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Mast Cells and Capillary Rarefaction in Hypertensive
Nephropathy - A Potential ‘Double-Faced’ Role?
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SUMMARY: Hypertension often leads to hypertensive nephropathy, characterized by nephrosclerosis and capillary rarefaction.
Mast cells, tissue-resident immune cells, are implicated due to their perivascular location and release of bioactive, sullitgaracssilar
endothelial growth factor (VEGF) plays a complex role in renal health and angiogenesis. The aim of the present studyyzeshaagas
in mast cell number (MCN), VEGF expression and capillary density (CD) in two stages of hypertension-induced kidney irjanpared c
them to normotensive controls. Herein, we used spontaneously hypertensive rats (SHR) at 6 and 12 months of age andreyeaotattsied
Wistar rats (WR). Kidney tissues were analyzed for mast cell tryptase, CD117 and VEGF using immunohistochemical expression and
subsequent semiquantitative analysis for VEGF immunoreactivity and capillary density was quantified. Data were assasabyl statist
through the Mann-Whitney method. We reported a significantly higher MCN and lower CD in both 6- and 12-month-old SHR compared t
controls. VEGF expression was highest in 6-month-old SHR and lowest in 12-month-old SHR. Our results suggest thatitveasgahi
MCN and elevated VEGF in early hypertension might be a compensatory angiogenic response to developing capillary rarefaggon. Ho
in advanced stages, despite high MCN, depleted VEGF expression indicates the failure of this mechanism. Mast cells nteytaontribu
capillary loss indirectly by promoting fibrosis and inflammation, which degrades the local microenvironment, overwhelmpogetHigst
pro-angiogenic capacity. These findings underscore the pivotal, albeit complex role of mast cells in the pathology oiveypeptiercpathy.
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INTRODUCTION

Worldwide, hypertension remains a major factor for Mast cells are tissue-resident immune cells,
morbidity, targeting a variety of organs and systems ardiginating from multipotent progenitor myeloid cells
causing significant health and economic challenges @tlao(Stanchewet al, 2020). After their maturation, mast cells
al., 2024). In regard to that, hypertensive nephropatt®an be located in various organs, including kidney, often
remains a serious challenge globally and it is one of the mé@rund in close proximity to vessels. This perivascular
factors for chronic kidney disease progression to end-stageation positions them ideally to sense and react to
renal disease (ESRD) (Costantired al., 2021). hemodynamic changes, especially relevant under
Hypertension-induced renal injury leads to a continuous loBypertensive conditions (Waegal, 2024). While mast cell
of nephrons and changes in the tubulointerstitiuniijumber (MCN) is relatively low under normal physiological
development of nephrosclerosis and reduced capillagpnditions, it is known that under pathological conditions,
density with prominent vasoconstriction in both the cortefacluding hypertensive nephropathy, it increases notably,
and the medulla of the kidney (Costantetal, 2021). highlighting their importance (Welket al, 2008; Stanchev
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et al, 2020). The biological effect of mast cells is baseblood pressure, are comparable to those in humans, making
upon the extensive spectrum of bioactive substances fouhis strain particularly suitable for this study (Hultstrém,
inside their granules, including tryptase, chymase and rerif12).
which confer potent profibrotic role to mast cells
(Veerappart al, 2012). CD117, also known as KIT proto- As outlined above, VEGF serves as a primary
oncogene receptor tyrosine kinase (c-Kit), is a type Itegulator of angiogenesis and is directly connected to mast
transmembrane receptor expressed by resident regalls, which produce it and react to it. The exact changes in
progenitors, differentiated tubular epithelial cells, antMCN, VEGF expression and supposed capillary rarefaction
infiltrating mast cells (Gomest al, 2018). While it over the course of development of hypertensive
mediates reduced apoptosis and promotes tissue repair aaghropathy, however, have not been fully elucidated.
functional recovery in resident renal cells, CD117 playsEherefore, the aim of the present study was to analyze
pro-inflammatory and pro-fibrotic role in mast cells (Gomeshanges in MCN, VEGF expression and capillary density
et al, 2018). in two stages of hypertension-induced kidney injury and
compare them to normotensive Wistar rats (WR) as controls.

