. D. A. (2018).
Cerebral small vessel disease and risk of incident stroke, dementia and
depression, and all-cause mortality: A systematic review and meta-analysis.
Neuroscience and Biobehavioral Reviews, 90, 164-173.

https://doi.org/10.1016/j.neubiorev.2018.04.003

Resibois, A., Cuvelier, L., Goffinet, A. M. (1997). Abnormalities in the
cerebellum and brainstem in homozygous lurcher mice. Neuroscience, 80(1),
175-190. https://doi.org/10.1016/s0306-4522(97)00009-2

Revesz, T., Ghiso, J., Lashley, T., Plant, G., Rostagno, A., Frangione, B.,
Holton, J. L. (2003). Cerebral amyloid angiopathies: a pathologic,
biochemical, and genetic view. Journal of Neuropathology and Experimental
Neurology, 62(9), 885-898. https://doi.org/10.1093/jnen/62.9.885

Reynolds, L. P., Grazul-Bilska, A. T., Redmer, D. A. (2000). Angiogenesis in the
corpus luteum. Endocrine, 12(1), 1-9. https://doi.org/10.1385/endo:12:1:1

Rhoton, A. L. (2000). The posterior fossa veins. Neurosurgery, 47(3), S69-S92.
https://doi.org/10.1097/00006123-200009001-00012

119



References

Rhyu, I. J., Bytheway, J. A., Kohler, S. J., Lange, H., Lee, K. J., Boklewski, J., . .
. Cameron, J. L. (2010). Effects of aerobic exercise training on cognitive

function and cortical vascularity in monkeys. Neuroscience, 167(4), 1239-
1248. https://doi.org/10.1016/j.neuroscience.2010.03.003

Ribatti, D., Djonov, V. (2012). Intussusceptive microvascular growth in tumors.
Cancer Letters, 316(2), 126-131. https://doi.org/10.1016/j.canlet.2011.10.040

Riddle, D. R., Sonntag, W. E., Lichtenwalner, R. J. (2003). Microvascular
plasticity in aging. Ageing Research Reviews, 2(2), 149-168, Article Pii s1568-
1637(02)00064-8. https://doi.org/10.1016/s1568-1637(02)00064-8

Risau, W. (1997). Mechanisms of angiogenesis. Nature, 386(6626), 671-674.
https://doi.org/10.1038/386671a0

Roitbak, T., Li, L., Cunningham, L. A. (2008). Neural stem/progenitor cells
promote endothelial cell morphogenesis and protect endothelial cells against
ischemia via HIF-1 alpha-regulated VEGF signaling. Journal of Cerebral
Blood Flow and Metabolism, 28(9), 1530-1542.
https://doi.org/10.1038/jcbfm.2008.38

Ropper, A. H., Samuels, M. A., Klein, J. P., Prasad, S. (2014). Adam and Victor’s
principles of neurology 10th Edition. McGraw Hill Professional.

Rorabaugh, J. M., Chalermpalanupap, T., Botz-Zapp, C. A., Fu, V. M.,
Lembeck, N. A., Cohen, R. M., Weinshenker, D. (2017). Chemogenetic locus

coeruleus activation restores reversal learning in a rat model of Alzheimer's
disease. Brain, 140, 3023-3038. https://doi.org/10.1093/brain/awx232

Rosenberg, G. A. (2009). Matrix metalloproteinases and their multiple roles in
neurodegenerative  diseases.  Lancet  Neurology, 8(2), 205-216.
https://doi.org/10.1016/s1474-4422(09)70016-x

Sander, K., Sander, D. (2005). New insights into transient global amnesia: recent
imaging and clinical findings. Lancet Neurology, 4(7), 437-444.
https://doi.org/10.1016/s1474-4422(05)70121-6

Sandi, C., Loscertales, M., Guaza, C. (1997). Experience-dependent facilitating
effect of corticosterone on spatial memory formation in the water maze.
European Journal of Neuroscience, 9(4), 637-642.
https://doi.org/10.1111/1.1460-9568.1997.tb01412.x

Sanes, J. R. (1989). Extracellular-matrix molecules that influence neural
development.  Annual  Review of  Neuroscience, 12, 491-516.
https://doi.org/10.1146/annurev.neuro.12.1.491

120



References

Sarkar, S., Raymick, J., Mann, D., Bowyer, J. F., Hanig, J. P., Schmued, L. C., . .
. Chigurupati, S. (2014). Neurovascular changes in acute, sub-acute and
chronic mouse models of Parkinson's disease. Current Neurovascular

Research, 11(1), 48-61. https://doi.org/10.2174/1567202610666131124234506

Sasaguri, H., Nilsson, P., Hashimoto, S., Nagata, K., Saito, T., De Strooper, B., ..
. Saido, T. C. (2017). APP mouse models for Alzheimer's disease preclinical
studies. European Molecular Biology Organization Journal, 36(17), 2473-
2487. https://doi.org/10.15252/embj.201797397

Sato, M., Ohashi, T. (2005). Biorheological views of endothelial cell responses to
mechanical stimuli. Biorheology, 42(6), 421-441.

Saunders, N. R., Daneman, R., Dziegielewska, K. M., Liddelow, S. A. (2013).
Transporters of the blood-brain and blood-CSF interfaces in development and
in the adult. Molecular Aspects of Medicine, 34(2-3), 742-752.
https://doi.org/10.1016/j.mam.2012.11.006

Schuchman, E. H., Desnick, R. J. (2017). Types A and B Niemann-Pick disease.
Molecular Genetics and Metabolism, 120(1-2), 27-33.
https://doi.org/10.1016/j.ymgme.2016.12.008

Schwartz, R. S., Halliday, G. M., Cordato, D. J., Kril, J. J. (2012). Small-vessel
disease in patients with Parkinson's disease: A clinicopathological study.
Movement Disorders, 27(12), 1506-1512. https://doi.org/10.1002/mds.25112

Schwarzmaier, S. M., Kim, S. W., Trabold, R., Plesnila, N. (2010). Temporal
profile of thrombogenesis in the cerebral microcirculation after traumatic brain

injury in mice. Jowrnal of Newrotrauma, 27(1), 121-130.
https://doi.org/10.1089/neu.2009.1114

Scott, T. G. (1963). A unique pattern of localization within the cerebellum. Nature,
200, 793. https://doi.org/10.1038/200793a0

Scuteri, A., Nilsson, P. M., Tzourio, C., Redon, J., Laurent, S. (2011).
Microvascular brain damage with aging and hypertension: pathophysiological

consideration and clinical implications. Journal of Hypertension, 29(8), 1469-
1477. https://doi.org/10.1097/HJH.0b013e328347cc17

Segal, M. B. (2001). Transport of nutrients across the choroid plexus. Microscopy
Research and Technique, 52(1), 38-48. https://doi.org/10.1002/1097-
0029(20010101)52:1<38::aid-jemt6>3.0.c0;2-j

Sengillo, J. D., Winkler, E. A., Walker, C. T., Sullivan, J. S., Johnson, M.,
Zlokovic, B. V. (2013). Deficiency in mural vascular cells coincides with

121



References

blood-brain barrier disruption in Alzheimer's disease. Brain Pathology, 23(3),
303-310. https://doi.org/10.1111/bpa.12004

Sheikh, A. M., Yano, S., Tabassum, S., Mitaki, S., Michikawa, M., Nagai, A.
(2023). Alzheimer's amyloid beta peptide induces angiogenesis in an
Alzheimer's disease model mouse through placental growth factor and

Angiopoietin 2 expressions. International Journal of Molecular Sciences,
24(5), Article 4510. https://doi.org/10.3390/ijms24054510

Shepro, D., Morel, N. M. L. (1993). Pericyte physiology. FASEB Journal, 7(11),
1031-1038. https://doi.org/10.1096/fasebj.7.11.8370472

Shibuya, K., Yagishita, S., Nakamura, A., Uchihara, T. (2011). Perivascular
orientation of astrocytic plaques and tuft-shaped astrocytes. Brain Research,
1404, 50-54. https://doi.org/10.1016/j.brainres.2011.06.014