Vascular endothelial growth factor-A (VEGF-A),
often referred to in the literature and herein simply as VEGMATERIAL AND METHOD
is the primary pro-angiogenic factor which plays a crucial
role in both physiological and pathological conditionsExperimental animals.For the present study, we used two
hypertensive nephropathy where renal VEGF expressiage groups of SHR - 6-month-old, representative of early
is significantly higher (Advanet al, 2007). As shown established hypertension, and 12-month-old, representative
previously, this upregulation becomes depleted at latef advanced hypertension (Hultstrdm, 2012). As controls
stages of hypertension-induced kidney injury (Stanehevwe used age-matched normotensive WR. The animals were
al., 2023). VEGF-A is crucial for the preservation of thehosen randomly from a large population of SHR and WR,
fenestrated endothelium of glomerular capillaries and the&spectively, available at the Laboratory of the Department
repair following injury (Advaniet al, 2007). The main of Anatomy, Histology and Embryology at the Medical
sources of VEGF in the kidney include podocytes andniversity of Sofia, Bulgaria. Each group consisted of six
epithelial cells of distal tubules, proximal tubules andnale rats. The rats were housed in Macrolon cagesiat 22
collecting ducts (Advaret al, 2007). Additionally, VEGF 1 °C and 55+ 15 % humidity with 12 h light/12 h dark
release by mast cells has also been reported, suggestingyate. All animals were allowed free access to food and
important interplay under hypertensive conditions (McHaltap water. We measured systolic and diastolic blood pressure
et al, 2019). Furthermore, mast cells appear to convergsing the tail-cuff method with a Model MK-2000ST device
to areas with higher levels of VEGF which creates a unig@®luromachi Kikai Co., Ltd., Tokyo, Japan). All animal
feedback where stronger VEGF production leads to highexperiments were carried out in accordance with Directive
mast cell counts, which release and further increase 1028110/63/EU of the European Parliament and of the Council
VEGF levels (McHaleet al, 2019). on protecting animals used for scientific purposes and was

approved by the Bulgarian Food Safety Agency (Approval

Capillary rarefaction is one of the hallmarks ofProtocol No. 311 of 29 July 2021).
hypertensive nephropathy strongly associated with the
development of interstitial fibrosis (Kida, 2020). Reducedissue preparation. Rats were anesthetized with an
capillary density in the context of the hypertensive kidnewmtraperitoneal (i.p.) injection of 40 mg/kg Thiopental
leads to hypoxia which further deteriorates kidney injurySigma Aldrich Chemie GmbH, Taufkirchen, Germany) in
reduces its regenerative capacity and promotes fibro€i9)5 M Tris-HCI buffer (pH 7.6). After opening the thorax,
(Afsar et al, 2018). It has been reported that capillara transcardial perfusion was performed using 4 % (w/v)
rarefaction can be detected before any fibrotic changparaformaldehyde in 0.1 M phosphate buffer (pH 7.2). The
occur in the kidney implying potential prognostic valukidneys were then quickly excised, rinsed in oxygenated
(Afsaret al,, 2018). Also, capillary density can be used aghysiological saline, and fixed for a minimum of 24 h in
a quantitative parameter in the assessment of developit® % neutral phosphate-buffered formalin. After removal
and deteriorating fibrosis (lliest al, 2024). of the renal capsule, they were bisected along their

longitudinal axis as described previously (Stanabtead,

The spontaneously hypertensive rat (SHR) is a welt020). Following the described methodology, the kidney
established animal model for essential hypertensiaiides underwent standard processing for routine light
(Hultstrém, 2012). Furthermore, the pathological changesicroscopic examination as previously described
in the kidneys of these rats, which result from increas€@tameno\et al., 2022).
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Immunohistochemistry. We conducted an immuno Statistical analysis.The obtained quantitative data were
histochemical study using the heat-induced epitope retriealalyzed using the SPSS software package (IBM Corp.,
technique following the methodology described (Stamendrmonk, NY). Data distribution was not normal, as assessed
etal, 2022; Gaydarskit al, 2024). The following antibodies through the Kolmogorov-Smirnov test. The Mann-Whitney
were used: nonparametric test was then used to test for statistically
significant differences between MCN in 6-month-old SHR
1. a mouse monoclonal anti-VEGF-A IgG antibody (Santand age-matched controls; MCN in 12-month-old SHR and
Cruz Biotechnology Catalog No. sc-7269, Santa Criage-matched controls; CD in 6-month-old SHR and age-
Biotechnology, Inc., Heidelberg, Germany) at anatched controls and CD in 12-month-old SHR and age-
concentration of 1:250; matched controls. In all statistical tests, we employed a
2. amouse monoclonal anti-mast cell tryptase IgG antibodiandard level of significance a (p-value = 0.05). Values of
(Santa Cruz Biotechnology Catalog No. sc-59587, Sanes 0.05 were considered statistically significant.
Cruz Biotechnology, Inc., Heidelberg, Germany) at
concentration 1:100; RESULTS
3. arabbit polyclonal anti-c-kit IgG antibody (Dako Catalo

No. A4502, Dako, Glostrup, Denmark) at concentratio lood pressure measurementThe mean values of the
1:400. systolic and diastolic pressure of all examined animals are

presented in Table I.

All other steps and procedures followed thechanges in MCN and CD in SHRvs. WR. In both
standardized protocol described in a previous study Bypertensive and normotensive models, mast cells were
Stamenovet al (2022) and Gaydarskt al (2024). found on slides stained for tryptase and CD117 as either

single cells or groups of cells. They were observed as oval
Semiquantitative analysis Semiquantitative analysis of the or jrregularly shaped cells with intensively stained
immunohistochemical expression of VEGF was conductedtoplasmic granules in the periglomerular and peritubular
following the standardized procedure outlined in ouihterstitial tissue of the renal cortex (Figs. 1 and 2). A
previous study (Stancheat al, 2023), and we adhered tostatistically significant difference in MCN per high-power
the established protocol. field was reported between 6-month-old SHR and their

respective age-matched normotensive controls, regardless
Morphometric analysis of MCN and CD.In accordance with of the staining method used for visualization (tryptase or
the previously standardized protocol, we evaluated MCN usigD117) (Table II; Fig. 3). A similar tendency was noted in
tryptase-stained and CD117-stained slides (Stanehe¥,  12-month-old hypertensive animals when compared to age-
2020). Haematoxylin and eosin-stained slides from eaghatched WR (Table IIl; Fig. 3). Interestingly, in 12-month-
animal were used to evaluate the CD following the previouspid SHR, all randomly examined high-power fields contained
described protocol (llieet al, 2023). at least one mast cell and as many as three per field.

Table I. Mean systolic and mean diastolic blood pressure (mmHg) of 6- and 12-
month-old spontaneously hypertensive rats (SHR) and age-matched normotensive
Wistar rats (WR).

Age group Mean systolic blood pressure  Mean diastolic blood
(mmHg) + SD pressure (mmHg) + SD
6-month-old SHR 1801 +25 1112 +4.2
6-month-old WR 111 +33 759 + 3.6
12-month-old SHR 1992 £23 1241 +£38
12-month-old WR 125+ 45 84.6 +3.3

SD - standard deviation.

Table Il. Descriptive statistics for the parameters capillary density (CD) per high-power field on hematoxylin and ecdiglidesne

and mast cells number (MCN) per high-power field on slides immunohistochemically stained for tryptase and CD117 in the renal

cortex of 6-month-old spontaneously hypertensive rats (SHR) and age-matched normotensive Wistar rats (WR).
6-month-old SHR 6-month-old WR

Parameter N Mean Median SD Min Max Mean Median SD Min Max p-value
CD 600 182 18 52 9 27 23.9 25 50 23 33 p<0.001
MCN tryptase 600 0.72 1 08 0 2 0.34 0 05 0 1 p<0.001
MCN CD117 600 0.69 0 08 0 2 0.28 0 05 0 1 p<0.001