Shih, A. Y., Blinder, P., Tsai, P. S., Friedman, B., Stanley, G., Lyden, P. D.,
Kleinfeld, D. (2013). The smallest stroke: occlusion of one penetrating vessel

leads to infarction and a cognitive deficit. Nature Neuroscience, 16(1), 55-
U8S. https://doi.org/10.1038/nn.3278

Skaaraas, G., Melbye, C., Puchades, M. A., Leung, D.S. Y., Jacobsen, O., Rao, S. B.,
... Torp, R. (2021). Cerebral amyloid angiopathy in a mouse model of
Alzheimer's disease associates with upregulated angiopoietin and

downregulated hypoxia-inducible factor. Journal of Alzheimers Disease,
83(4), 1651-1663. https://doi.org/10.3233/jad-210571

Smith, L. A., McMahon, L. L. (2018). Deficits in synaptic function occur at medial
perforant path-dentate granule cell synapses prior to Schaffer collateral-CAl

pyramidal cell synapses in the novel TgF344-Alzheimer's disease rat model.
Neurobiol Disease, (110), 166-179. https://doi.org/10.1016/j.nbd.2017.11.014

Song, J. J., Ott, H. C. (2011). Organ engineering based on decellularized matrix
scaffolds.  Tremnds in  Molecular ~ Medicine,  17(8), 424-432.
https://doi.org/10.1016/j.molmed.2011.03.005

Sotelo, C., Alvaradomallart, R. M. (1987). Embryonic and adult neurons interact
to allow Purkinje-cell replacement in mutant cerebellum. Nature, 327(6121),
421-423. https://doi.org/10.1038/327421a0

Staines, D. R., Brenu, E. W., Marshall-Gradisnik, S. (2009). Postulated vasoactive
neuropeptide immunopathology affecting the blood-brain/blood-spinal barrier
in certain neuropsychiatric fatigue-related conditions: A role for
phosphodiesterase inhibitors in treatment? Newuropsychiatric Disease and
Treatment, 5, 81-89.

122



References

Steele, J. C., Richardson, J. C., Olszewski, J. (2014). Progressive supranuclear
palsy: a heterogeneous degeneration involving the brain stem, basal ganglia
and cerebellum with vertical gaze and pseudobulbar palsy, nuchal dystonia
and  dementia. Seminars in  Neurology, 34(2), 129-150.
https://doi.org/10.1055/s-0034-1377058

Stein, E., Tessier-Lavigne, M. (2001). Hierarchical organization of guidance
receptors: Silencing of netrin attraction by slit through a Robo/DCC receptor
complex. Science, 291(5510), 1928-1938.
https://doi.org/10.1126/science.1058445

Stella, N., Piomelli, D. (2001). Receptor-dependent formation of endogenous
cannabinoids in cortical neurons. European Journal of Pharmacology, 425(3),
189-196. https://doi.org/10.1016/s0014-2999(01)01182-7

Sterio, D. C. (1984). The unbiased estimation of number and sizes of arbitrary
particles using the dissector. Journal of Microscopy, 134, 127-136.
https://doi.org/10.1111/1.1365-2818.1984.tb02501 .x

Stevenson, M. E., Behnke, V. K., Swain, R. A. (2018). Exercise pattern and
distance differentially affect hippocampal and cerebellar expression of FLK-1

and FLT-1 receptors in astrocytes and blood vessels. Behavioural Brain
Research, 337, 8-16. https://doi.org/10.1016/j.bbr.2017.09.037

Stevenson, M. E., Miller, C. C., Owen, H. A., Swain, R. A. (2020). Aerobic
exercise increases sprouting angiogenesis in the male rat motor cortex. Brain
Structure & Function, 225(8), 2301-2314.
https://doi.org/10.1007/s00429-020-02100-y

Stilling, B. (1864). Untersuchungen iiber den Bau des kleinen Gehirns des
Menschen: Untersuchungen iiber den Bau des Ziingelchens und seiner
Hemisphéren-Theile (Vol. 1). Kay.

Streit, W. J.,, Mrak, R. E., Griffin, W. S. T. (2004). Microglia and
neuroinflammation: a  pathological  perspective.  Jouwrnal  of
Neuroinflammation, 1, Article 14. https://doi.org/10.1186/1742-2094-1-14

Strozyk, D., Dickson, D. W., Lipton, R. B., Katz, M., Derby, C. A,, Lee, S., . ..
Verghese, J. (2010). Contribution of vascular pathology to the clinical
expression of dementia. Neurobiol Aging, 31(10), 1710-1720.

Su, M., Yoshida, Y., Hirata, Y., Satoh, Y., Nagata, K. (2000). Degeneration of the
cerebellar dentate nucleus in corticobasal degeneration: neuropathological and

morphometric investigations. Acta Neuropathologica, 99(4), 365-370.
https://doi.org/10.1007/s004010051137

123



References

Su, X. W. W., Broach, J. R., Connor, J. R., Gerhard, G. S., Simmons, Z. (2014).
Genetic heterogeneity of amyotrophic lateral sclerosis: implications for
clinical practice and research. Muscle & Nerve, 49(6), 786-803.
https://doi.org/10.1002/mus.24198

Subbiah, P., Mouton, P., Fedor, H., McArthur, J. C., Glass, J. D. (1996).
Stereological analysis of cerebral atrophy in human immunodeficiency virus-
associated dementia. Journal of Neuropathology and Experimental Neurology,
55(10), 1032-1037. https://doi.org/10.1097/00005072-199655100-00003

Suchting, S., Freitas, C., le Noble, F., Benedito, R., Breant, C., Duarte, A.,
Eichmann, A. (2007). The Notch ligand Delta-like 4 negatively regulates
endothelial tip cell formation and vessel branching. Proceedings of the
National Academy of Sciences of the United States of America, 104(9), 3225-
3230. https://doi.org/10.1073/pnas.0611177104

Sugihara, 1., Shinoda, Y. (2004). Molecular, topographic, and functional
organization of the cerebellar cortex: A study with combined aldolase C and
olivocerebellar labeling. Journal of Neuroscience, 24(40), 8771-8785.
https://doi.org/10.1523/jneurosci.1961-04.2004

Sulimai, N., Brown, J., Lominadze, D. (2023). Vascular effects on cerebrovascular
permeability and neurodegeneration. Biomolecules, 13(4), Article 648.
https://doi.org/10.3390/biom 13040648

Sulimai, N., Lominadze, D. (2020). Fibrinogen and neuroinflammation during
traumatic brain injury. Molecular Neurobiology, 57(11), 4692-4703.
https://doi.org/10.1007/s12035-020-02012-2

Swain, R. A., Harris, A. B., Wiener, E. C., Dutka, M. V., Morris, H. D., Theien, B. E.,
. .. Greenough, W. T. (2003). Prolonged exercise induces angiogenesis and
increases cerebral blood volume in primary motor cortex of the rat.
Neuroscience, 117(4), 1037-1046.
https://doi.org/10.1016/s0306-4522(02)00664-4

Sykova, E., Nicholson, C. (2008). Diffusion in brain extracellular space.
Physiological Reviews, 88(4), 1277-1340.
https://doi.org/10.1152/physrev.00027.2007

Szentagothai, J., Rajkovits, K. (1959). Ueber den ursprung der kletterfasern des
kleinhirns. Zeitschrift fiir Anatomie Und Entwicklungsgeschichte, 121(2), 130-
141.

Tahergorabi, Z., Khazaei, M. (2012). A review on angiogenesis and its assays.
Iranian Journal of Basic Medical Sciences, 15(6), 1110-1126.