N — number of high-power fields; SD — standard deviation.
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y with anti-tryptase antibody. A) renal
cortex (RC) of 6-month-old spontaneously hypertensive rat (SHR). B) RC of 6-month-old Wistar rat (WR). C)
RC of 12-month-old SHR. D) RC of 12-month-old WR. Scale bars in all panelgim20
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Fig. 2. Mast cells in the kidney of rats stained immunohistochemically with anti-c-Kit antibody. A) renal cortex
(RC) of 6-month-old spontaneously hypertensive rat (SHR). B) RC of 6-month-old Wistar rat (WR). C) RC of
12-month-old SHR. D) RC of 12-month-old WR. Scale bars in all panelg:m20
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Table Ill. Descriptive statistics for the parameters capillary density (CD) per high-power field on hematoxylin and eedisigtam
and mast cells number (MCN) per high-power field on slides immunohistochemically stained for tryptase and CD117 in thtexenal co
of 12-month-old spontaneously hypertensive rats (SHR) and age-matched normotensive Wistar rats (WR).

Parameter N 12-month-old SHR 12-month-old WR pvalue
Mean Median SD Min Max Mean Median SD Min Max
CD 600 86 85 30 10 14 16.6 16 25 16 28 p<0.001
MCN tryptase 600 1.85 2 10 1 3 052 0 07 O 2 p<0.001
MCN CD117 600 1.79 2 10 O 3 054 0 08 O 2 p<0.001

N — number of high-power fields; SD — standard deviation.
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Fig. 3. Box and whisker plots illustrating the comparative statisticédig. 4. Box and whisker plots illustrating the comparative statistical

analysis for mast cell number (MCN) in renal cortex between @&nalysis for capillary density (CD) in renal cortex between 6- and

and 12-month-old spontaneously hypertensive rats (SHR) and ag@-month-old spontaneously hypertensive rats (SHR) and age-
matched Wistar rats (WR) using slides stained with anti-tryptageatched Wistar rats (WR) using slides stained with hematoxylin

antibody (Tryp) and anti-c-Kit antibody (CD117). and eosin.

Fig. 5. Immunohistochemical stain‘iAng for vascular ehdothelial grthh facto'rr (VEGF) in the kidney of rats. A)
renal cortex (RC) of 6-month-old spontaneously hypertensive rat (SHR). B) RC of 6-month-old Wistar rat (WR).
C) RC of 12-month-old SHR. D) RC of 12-month-old WR. Scale bars in all panels — 20 mm.
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Table IV. Semi-quantitative analysis of the intensity of immunohistochemical
staining for vascular endothelial growth factor (VEGF) in the renal cortex in
6- and 12-month-old spontaneously hypertensive rats (SHR) and age matched
normotensive Wistar rats (WR), used as control group experimental animals.

VEGF SHR WR

High-positive (3+) —37 % High-positive (3+) —0 %

6-month-old animals Positive (2+) — 39% Positive (2+) — 44%
Low-positive (1+) —22 % Low-positive (1+) — 38 %
Negative (0) — 2% Negative (0) — 18 %
High-positive (3+) —0 %  High-positive (3+) —0 %

12-month-old animals Positive (2+) — 12 % Positive (2+) — 20 %
Low-positive (1+) —50 %  Low-positive (1+) — 53 %
Negative (0) — 38% Negative (0) — 27 %

CD was highest in the group of 6-month-old WRimmunoreactivity was examined as a major driver of
where the maximum reported number of capillaries pangiogenesis and we noted higher expression in the early
high-power field was 33, with a mean of 23.9 (Table listage of hypertensive kidney injury as opposed to age-
Fig. 4). This CD was higher than the one observed in ageatched normotensive controls - a difference, which was
matched SHR and the difference was statisticallyot reported in advanced hypertensive kidney injury when
significant. Furthermore, the mean CD of 12-month-oldompared to the respective age group of WR.
hypertensive models was the lowest recorded in all four
age groups at 8.6 capillaries per high-power field and was A consistent finding across studies of both human
significantly lower than the value reported in age-matchdd/pertensive nephropathy and various experimental animal
WR (Table IllI; Fig. 4). models of kidney disease is a notable increase in MCN within