124



References

Tai, L. M., Thomas, R., Marottoli, F. M., Koster, K. P., Kanekiyo, T., Morris, A. W. J.,
Bu, G. J. (2016). The role of APOE in cerebrovascular dysfunction. Acta
Neuropathologica, 131(5), 709-723. https://doi.org/10.1007/s00401-016-1547-z

Takano, T., Tian, G. F., Peng, W. G., Lou, N. H., Libionka, W., Han, X. N.,
Nedergaard, M. (2006). Astrocyte-mediated control of cerebral blood flow.
Nature Neuroscience, 9(2), 260-267. https://doi.org/10.1038/nn1623

Takayama, C., Nakagawa, S., Watanabe, M., Mishina, M., Inoue, Y. (1995).
Light-microscopic and electron-microscopic localization of the glutamate-
receptor channel delta-2 subunit in the mouse Purkinje-cell. Neuroscience
Letters, 188(2), 89-92. https://doi.org/10.1016/0304-3940(95)11403-j

Tammela, T., Zarkada, G., Wallgard, E., Murtomaki, A., Suchting, S., Wirzenius, M.,
... Alitalo, K. (2008). Blocking VEGFR-3 suppresses angiogenic sprouting
and vascular network formation. Nature, 454(7204), 656-U668.
https://doi.org/10.1038/nature07083

Tatu, L., Vuillier, F. (2014). Structure and vascularization of the human
hippocampus. Front Neurol Neurosci, 34, 18-25.
https://doi.org/10.1159/000356440

Tayebi Meybodi, A., Mignucci-Jiménez, G., Xu, Y., Preul, M. C. (2023). Artery
of Uchimura: origin and evolution of identification of the vascular supply to

the hippocampus. Journal of Neurosurgery, 1-12.
https://doi.org/10.3171/2023.2.JNS221963

Taylor, P. C., Sivakumar, B. (2005). Hypoxia and angiogenesis in rheumatoid
arthritis.  Current  Opinion in  Rheumatology, 17(3), 293-298.
https://doi.org/10.1097/01.bor.0000155361.83990.5b

Thal, D. R., Grinberg, L. T., Attems, J. (2012). Vascular dementia: Different forms
of vessel disorders contribute to the development of dementia in the elderly
brain. Experimental Gerontology, 47(11), 816-824.
https://doi.org/10.1016/j.exger.2012.05.023

Thompson, C. S., Hakim, A. M. (2009). Living beyond our physiological means
small vessel disease of the brain is an expression of a systemic failure in
arteriolar function: a unifying hypothesis. Stroke, 40(5), E322-E330.
https://doi.org/10.1161/strokeaha.108.542266

Tilling, T., Engelbertz, C., Decker, S., Korte, D., Huwel, S., Galla, H. J. (2002).
Expression and adhesive properties of basement membrane proteins in
cerebral capillary endothelial cell cultures. Cell and Tissue Research, 310(1),
19-29. https://doi.org/10.1007/s00441-002-0604-1

125



References

Tonar, Z., Kochova, P., Cimrman, R., Witter, K., Janacek, J., Rohan, V. (2011).
Microstructure oriented modelling of hierarchically perfused porous media for

cerebral blood flow evaluation. Key Engineering Materials, 465, 286-289.
https://doi.org/10.4028/www.scientific.net/ KEM.465.286

Tran, E. H., Hoekstra, K., van Rooijen, N., Dijkstra, C. D., Owens, T. (1998).
Immune invasion of the central nervous system parenchyma and experimental
allergic encephalomyelitis, but not leukocyte extravasation from blood, are

prevented in macrophage-depleted mice. Journal of Immunology, 161(7),
3767-3775.

Triarhou, L. C. (2010). Biological clues on neuronal degeneration based on
theoretical fits of decay patterns: towards a mathematical neuropathology.
Folia Neuropathologica, 48(1), 3-10.

Triarhou, L. C., Norton, J., Ghetti, B. (1987). Anterograde transsynaptic
degeneration in the deep cerebellar nuclei of Purkinje cell degeneration (pcd)
mutant mice. Experimental Brain  Research, 66(3), 577-588.

https:/doi.org/10.1007/BF00270691

Trickler, W. J., Lantz-McPeak, S. M., Robinson, B. L., Paule, M. G., Slikker, W.,
Biris, A. S., ... Ali, S. F. (2014). Porcine brain microvessel endothelial cells
show pro-inflammatory response to the size and composition of metallic
nanoparticles. Drug  Metabolism Reviews, 46(2), 224-231.
https://doi.org/10.3109/03602532.2013.873450

Trivedi, A., Zhang, H. Q., Ekeledo, A., Lee, S., Werb, Z., Plant, G. W., Noble-
Haeusslein, L. J. (2016). Deficiency in matrix metalloproteinase-2 results in
long-term vascular instability and regression in the injured mouse spinal cord.
Experimental Neurology, 284, 50-62.
https://doi.org/10.1016/j.expneurol.2016.07.018

Truettner, J. S., Katyshev, V., Esen-Bilgin, N., Dietrich, W. D., Dore-Dufty, P.
(2013). Hypoxia alters MicroRNA expression in rat cortical pericytes.
Microrna, 2(1), 32-44. https://doi.org/10.2174/2211536611302010005

Tsai, Y. C., Lu, B., Ljubimov, A. V., Girman, S., Ross-Cisneros, F. N., Sadun, A. A.,
. . . Wang, S. M. (2014). Ocular changes in TgF344-AD rat model of

Alzheimer's disease. Investigative Ophthalmology Visual Science, 55(1), 523-
534. https://doi.org/10.1167/iovs.13-12888

Tschanz, S., Schneider, J. P., Knudsen, L. (2014). Design-based stereology:
Planning, volumetry and sampling are crucial steps for a successful study.

126



References

Annals of  Anatomy-Anatomischer Anzeiger, 196(1), 3-11.
https://doi.org/10.1016/j.aanat.2013.04.011

Tsunemi, S., Iwasaki, T., Kitano, S., Matsumoto, K., Takagi-Kimura, M., Kubo, S.,
... Sano, H. (2013). Molecular targeting of hepatocyte growth factor by an
antagonist, NK4, in the treatment of rheumatoid arthritis. Arthritis Research
& Therapy, 15(4), Article R75. https://doi.org/10.1186/ar4252

Tuma, J., Kolinko, Y., Jelinkova, D., Hilber, P., Cendelin, J. (2017). Impaired
spatial performance in cerebellar-deficient Lurcher mice is not associated with

their abnormal stress response. Neurobiology of Learning and Memory, 140,
62-70. https://doi.org/10.1016/5.nlm.2017.02.009

Tuma, J., Kolinko, Y., Vozeh, F., Cendelin, J. (2015). Mutation-related
differences in exploratory, spatial, and depressive-like behavior in pcd and

Lurcher cerebellar mutant mice. Frontiers in Behavioral Neuroscience, 9,
Article 116. https://doi.org/10.3389/fnbeh.2015.00116

Tuma, P. L., Hubbard, A. L. (2003). Transcytosis: Crossing cellular barriers.
Physiological Reviews, 83(3), 871-932.
https://doi.org/10.1152/physrev.00001.2003

Valentin, G. (1836). Uber den Verlauf und die letzten Enden der Nerven (Vol. 18).
Weber.

Van Alphen, A. M., Schepers, T., Luo, C., De Zeeuw, C. 1. (2002). Motor
performance and motor learning in Lurcher mice. Annals of the New York
Academy of Sciences, 978, 413-424.
https://doi.org/10.1111/5.1749-6632.2002.tb07584 .x

van der Holst, H. M., van Uden, I. W. M., Tuladhar, A. M., de Laat, K. F., van
Norden, A. G. W., Norris, D. G., . .. de Leeuw, F. E. (2015). Cerebral small
vessel disease and incident parkinsonism the RUN DMC study. Neurology,
85(18), 1569-1577. https://doi.org/10.1212/wnl.0000000000002082

van Raaij, M. E., Lindvere, L., Dorr, A., He, J., Sahota, B., Foster, F. S.,
Stefanovic, B. (2012). Quantification of blood flow and volume in arterioles

and venules of the rat cerebral cortex using functional micro-ultrasound.
Neuroimage, 63(3), 1030-1037. https://doi.org/10.1016/j.neuroimage.2012.07.054

Varolio, C. (1969). De nervis opticis nonnullisq: aliis praeter communem
opinionem in humano capite obseruatis. Culture et Civilisation.