the renal tissue (Welkett al, 2008). In a study examining
Changes in VEGF expression in SHR/s. WR. VEGF kidney tissue from middle-aged individuals with primary
immunoreactivity in the renal cortex was observed in thessential hypertension, the renal mast cell count was found
cytoplasm of cells lining the walls of proximal and distato be approximately fivefold higher than in age-matched
tubules, as well as mesangial cells in the glomerular bodiesrmotensive controls, indicating a significant accumulation
(Fig. 5). The semi-quantitative assessment of stainirgf these cells in the hypertensive renal microenvironment
intensity is reported in Table IV. In general, VEGF expressiaiwelker et al, 2008). Furthermore, the extent of mast cell
was highest in 6-month-old SHR where three-quarters offiltration often shows a positive correlation with the
the examined fields were either high-positive or positive. Iseverity of tubulointerstitial injury and the overall rate of
contrast, in age-matched WR, more than 80 % of the fieldsnal disease progression, suggesting that the presence of
were read as either positive or low-positive but no fielddhese cells is linked to the extent of kidney damage (Santos
were read as high-positive. This trend, however, was reversetdl,, 2020). SCF observed in human hypertensive kidneys
in 12-month-old models, where no high-positive fields werprovides a potential mechanistic basis for this increased mast
reported in SHR and WR alike. In both groups, half the field=ll presence (Welket al.,, 2008). SCF is a critical cytokine
showed low-positive staining intensity, however, in SHRfor mast cell growth, differentiation, survival, and migration,
38 % of fields were read as negative, which was down to 2¢éting through its receptor c-Kit (CD117), which is expressed
% in the group of 12-month-old normotensive animalggn mast cells (Wangt al, 2024). While an array of cells,
suggesting that VEGF expression was lowest in SHR withcluding fibroblasts, endothelial cells and tumor cells may

advanced hypertensive kidney injury. release SCF, it has been reported that mast cells themselves
may produce it and therefore engage in local autocrine
DISCUSSION regulation (Bradding & Pejler, 2018). The marked increase

in SCF expression within the hypertensive renal tissue

The present study aimed at investigating the changssggests an active recruitment and/or local proliferation
in MCN in the context of well-studied capillary rarefactionprocess, rather than merely a passive accumulation of these
in experimental models of two stages of hypertensive kidneglls. This implies a sustained signaling environment within
injury (established vs advanced). We reported a statisticatlye diseased kidney that actively promotes and supports an
significant increase in MCN coupled with a statisticalllexpanded mast cell population, highlighting the SCF/c-Kit
significant decrease in CD in both groups of SHRas opposaxis as a potential therapeutic target for limiting naesit
to age-matched normotensive WR. In addition, VEGRumbers in hypertensive nephropathy.
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Mast cells have emerged as critical players in thmicrovasculature integrity (Dimket al.,, 2015).
intricate process of renal fibrogenesis (Veerapptal, Nevertheless, direct evidence demonstrating that renal mast
2012). Their contribution is mediated by a number of secretedlls are a quantitatively significant source of VEGF or other
products that can influence virtually every step of the fibrotkey angiogenic factors specifically within the
cascade, from initiating inflammation to activatingmicroenvironment of the hypertensive kidney in animal
fibroblasts and promoting collagen deposition in thenodels is not strongly presented in the available literature.
extracellular matrix (ECM). Tryptase is the most abundatithough mast cells possess the enzymatic machinery to
enzyme stored in mast cell granules and is a key mediatopobduce VEGF, their specific quantitative contribution to
their pro-fibrotic effects (Wangt al,, 2024). Upon release, the overall VEGF milieu within the hypertensive kidney,
tryptase can exert multiple actions that favor ECMelative to other well-established renal sources of VEGF
accumulation. It has been shown to stimulate the proliferatigguch as podocytes, tubular epithelial cells, or even
of fibroblasts through FGF-2, increase their synthesis offiltrating macrophages), is not well elucidated in the current
collagen and other ECM proteins, and promote theliterature. It is plausible that mast cells contribute to renal
differentiation into myofibroblasts, the principal effecto?’VEGF levels indirectly. For example, pro-inflammatory
cells in fibrosis (Stanchest al, 2020; Wanget al, 2024). mediators released from activated mast cells (e.g. tumor
Tryptase can also enhance the production of interleukinr@crosis factor-alpha or IL-6) could stimulate resident renal
(IL-6) by fibroblasts, a cytokine with pro-inflammatory andcells or other infiltrating immune cells to upregulate their
potentially pro-fibrotic properties, and can directly activatewn VEGF production. Conversely, a chronic inflammatory
latent transforming growth factor beta (TGF-b) to itenvironment heavily influenced by mast cells might also
biologically active form (Santost al, 2020). Chymase, dysregulate normal VEGF signaling pathways (ldaal,
another prominent mast cell protease, exhibits a compl2g24). The lack of strong, direct evidence from hypertensive
and sometimes paradoxical role in tissue remodeling akitiney models points to a potential knowledge gap: either
fibrosis. It converts angiotensin | to angiotensin Il, therebthe role of mast cell-derived VEGF in this specific renal
promoting its pro-fibrotic effects and can also directlontextis minor, highly dependent on specific circumstances
activate latent TGF-b, further amplifying the fibrotic cascadeot yet identified, or it remains an under-investigated area.
(Haoet al, 2024). On the other hand, chymase can degrade
certain ECM components, such as fibronectin, and activate In the context of the present study, the higher MCN
matrix metalloproteinases (MMPs) (Waeital, 2024). This  in 6-month-old SHR compared to age-matched normotensive
suggests that chymase might, under specific circumstancé&R, coupled with a stronger VEGF expression, may indicate
contribute to matrix remodeling in a way that limits excessivihat in early hypertension-induced kidney injury, mast cells
scar formation. This ‘double-edged sword’ nature means thagy promote angiogenesis as a compensatory mechanism
the net effect of chymase on renal fibrosis likely depends éor imminent capillary rarefaction with the onset of more
the balance of its various substrates in the loc@tonounced interstitial fibrosis. This mechanism, however,
microenvironment, the stage of the disease, and the preseapeared to be depleted at the stage of advanced hypertensive
of other regulatory factors (Warg al, 2024). damage (12-month-old SHR), where VEGF expression was