Verbeek, M. M., Westphal, J. R., Ruiter, D. J., Dewaal, R. M. W. (1995). T-
lymphocyte adhesion to human brain pericytes is mediated via very late

127



References

antigen-4 vascular cell-adhesion molecule-1 interactions. Journal of
Immunology, 154(11), 5876-5884.

Vernet-der Garabedian, B., Derer, P., Bailly, Y., Mariani, J. (2013). Innate
immunity in the Grid2Lc/+ mouse model of cerebellar neurodegeneration:
glial CD95/CD95L plays a non-apoptotic role in persistent neuron loss-

associated inflammatory reactions in the cerebellum. Journal of
Neuroinflammation, 10, 65. https://doi.org/10.1186/1742-2094-10-65

Vernet-der Garabedian, B., Lemaigre-Dubreuil, Y., Delhaye-Bouchaud, N.,
Mariani, J. (1998). Abnormal IL-1 beta cytokine expression in the cerebellum
of the ataxic mutant mice staggerer and Lurcher. Molecular Brain Research,
62(2), 224-227. https://doi.org/10.1016/s0169-328x(98)00268-x

Vesalius, A. (1964). De humani corporis fabrica libri septem.

Vic-d'Azyr, Moreau, J. (1805). Oeuvres de Vicq-d'Azyr: recueillies et publieés
avec des notes et un discours sur sa vie et ses ouvrages. L. Duprat-Duverger.

Vogel, M. W., Fan, H. B., Sydnor, J., Guidetti, P. (2001). Cytochrome oxidase
activity is increased in +/Lc Purkinje cells destined to die. Neuroreport,
12(14), 3039-3043. https://doi.org/10.1097/00001756-200110080-00012

Voogd, J., Pardoe, J., Ruigrok, T. J. H., Apps, R. (2003). The distribution of
climbing and mossy fiber collateral branches from the copula pyramidis and
the paramedian lobule: Congruence of climbing fiber cortical zones and the

pattern of zebrin banding within the rat cerebellum. Journal of Neuroscience,
23(11), 4645-4656. https://doi.org/10.1523/JNEUROSCI.23-11-04645.2003

Voorhees, J. R., Remy, M. T., Erickson, C. M., Dutca, L. M., Brat, D. J., Pieper, A. A.
(2019). Occupational-like organophosphate exposure disrupts microglia and
accelerates deficits in a rat model of Alzheimer's disease. NPJ Aging and
Mechanisms of Disease, 5(3). https://doi.org/10.1038/s41514-018-0033-3

Vorbrodt, A. W., Dobrogowska, D. H. (2003). Molecular anatomy of intercellular
junctions in brain endothelial and epithelial barriers: electron microscopist's
view. Brain Research Reviews, 42(3), 221-242.
https://doi.org/10.1016/s0165-0173(03)00177-2

Vozeh, F., Caddy, K. W. T., Myslivecek, J., Motanova, A. (1997). Some
characteristics of early learning in cerebellar degeneration model. Studia
Psychologica, 39(4), 279-281.

Wachter, C., Eiden, L. E., Naumann, N., Depboylu, C., Weihe, E. (2016). Loss of
cerebellar neurons in the progression of lentiviral disease: effects of CNS-

128



References

permeant antiretroviral therapy. Journal of Neuroinflammation, 13.
https://doi.org/10.1186/s12974-016-0726-0

Wakayama, Y., Yamagishi, S. (2023). Vascular and neuronal network formation
regulated by growth factors and guidance cues. Life-Basel, 13(2), Article 283.
https://doi.org/10.3390/1ife13020283

Wang, J. B., Wang, M. D., Li, E. X., Dong, D. F. (2012). Advances and prospects
of anginex as a promising anti-angiogenesis and anti-tumor agent. Peptides,
38(2), 457-462. https://doi.org/10.1016/j.peptides.2012.09.007

Wang, J. Q., Yin,J., Song, Y. F., Zhang, L., Ren, Y. X., Wang, D. G, ... Jing, Y. H.
(2014). Brain aging and AD-like pathology in streptozotocin-induced diabetic
rats. Journal of Diabetes Research, 2014, 796840.
https://doi.org/10.1155/2014/796840

Wang, T. Y., Morgan, J. I. (2007). The Purkinje cell degeneration (pcd) mouse:
An unexpected molecular link between neuronal degeneration and

regeneration. Brain Research, 1140, 26-40.
https://doi.org/10.1016/j.brainres.2006.07.065

Wardlaw, J. M., Benveniste, H., Nedergaard, M., Zlokovic, B. V., Mestre, H.,
Lee, H. D., . . . Fdn Leducq Transatlantic, N. (2020). Perivascular spaces in

the brain: anatomy, physiology and pathology. Nature Reviews Neurology,
16(3), 137-153. https://doi.org/10.1038/s41582-020-0312-z

Wardlaw, J. M., Smith, C., Dichgans, M. (2013). Mechanisms of sporadic cerebral
small vessel disease: insights from neuroimaging. Lancet Neurology, 12(5),
483-497. https://doi.org/10.1016/s1474-4422(13)70060-7

Wardlaw, J. M., Smith, E. E., Biessels, G. J., Cordonnier, C., Fazekas, F., Frayne, R.,
... Changes, S. T. R. V. (2013). Neuroimaging standards for research into
small vessel disease and its contribution to ageing and neurodegeneration.
Lancet Neurology, 12(8), 822-838.
https://doi.org/10.1016/s1474-4422(13)70124-8

West, M. J. (2018). Space balls revisited: stereological estimates of length with
virtual isotropic surface probes. Frontiers in Neuroanatomy, 12, 49.
https://doi.org/10.3389/fhana.2018.00049

West, M. J., Kawas, C. H., Stewart, W. F., Rudow, G. L., Troncoso, J. C. (2004).
Hippocampal neurons in pre-clinical Alzheimer's disease. Neurobiology of
Aging, 25(9), 1205-1212. https://doi.org/10.1016/j.neurobiolaging.2003.12.005

129



References

West, M. J., Slomianka, L., Gundersen, H. J. G. (1991). Unbiased stereological
estimation of the total number of neurons in the subdivisions of the rat

hippocampus using the optical fractionator. Anatomical Record, 231(4), 482-
497. https://doi.org/10.1002/ar.1092310411

Wetts, R., Herrup, K. (1982a). Cerebellar purkinje-cells are descended from a
small number of progenitors committed during early development -
quantitative-analysis of lurcher chimeric mice. Journal of Neuroscience,
2(10), 1494-1498. https://doi.org/10.1523/INEUROSCI.02-10-01494.1982

Wetts, R., Herrup, K. (1982b). Interaction of granule, purkinje and inferior olivary
neurons in lurcher chimeric mice .2. granule cell-death. Brain Research,
250(2), 358-362. https://doi.org/10.1016/0006-8993(82)90431-0

Wevers, N. R., de Vries, H. E. (2016). Morphogens and blood-brain barrier
function in health and disease. Tissue Barriers, 4(1), Article UNSP €1090524.
https://doi.org/10.1080/21688370.2015.1090524

Willison, H. J., Yuki, N. (2002). Peripheral neuropathies and anti-glycolipid
antibodies. Brain, 125, 2591-2625. https://doi.org/10.1093/brain/awf272

Winkler, E. A., Bell, R. D., Zlokovic, B. V. (2011). Central nervous system
pericytes in health and disease. Nature Neuroscience, 14(11), 1398-1405.
https://doi.org/10.1038/nn.2946

Winkler, E. A., Sengillo, J. D., Sagare, A. P., Zhao, Z., Ma, Q. Y., Zuniga, E., . . .
Zlokovic, B. V. (2014). Blood-spinal cord barrier disruption contributes to
early motor-neuron degeneration in ALS-model mice. Proceedings of the
National Academy of Sciences of the United States of America, 111(11),
E1035-E1042. https://doi.org/10.1073/pnas. 1401595111

Winkler, E. A., Sengillo, J. D., Sullivan, J. S., Henkel, J. S., Appel, S. H.,
Zlokovic, B. V. (2013). Blood-spinal cord barrier breakdown and pericyte

reductions in amyotrophic lateral sclerosis. Acta Neuropathologica, 125(1),
111-120. https://doi.org/10.1007/s00401-012-1039-8

Wullner, U., Loschmann, P. A., Weller, M., Klockgether, T. (1995). Apoptotic
cell-death in the cerebellum of mutant weaver and Lurcher mice. Neuroscience
Letters, 200(2), 109-112. https://doi.org/10.1016/0304-3940(95)12090-q

Xiong, B. Y., Li, A. A, Lou, Y., Chen, S. B., Long, B., Peng, J., . . . Gong, H.
(2017). Precise cerebral vascular atlas in stereotaxic coordinates of whole

mouse brain. Frontiers in  Neuroanatomy, 11, Article 128.
https://doi.org/10.3389/thana.2017.00128

130



References

Yakusheva, T. A., Shaikh, A. G., Green, A. M., Blazquez, P. M., Dickman, J. D.,
Angelaki, D. E. (2007). Purkinje cells in posterior cerebellar vermis encode
motion in an inertial reference frame. Neuron, 54(6), 973-985.
https://doi.org/10.1016/j.neuron.2007.06.003

Yang, S., Smit, A. F., Schwartz, S., Chiaromonte, F., Roskin, K. M., Haussler, D.,
. . . Hardison, R. C. (2004). Patterns of insertions and their covariation with

substitutions in the rat, mouse, and human genomes. Genome Research, 14(4),
517-527. https://doi.org/10.1101/gr.1984404

Yao, Y., Norris, E. H., Mason, C. E., Strickland, S. (2016). Laminin regulates
PDGFRB(+) cell stemness and muscle development. Nature Communications,
7, 11415. https://doi.org/10.1038/ncomms11415

Yemisci, M., Gursoy-Ozdemir, Y., Vural, A., Can, A., Topalkara, K., Dalkara, T.
(2009). Pericyte contraction induced by oxidative-nitrative stress impairs

capillary reflow despite successful opening of an occluded cerebral artery.
Nature Medicine, 15(9), 1031-U1082. https://doi.org/10.1038/nm.2022

Yousufuddin, M. (2019). Aging and ischemic stroke. Aging-Us, 11(9), 2542-2544.
https://doi.org/10.18632/aging.101931

Zanjani, S. H., Selimi, F., Vogel, M. W., Haeberle, A. M., Boeuf, J., Mariani, J.,
Bailly, Y. J. (2006). Survival of interneurons and parallel fiber synapses in a
cerebellar cortex deprived of Purkinje cells: Studies in the double mutant
mouse Grid2(Lc/+); Bax(-/-). Journal of Comparative Neurology, 497(4),
622-635. https://doi.org/10.1002/cne.21017

Zhang, P. Y., Yu, H. X, Zhou, N. Y., Zhang, J., Wu, Y., Zhang, Y.L.,...Hu, Y. S.
(2013). Early exercise improves cerebral blood flow through increased

angiogenesis in experimental stroke rat model. Journal of Neuroengineering
and Rehabilitation, 10, Article 43. https://doi.org/10.1186/1743-0003-10-43

Zhang, Y., Chao, F. L., Zhang, L., Jiang, L., Zhou, C. N., Chen, L. M., ... Tang, Y.
(2019). Quantitative study of the capillaries within the white matter of the
Tg2576 mouse model of Alzheimer's disease. Brain and Behavior, 9(4),
Article e01268. https://doi.org/10.1002/brb3.1268

Zhang, Z., Yan, J., Chang, Y., Yan, S. S. D., Shi, H. (2011). Hypoxia inducible
Factor-1 as a target for neurodegenerative diseases. Current Medicinal
Chemistry, 18(28), 4335-4343. https://doi.org/10.2174/092986711797200426

Zhao, Y., Bao, Q., Renner, A., Camaj, P., Eichhorn, M., Ischenko, L., . . . Bruns, C.
(2011). Cancer stem cells and angiogenesis. International Journal of
Developmental Biology, 55(4-5), 477-482. https://doi.org/10.1387/ijdb.103225yz

131



References

Zheng, K. B., Li, C. H., Shan, X. S., Liu, H. P., Fan, W. F., Wang, Z. S., Zheng, P.
(2013). Matrix metalloproteinases and their tissue inhibitors in serum and
cerebrospinal fluid of patients with moderate and severe traumatic brain
injury. Neurology India, 61(6), 606-609.
https://doi.org/10.4103/0028-3886.125258

Zhong, Z. H., Deane, R., Ali, Z., Parisi, M., Shapovalov, Y., O'Banion, M. K., . .
. Zlokovic, B. V. (2008). ALS-causing SOD1 mutants generate vascular

changes prior to motor neuron degeneration. Nature Neuroscience, 11(4), 420-
422. https://doi.org/10.1038/nn2073

Zhu, X. H., Qiao, H. Y., Du, F., Xiong, Q., Liu, X., Zhang, X. L., ... Chen, W.
(2012). Quantitative imaging of energy expenditure in human brain.
Neuroimage, 60(4),2107-2117. https://doi.org/10.1016/j.neuroimage.2012.02.013

Zimmermann, D. R., Dours-Zimmermann, M. T. (2008). Extracellular matrix of
the central nervous system: from neglect to challenge. Histochemistry and Cell
Biology, 130(4), 635-653. https://doi.org/10.1007/s00418-008-0485-9

Zlokovic, B. V. (2008). The blood-brain barrier in health and chronic
neurodegenerative disorders. Neuron, 57(2), 178-201.
https://doi.org/10.1016/j.neuron.2008.01.003

Zlokovic, B. V. (2011). Neurovascular pathways to neurodegeneration in

Alzheimer's disease and other disorders. Nature Reviews Neuroscience,
12(12), 723-738. https://doi.org/10.1038/nrn3114

Zonta, M., Angulo, M. C., Gobbo, S., Rosengarten, B., Hossmann, K. A.,
Pozzan, T., Carmignoto, G. (2003). Neuron-to-astrocyte signaling is central to

the dynamic control of brain microcirculation. Nature Neuroscience, 6(1), 43-
50. https://doi.org/10.1038/nn980

Zuo, J., DeJager, P. L., Takahashi, K. A., Jiang, W. N., Linden, D. J., Heintz, N.
(1997). Neurodegeneration in Lurcher mice caused by mutation in delta 2
glutamate receptor gene. Nature, 388(6644), 769-773.
https://doi.org/10.1038/42009

Zygmunt, M., Herr, F., Munstedt, K., Lang, U., Liang, O. D. (2003). Angiogenesis
and vasculogenesis in pregnancy. European Journal of Obstetrics & Gynecology
and Reproductive Biology, 110, S10-S18. https://doi.org/10.1016/s0301-
2115(03)00168-4

132



8 List of Figures and Tables

8.1 List of Figures

Figure 1 - General principles of organization of the cerebellar microcirculatory network ...... 15
Figure 2 - Illustrations of the microvascular supply of the hippocampus. .........ccccveeevirerennenne. 17
Figure 3 - Vasculogenesis and angiogenesis ..........couerueeriiriiriieeniieieenie ettt eseeenae e 24

Figure 4 - The results of the stereological investigation of the retinas in B6.BR and B6CBA