lowest despite the higher MCN. It is plausible that other

Mast cells are also known to possess a repertoire mblecular cascades, including the apelin/apelin receptor
mediators that can influence vascular growth anpathway and neuronal nitric oxide synthase (hnNOS)-derived
remodeling. Studies primarily in cardiac tissue have showaoduction of nitric oxide (NO), may act as compensatory
that mast cells can produce and release VEGF-A, a keechanisms at that point with the ultimate goal of restoring
angiogenic factor, and VEGF-C, the principaWEGF production (Gaydarslét al, 2024). On the other
lymphangiogenic mediator (Pott al, 2024). In the hand, considering the ‘double-edged sword’ nature of mast
hypertensive myocardium, cardiac mast cells have beealls in the hypertensive kidney, one could hypothesize that
implicated in releasing VEGF and FGF-2, both of whiclthe increase in MCN promotes further local inflammation
promote the process of angiogenesis (Katbal, 2020; and fibrosis which ultimately depletes other major sources
Potoet al, 2024). However, it is crucial to note that muchof VEGF such as podocytes and tubular epithelial cells. This
of the evidence comes from non-renal tissues or frotheory would be in line with our earlier findings of positive
contexts other than hypertensive kidney disease (Corréarrelations between MCN and markers of kidney injury,
Rasseleet al, 2025). The promotion of VEGF-A synthesissuch as the glomerular sclerosis index and tubulointerstitial
in the kidney of SHR appears to have a renoprotective effet@mage index (Stanchet al., 2020).
owing to a reduced inflammatory cell infiltration in the
tubulointerstitium, preservation of the normal morphology A common pathological feature of progressive
of the glomerular filtration barrier and maintenance of renalypertensive nephropathy is capillary rarefaction - a
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reduction in the density of peritubular and sometimeSONCLUSIONS

glomerular capillaries (Gaydarskt al, 2025). Several

indirect mechanisms could link mast cell activity to capillary The present study reported a statistically significant
rarefaction. Firstly, mast cell-driven fibrosis can lead to thieigher MCN in SHR compared to age-matched normotensive
compression and eventual obliteration of capillaries as tieentrols which mirrored the observed decrease in CD.
interstitial space becomes overloaded with ECM. Secondfghanges in VEGF expression were somewhat less
mast cell-derived mediators, particularly angiotensin ltraightforward and suggest that in early hypertension-
generated via mast cell renin and chymase can causduced kidney injury, its elevated levels aim to compensate
sustained vasoconstriction of renal arterioles and potentiaftyr capillary rarefaction. Based on earlier findings, it can be
peritubular capillaries (Veerappaat al, 2012). Chronic suggested that mast cells contribute to the loss of capillaries
hypoperfusion resulting from such vasoconstriction can ledldrough several pathogenic mechanisms but as shown in
to endothelial cell injury, apoptosis, and eventual capillamgther tissue, may also ultimately be a source of VEGF, thus
dropout. Thirdly, the chronic inflammatory state perpetuatqatomoting angiogenesis and exhibiting renoprotective
by mast cells can lead to endothelial dysfunction, impairirfgnctions. These results highlight that mast cells are emerging
the ability of endothelial cells to survive, proliferate, ands pivotal players in the complex pathobiology of
form stable capillaries. Thus, despite their capacity toypertensive kidney disease, primarily by fueling
produce some angiogenic factors, the dominant provflammation and driving renal fibrosis. While their direct
inflammatory and pro-fibrotic actions of mast cells in thémpact on renal VEGF and capillary dynamics requires more
hypertensive kidney might create a microenvironment th&dcused investigation, their established pro-fibrotic roles
is hostile to endothelial cell survival and normamake them compelling therapeutic targets. Addressing the
angiogenesis, thereby contributing indirectly to capillarydentified knowledge gaps through rigorous future research
rarefaction. This loss of microvasculature is detrimental, agll be essential to fully harness the potential of modulating
it exacerbates renal hypoxia, promotes inflammation, amdast cell activity for the prevention and treatment of
contributes significantly to the progression of interstitiahypertensive nephropathy.

fibrosis and loss of renal function (Liu, 2011). Furthermore,

peritubular capillary rarefaction contributes to theACKNOWLEDGMENTS. This research is supported by
development of hypertensive nephrosclerosis and showsha Bulgarian Ministry of Education and Science under the
positive correlation with the severity of tubulointerstitialNational Program “Young Scientists and Postdoctoral
injury (Kidaet al, 2020). These findings suggest a potentigbtudents - 2.

‘vicious cycle’ in which mast cells may very well play a

‘double-faced role’ as either an ‘unsung hero’ withsTANCHEV, S.: ILIEV, A.: STAMENOV, N.: GAYDARSKI,
compensatory renoprotective impact through promotion of: PETROVA, K.: LANDZHOV, B.; KIRKOV, V.; IVANOVA,
angiogenesis or the ‘chief villain’ orchestrating the/; DIKOV, T.; ERMENCHEVA, P. & KOTOV, G. Mastocitos

progression of kidney damage through capillary rarefactiofrarefaccion capilar en la nefropatia hipertensiva: ¢,un posible papel
and promotion of renal fibrosis. doble?Int. Morphol., 43(6)1964-1972, 2025.

There were several limitations to the present study. RESUMEN: La hipertension a menudo conduce a la
First, we did not establish a direct causal link between tﬁ@fropatla hipertensiva, caracterizada por nefroesclerosis y
increase in MCN and the reported parallel decrease in CBrefaccién capilar. Los mastaocitos, células inmunitarias residentes

Therefore. these two events mav not be directly relate n los tejidos, estan implicados debido a su ubicacién perivascular
! y y 1a liberacion de sustancias bioactivas, mientras que el factor de

however' as I.mplled abovg, mast cells are ak?'e to |r.1d|recl: Yecimiento endotelial vascular (VEGF) desempefia un papel
influence capillary rarefaction through promotion of fibrosigomplejo en la salud renal y la angiogénesis. El objetivo del presente
and alteration of VEGF synthesis. Second, as outlined abowgtudio fue analizar los cambios en el niimero de mastocitos (MCN),
mast cells are not the only source of VEGF in the kidney amlexpresion de VEGF y la densidad capilar (CD) en dos etapas de
therefore changes in VEGF expression may not be sold#y lesion renal inducida por hipertension y compararlos con
attributed to mast cell function. Third, VEGF immunoreactivitgontroles normotensos. En este estudio utilizamos ratas
was assessed semi-quantitatively and despite the useSgfontaneamente hipertensas (SHR) a los 6y 12 meses de edad y
dedicated software is subject to bias. Fourth, our observatidfias Wistar normotensas (WR) de la misma edad. Los tejidos