Figure 5 - Graphical comparison of acquired quantitative data and general morphology of the
adrenal gland in Lurcher and wild-type mice ..........ccceceriniiinininiininiinccienene 64
Figure 6 - Photomicrographs of control and ataxic mouse microvessels labeled with an anti-
laminin antibody and box plots illustrating selected quantitative parameters of the
microvascular network in the cerebellar histological subregions.............cccce.ee..... 65
Figure 7 - Features of the placement of the embryonic Purkinje cell suspension in the
cerebellum of Lc and pcd mutant mice and the results of total volumesvolume
INEASULEIMEIE ...cnveiutieiieeettetteit ettt ettt ette et bt eesbe et cateeabeesbeeateeabeesueeseeaeesueenaees 67
Figure 8 - Examples of anti-laminin antibody-labeled microvessels and box plots illustrating
selected quantitative parameters in the hippocampal principal cell layers of control

(non-Tg) and transgenic (TEF344-AD) rats .......ccooceevieeriiieniiinee e 69

8.2 List of Tables

Table 1 - Comparative analysis of methods and models in studying the vascular network
anatomy of the cerebellum and hippocampus at various levels .........c.ccccccveeneennee. 19
Table 2 - Utilized methods of histological staining and the quantitative parameters obtained

FEOIM TREII. . et eer e aeeeeeeeeaeseeneaneanaas 58



9 The author’s published work catalog

9.1 In journals with impact factors

1. KOLINKO, Y., M. KRALICKOVA AND J. CENDELIN Reduction of
microvessel number and length in the cerebellum of purkinje cell degeneration
mice. Cerebellum, 2023, 1-8. https://doi.org/10.1007/s12311-023-01556-y;
PMID: 37071329; IF cr2022 = 3.5; Q2 (Neurosciences).

2. BEROUNSKY, K., I. VACKOVA, L. VISTEINOVA, A. MALECKOVA, et
al. Autologous mesenchymal stromal cells immobilized in plasma-based
hydrogel for the repair of articular cartilage defects in a large animal model.
Physiological Research, 2023, 72(4), 485-495.
https://doi.org/10.33549/physiolres.935098; 1F; cra020 = 2.1; Q3 (Physiology).

3. FENCLOVA, T., M. CHEMEK, J. HAVRANKOVA, Y. KOLINKO, et al.
Effect of bisphenol S on testicular tissue after low-dose lactation exposure.
Environmental Pollution, 2022, 315.
https://doi.org/10.1016/j.envpol.2022.120114; PMID: 36096261; IFJCR2022
= 8.9; Q1 (Environmental Sciences).

4. DAVE, P., D. GOLDGOF, L. O. HALL, Y. KOLINKO, et al. A disector-
based framework for the automatic optical fractionator. Journal of Chemical
Neuroanatomy, 2022, 124. https://doi.org/10.1016/j.jchemneu.2022.102134;
PMID: 35839940; IF;cr2022 = 2.8; Q3 (Neurosciences).

5. KOLINKO, Y., A. MALECKOVA, P. KOCHOVA, M. GRAJCIAROVA, et
al. Using virtual microscopy for the development of sampling strategies in
quantitative histology and design-based stereology. Anatomia Histologia
Embryologia, 2022, 51(1), 3-22. https://doi.org/10.1111/ahe.12765.
PMID: 34806204; IF;cr2019 = 1.114; Q4 (Anatomy & Morphology).

6. SUCHY, T., L. VISTEINOVA, M. SUPOVA, P. KLEIN, et al. Vancomycin-
loaded collagen/hydroxyapatite layers electrospun on 3D printed titanium
implants prevent bone destruction associated with S. epidermidis infection and
enhance osseointegration. Biomedicines, 2021, 9(5).

134



The author's published works

https://doi.org/10.3390/biomedicines9050531; PMID: 34068788; IFicrai9 =
4.9: Q2 (Medicine, Research & Experimenta).

7. VISTEJNOVA, L., V. LISKA, A. KUMAR, J. KRECKOVA, et al.
Mesenchymal stromal cell therapy in novel porcine model of diffuse liver
damage induced by repeated biliary obstruction. International Journal of
Molecular Sciences, 2021, 22(9). https://doi.org/10.3390/1jms22094304;
PMID: 33919123; IF;cra019 = 6.2; Q1 (Biochemistry & Molecular Biology).

8. NEVORAL, J., J. HAVRANKOVA, Y. KOLINKO, S. PROKESOVA, et al.
Exposure to alternative bisphenols BPS and BPF through breast milk: Noxious
heritage effect during nursing associated with idiopathic infertility. Toxicology
and Applied Pharmacology, 2021, 413.
https://doi.org/10.1016/j.taap.2021.115409; PMID: 33476676; IFicr2019 = 4:
Q2 (Pharmacology & Pharmacy).

9. KOLINKO, Y., L. MARSALOVA, S. P. PENA, M. KRALICKOVA, et al.
Stereological changes in microvascular parameters in hippocampus of a
transgenic rat model of Alzheimer's disease. Journal of Alzheimers Disease,
2021, 84(1), 249-260. https://doi.org/10.3233/JAD-210738;
PMID: 34542078; IF;cra019 = 4.9; Q2 (Neurosciences).

10.RIMNACOVA, H., M. STIAVNICKA, J. MORAVEC, M. CHEMEK, et al.
Low doses of Bisphenol S affect post-translational modifications of sperm
proteins in male mice. Reproductive Biology and Endocrinology, 2020, 18(1).
https://doi.org/10.1186/s12958-020-00596-x; PMID: 32466766; 1F;cro019 =
5.3; Q1 (Reproductive Biology).

11.PURKARTOVA, Z., F. TICHANEK, Y. KOLINKO AND J. CENDELIN
Embryonic cerebellar graft morphology differs in two mouse models of
cerebellar degeneration. Cerebellum, 2019, 18(5), 855-865.
https://doi.org/10.1007/s12311-019-01067-9; PMID: 31418135; IFicr2019 =
3.7; Q2 (Neurosciences).

12.SCHOLTZOVA, H., A. G. PATEL, H. K. LYO, E. L. CHO, et al. P4-044:
Therapeutic potential of innate immunity stimulation by class B CPG ODN in
a tauopathy mouse model, RTG4510. Alzheimer's & Dementia, 2019, 15,

135



The author's published works

P1289-P1290. https://doi.org/10.1016/j.jalz.2019.06.3703; IFicr019 = 13.46;
Q1 (Cellular and Molecular Neuroscience).

13.KOLINKO, Y., M. KRALICKOVA AND Z. TONAR The impact of
pericytes on the brain and approaches for their morphological analysis.
Journal of Chemical Neuroanatomy, 2018, 91, 35-45.
https://doi.org/10.1016/j.jchemneu.2018.04.003; PMID: 29678665; IF;cr2019=
2.7: Q3 (Neurosciences).

14.CENDELIN, J., Z. PURKARTOVA, J. KUBIK, E. ULBRICHT, et al. Long-
term development of embryonic cerebellar grafts in two strains of Lurcher mice.
Cerebellum,2018, 17(4), 428-437. https://doi.org/10.1007/s12311-018-0928-3;
PMID: 29450804 ; IF;cr2019=3.7; Q2 (Neurosciences).

15.NEVORAL, J., Y. KOLINKO, J. MORAVEC, T. ZALMANOVA, et al.
Long-term exposure to very low doses of bisphenol S affects female
reproduction. Reproduction, 2018, 156(1), 47-57.
https://doi.org/10.1530/REP-18-0092; PMID: 29748175; IFjcro019 = 4.2;
Q2 (Developmental Biology).

16.EAST, B., M. PLENCNER, M. KRALOVIC, M. RAMPICHOVA, et al. A
polypropylene mesh modified with polye-epsilon-caprolactone nanofibers in
hernia repair: large animal experiment. [International Journal of
Nanomedicine, 2018, 13, 3129-3143. https://doi.org/10.2147/1IN.S159480;
PMID: 29881270; IF cr2019 = 8.1; Q1 (Pharmacology & Pharmacy).

17.TUMA, J., Y. KOLINKO, D. JELINKOVA, P. HILBER, et al. Impaired
spatial performance in cerebellar-deficient Lurcher mice is not associated with
their abnormal stress response. Neurobiology of Learning and Memory, 2017,
140, 62-70. https://doi.org/10.1016/7.nlm.2017.02.009; PMID: 28213063;
IFcRr2019 = 2.8; Q3 (Neurosciences).