. . - . renales se analizaron para triptasa de mastocitos, CD117 y VEGF
on hypertensive kidney injury were confined to the renal cort

d should b lated h | dull FHediante expresion inmunohistoquimica y analisis semicuantitativo
and should not be extrapolated to the renal medulla. Last li?)lé"sterior para inmunorreactividad de VEGF y se cuantifico la

not least, the species-specific unipapillar structure of the I@nsidad capilar. Los datos se evaluaron estadisticamente a través
kidney does not allow for a clear extrapolation of the presegé| método de Mann-Whitney. Informamos un MCN
results to the multipapillanuman kidney. significativamente mayor y una CD menor en SHR de 6 y 12 meses

1971



STANCHEYV, S.; ILIEV, A.; STAMENOV, N.; GAYDARSKI, L; PETROVA, K.; LANDZHOV, B.; KIRKOV, V.; IVANOVA, V.; DIKOV, T.; ERMENCHEVA, P. & KOTOV, G. Mast cells and
capillary rarefaction in hypertensive nephropathy - a potential ‘double-faced’ irtie?. Morphol., 43(6)11964-1972, 2025.

de edad en comparacion con los controles. La expresion de VEBH, A.; Gaydarski, L.; Kotov, G.; Landzhov, B.; Kirkov, V. & Stancheyv,
fue mas alta en SHR de 6 meses de edad y mas baja en SHR de. The vascular footprint in cardiac homeostasis and hypertensive
12 meses de edad. Nuestros resultados sugieren que el aumentaeart disease: a link between apelin receptor, vascular endothelial
inicial de MCN y la elevacién de VEGF en la hipertensién growth factor, and neuronal nitric oxide syntha8eat. Rec.

) o . oboken), 307(113548-63, 2024.
temprana podria ser una respuesta angiogénica compensatorjagl o "« orov G.: Stamenov, N.: Landzhov, B.: Kirkov, V.: Gaydarski,

desarrollo de rarefaccion capilar. Sin embar.g’o, en etapas, g stanchev, S. Microcirculatory changes as a hallmark of aging
avanzadas, a pesar de la elevada concentracion de MCN, & the heart and kidneint. J. Morphol., 41(2833-42, 2023.

disminucidn de la expresion de VEGF indica la falla de estda, Y. Peritubular capillary rarefaction: an underappreciated regulator
mecanismo. Los mastocitos pueden contribuir indirectamente a of CKD progressionint. J. Mol. Sci., 21(218255, 2020.

la pérdida capilar al promover la fibrosis y la inflamacién, lo qukotov, G.; Landzhov, B.; Stamenov, N.; Stanchev, S. & lliev, A. Changes
degrada el microambiente local y sobrepasa su potencial in the number of mast _cglls,_exprgss_ion of fibr.oblast growth factor-2
capacidad proangiogénica. Estos hallazgos subrayan el papeﬁnd extent of interstitial fibrosis in established and advanced

- . ._hypertensive heart diseagen. Anat., 232151564, 2020.
fundamental, aunque complejo, de los mastocitos en la patologf& Y. Cellular and molecular mechanisms of renal fibradat. Rev.

de la nefropatia hipertensiva. Nephrol., 7(12)684-96, 2011.
McHale, C.; Mohammed, Z. & Gomez, G. Human skin-derived mast
PALABRAS CLAVE: Mastocitos; Factor de cells spontaneously secrete several angiogenesis-related factors.
crecimiento endotelial vascular (VEGF); Rifion; Rarefaccion Front. Immunol., 1445, 2019.
capilar; Hipertension. Poto, R.; Marone, G.; Galli, S. J. & Varricchi, G. Mast cells: a novel

therapeutic avenue for cardiovascular diseaSes@iovasc. Res.,

120(7)681-98, 2024.
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