18. KOLINKO, Y., J. CENDELIN, M. KRALICKOVA AND Z. TONAR
Smaller absolute quantities but greater relative densities of microvessels are
associated with cerebellar degeneration in Lurcher mice. Frontiers in
Neuroanatomy, 2016, 10.  https://doi.org/10.3389/fhana.2016.00035;
PMID: 27147979; IF;cr2019= 3.9; Q1 (Anatomy & Morphology).

136



The author's published works

19.TUMA, J., Y. KOLINKO, F. VOZEH AND J. CENDELIN Mutation-related
differences in exploratory, spatial, and depressive-like behavior in pcd and
Lurcher cerebellar mutant mice. Frontiers in Behavioral Neuroscience, May
2015, 9. https://doi.org/10.3389/fnbeh.2015.00116; PMID: 26029065;
IF;cr2019=3.6; Q3 (Neurosciences).

20.KOLINKO, Y., K. KRAKOROVA, J. CENDELIN, Z. TONAR, et al.
Microcirculation of the brain: morphological assessment in degenerative
diseases and restoration processes. Reviews in the Neurosciences, 2015, 26(1),
75-93.  https://doi.org/10.1515/revneuro-2014-0049; PMID: 25337818,
IFjcr019= 4.7, Q2 (Neurosciences).

21.0STASOV, P., M. KRALICKOVA, J. CENDELIN, J. TUMA, et al. Hereditary
cerebellar degeneration and stem-cell based therapy. EPMA Journal, 2014, 5,
1-2. IFcro019=5.3; Q1 (Medicine, Research & Experimental).

9.2 Other articles published in peer-reviewed journals

22. MORERA, H., P. DAVE, S. ALAHMARI, Y. KOLINKO, et al. MIMO
YOLO — A Multiple Input Multiple Output Model for Automatic Cell
Counting. In 36th IEEE International Symposium on Computer-Based
Medical Systems (CBMS). LAquila, ITALY, 2023, p. 827-831. DOI:
10.1109/CBMS58004.2023.00327

23. DAVE, P., Y. KOLINKO, H. MORERA, K. ALLEN, et al. MIMO U-Net:
Efficient Cell Segmentation and Counting in Microscopy Image Sequences. /n

Conference on Medical Imaging — Digital and Computational Pathology. San
Diego, CA, 2023, vol. 12471. https://doi.org/10.1117/12.2655627

24. MORERA, H., P. DAVE, Y. KOLINKO, K. ALLEN, et al. Classification of
Global Microglia Proliferation Based on Deep Learning with Local Images. /n

Conference on Medical Imaging — Image Processing. Electr Network, 2022,
vol. 12032. https://doi.org/10.1117/12.2611581.

25. ROMASH, 1. B., V. H. MISHCHUK, I. R. ROMASH, I. O. KRASILYCH, et
al. Manifestations of excessive daytime sleepiness and ghrelin level in case of

137



The author's published works

26.

27.

28.

29.

30.

31.

9.3

32.

gastroesophageal reflux disease in patients with undifferentiated connective
tissue disease. Wiad Lek, 2022, 75(2), 344-350. PMID: 35307656.

KOTYK, T., N. TOKARUK, V. BEDEJ, M. HRYSHCHUK, et al. Multi-step
clustering approach of myelinated nerve fibers in experimental
neuromorphology. [International Journal of Ambient Computing and
Intelligence, 2021, 12(2), 73-91. https://doi.org/10.4018/1JACI1.2021040105;
Q2 (Computer Science, Theory & Methods).

KOLINKO, Y. O. The state of the conduction apparatus and microcirculatory
bed of the sciatic nerve of rats on the seventh day after general deep
hypothermia. Ukrainian Morphological Almanac, 2010, 8(2), 91-93.
(Published in Ukrainian).

LEVITSKY, V. A. AND Y. O. KOLINKO. Ultrastructural changes in nerve
fibers of the rat sciatic nerve after the influence of general deep hypothermia.
Bulletin of Morphology, 2010, 1(16), 139-142. (Published in Ukrainian).

KOLINKO, Y. O. Histo- and ultrastructural changes in the conduction apparatus

of the rat sciatic nerve after the influence of general deep hypothermia. Current
Problems in Modern Medicine: Bulletin of the Ukrainian Medical Dental
Academy, 2009, 9(4-3 (28)), 53-56. (Published in Ukrainian).

KOLINKO, Y. O. Morphometric benchmarks of myelinated fibers of the rat
sciatic nerve under normal conditions. Galician Medical Bulletin, 2009, 1, 42-
43. (Published in Ukrainian).

KOLINKO, Y. O. The state of the conduction apparatus and microcirculatory bed
of the rat sciatic nerve immediately after the influence of general deep
hypothermia. Galician Medical Bulletin, 2009, 4, 55-58. (Published in Ukrainian).

Ph.D. Thesis

KOLINKO, Y. O. Morphofunctional features of the conduction apparatus and
blood vessels of the rat sciatic nerve under normal conditions and after the
influence of general deep hypothermia. Ph.D. Thesis, 2011, 1. Horbachevsky
Ternopil National Medical University, Ternopil. (Published in Ukrainian).

138



10 Annotated work result compilation

10.1 KOLINKO, Y., K. KRAKOROVA, J. CENDELIN, Z. TONAR,
M. KRALICKOVA. Microcirculation of the brain: morphological
assessment in degenerative diseases and restoration processes. Reviews
in the Neurosciences, Feb 2015, 26(1), 75-93.

IFicr2019 - 4.7
Quartile (WOS, 2019): Neurosciences - Q2

Available in: WOS:000350396700006
DOI: 10.1515/revneuro-2014-0049
PMID: 25337818

Commentary: In this work, we provide a concise overview of the critical role
brain microcirculation plays in various brain diseases, highlighting specific
characteristics and functions of brain vessels. This paper focuses on reviewing
angiogenesis processes and microcirculation changes in prevalent
neurodegenerative diseases, noting the absence of uniform vascular changes
across these conditions. Overall, this paper serves as a foundational glimpse into
the complex interplay between brain microcirculation and neurodegenerative
diseases, covering essential aspects and methodologies in this field of study.

Author's Contribution: First and corresponding author. The author conducted
the literature search and composed, and prepared the manuscript for publication.

139



Annotated works

10.2 TUMA, J., Y. KOLINKO, F. VOZEH AND J. CENDELIN Mutation-
related differences in exploratory, spatial, and depressive-like behavior
in pcd and Lurcher cerebellar mutant mice. Frontiers in Behavioral
Neuroscience, May 2015, 9.

IF;cRr2019 - 3.6

Quartile (WOS, 2019): Neurosciences — Q3
Behavioral Sciences — Q2

Available in: WOS:000354572300001
DOI: 10.3389/fnbeh.2015.00116
PMID: 26029065

Commentary: In this publication, we compared spatial navigation, learning, and
memory in two prevalent cerebellar mutant mouse models, pcd and Lurcher,
shedding light on their behavioral differences. To ensure the accuracy of our
assessments, it was important to confirm that retinal degeneration may not impact
the outcomes of our behavioral tests.

Author's Contribution: Coauthorship. The author performed the stereology
analyses of the retina, and the data analysis and contributed to the literature
searches and the design and writing of the manuscript.
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10.3 TUMA, J., Y. KOLINKO, D. JELINKOVA, P. HILBER, AND
J. CENDELIN Impaired spatial performance in cerebellar-deficient
Lurcher mice is not associated with their abnormal stress response.
Neurobiology of Learning and Memory, Apr 2017, 140, 62-70.

IF;cr2019 - 2.8

Quartile (WOS, 2019): Neurosciences — Q3
Behavioral Sciences; Psychology; Multidisciplinary — Q2

Available in: WOS:000398646700008
DOI: 10.1016/j.nlm.2017.02.009
PMID: 28213063

Commentary: This study delved into how cerebellar-related stress responses
affect spatial learning and memory in Lurcher mutant mice. These mice exhibited
an increased stress response, reflected by elevated corticosterone levels and
adrenal gland changes. Increased levels of stress hormones potentially trigger
vascular spasms, including those in brain vessels, impacting local metabolism.

Author's Contribution: Coauthorship. The author performed the stereology
analyses of the adrenal glands and the data analysis and contributed to the
literature searches and the design and writing of the manuscript.
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10.4 Stereology investigations of microvessels in mouse models
associated with cerebellar degeneration

10.4.1 KOLINKO, Y., J. CENDELIN, M. KRALICKOVA AND Z. TONAR
Smaller absolute quantities but greater relative densities of microvessels
are associated with cerebellar degeneration in lurcher mice. Frontiers in
Neuroanatomy, Apr 2016, 10.
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Available in: WOS:000374307000001
DOI: 10.3389/fnana.2016.00035
PMID: 27147979

Commentary: This study compared vascular differences in the cerebellar
components and midbrain of WT and Lc mutant mice, highlighting distinct
patterns. Lc mice exhibit reduced vascularity in the cortex with lower overall
microvessel density. This detailed mapping approach offers valuable insights into
neurodegeneration in mouse models, aiding future studies on similar conditions.

Author's Contribution: First and corresponding author. The author performed
the stereology investigation and data analysis, conducted the literature search and
composed and prepared the manuscript for publication.
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10.4.2 KOLINKO, Y., M. KRALICKOVA AND J. CENDELIN Reduction of
microvessel number and length in the cerebellum of Purkinje cell
degeneration mice. Cerebellum, Apr 2023, 1-8.
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Quartile (WOS, 2019): Neurosciences — Q2.

Available in: ://W0S:000971502100001; DOI: 10.1007/s12311-023-01556-
y; PMID: 37071329.

Commentary: In this study, we investigated vascular changes in the cerebellum
of WT and Purkinje cell degeneration (pcd) mutant mice. Additionally, this work
is similar to the previous one but was carried out on a different model of hereditary
cerebellar degeneration. The findings indicate substantial reductions in cerebellar
volume and microvessel parameters in pcd mice compared to those in control
mice. This specific correlation between cerebellar degeneration and a diminished
microvascular network differs from the relationship observed in Lc mice.

Author's Contribution: First and corresponding author. The author performed
the stereology investigation and data analysis, conducted the literature search and
composed and prepared the manuscript for publication.
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10.5 Embryonic graft morphology and distribution in selected
models of cerebellar degeneration

10.5.1 CENDELIN, J., Z. PURKARTOVA, J. KUBIK, E. ULBRICHT,
F. TICHANEK, AND Y. KOLINKO Long-term development of

embryonic cerebellar grafts in two strains of Lurcher mice. Cerebellum,
Aug 2018, 17(4), 428-437.

IFicr2019 - 3.7
Quartile (WOS, 2019): Neurosciences — Q2.

Available in: WOS:000437113000005
DOI: 10.1007/s12311-018-0928-3
PMID: 29450804

Commentary: In this study, we delve into the potential of neurotransplantation
as a therapeutic avenue for degenerative cerebellar diseases. The findings reveal
intriguing insights: while graft survival was successful, challenges in graft
integration in the cerebellum occurred in Lurcher mutant mice compared with
wild-type mice. This limitation hindered significant functional improvements.
Therefore, we believe that the peculiarities of local microvascular systems and
their correction can play a key role in therapeutic techniques in the future.

Author's Contribution: Last author. The author was responsible for the
stereology analysis, participated in the design and writing of the manuscript.
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10.5.2 PURKARTOVA, Z., F. TICHANEK, Y. KOLINKO AND
J. CENDELIN Embryonic cerebellar graft morphology differs in two

mouse models of cerebellar degeneration. Cerebellum, Oct 2019, 18(5),
855-865.

IFicr2019 - 3.7
Quartile (WOS, 2019): Neurosciences — Q2

Available in: WOS:000487811100004
DOI: 10.1007/s12311-019-01067-9
PMID: 31418135

Commentary: In this paper, we continued our exploration of
neurotransplantation therapy for cerebellar diseases, emphasizing the
complexities of graft integration in mice with various types of cerebellar
degeneration. Although graft survival was successful in both mutant and wild-
type mice, the distinctive patterns of graft integration, particularly in pcd mice,
highlighted a direct correlation between capillary network density and fiber
sprouting intensity during graft germination. This finding underscores the impact
of disease-specific factors on graft fate.

Author's Contribution: Co-authorship. The author was responsible for the
stereology analysis, participated in the design and writing of the manuscript.
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10.6 KOLINKO,Y., L. MARSALOVA, S.P. PENA, M. KRALICKOVA,
AND P. R. MOUTON Stereological changes in microvascular

parameters in hippocampus of a transgenic rat model of Alzheimer's
disease. Journal of Alzheimers Disease, 2021, 84(1), 249-260.
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Available in: WOS:000722639900020
DOI: 10.3233/JAD-210738
PMID: 34542078

Commentary: This study delves into quantifying microvessel changes in the
hippocampus of transgenic (Tg) rats modeling Alzheimer's disease (AD)
compared to non-Tg littermates. Notably, compared with non-Tg rats, Tg rats
exhibit unique microvascular alterations near AP plaques, indicating a disruption
in microanatomy. These findings reveal significant changes in microvessel
parameters, emphasizing the potential for stereology-based analyses to pave the
way for innovative AD protection and therapeutic strategies.

An added contribution of this research lies in comparing the secondary
microvascular changes observed in the AD model mice with the alterations
observed in microvessels in pcd and Lc mice. These indirect comparisons imply
that changes in the microvascular bed of PCD mice are more akin to secondary
changes, while alterations in the capillary network in Lc mice are likely to be

primary.

Author's Contribution: First and corresponding author. The author performed
the stereology investigation and data analysis, conducted the literature search and
composed and prepared the manuscript for publication.
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10.7 KOLINKO, Y., M. KRALICKOVA AND Z. TONAR The impact of
pericytes on the brain and approaches for their morphological analysis.
Journal of Chemical Neuroanatomy, Sep 2018, 91, 35-45.
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Available in: WOS:000439400700005
DOI: 10.1016/j.jchemneu.2018.04.003
PMID: 29678665

Commentary: This paper focuses on the roles of brain pericytes in normal brain
function, neurodegenerative diseases, and tumorigenesis. The findings of these
studies emphasize the intricate involvement of pericytes in the neurovascular unit
and outline methods for studying pericyte changes qualitatively and
quantitatively. The work performed in this article contributes to a better
interpretation of the conclusions of previous studies and defines potential
directions for further research.

Author's Contribution: First and corresponding author. The author conducted
the literature search and composed and prepared the manuscript for publication.
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10.8 KOLINKO, Y., A. MALECKOVA, P. KOCHOVA,
M. GRAJCIAROVA, T. BLASSOVA, T. KURAL, A. TRAILIN,
L. CERVENKOVA, J.HAVRANKOVA, L, VISTEINOVA,
P. TONAROVA, V. MOULISOVA, M. JIRIK, A. ZAVADAKOVA,
F. TICHANEK, V. LISKA, M. KRALICKOVA, K. WITTER AND
Z. TONAR Using virtual microscopy for the development of sampling
strategies in quantitative histology and design-based stereology.
Anatomia Histologia Embryologia, Jan 2022, 51(1), 3-22.
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Available in: WOS:000720838900001
DOI: 10.1111/ahe.12765
PMID: 34806204

Commentary: This study explores unbiased sampling strategies in histology and
the use of virtual microscopy for quantification methods. The author covers
practical examples across various histological fields, showcasing techniques from
tissue structure assessment to cellular quantification. Emphasizing the importance
of systematic uniform random sampling, this paper discusses the pros and cons of
using virtual sections for accurate analysis.

Author Contribution: First author. The author provided technical support
consulted other co-authors, and participated in the design and writing of the
manuscript.
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