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ABSTRACT

In the cases of coronary artery disease (CAD) and aortic stenosis (AS), effec-
tive treatment and prognosis can be achieved with analysis of different cardiac 
tissue markers, particularly looking at the blood vessel endothelium and local 
resistance of cardiomyocytes to the pathological process. Despite numerous 
tissue markers being considered for diagnosis, cardiomyopathies still occur at 
normal biomarker levels. This study aims to investigate additional biomarkers 
(CD34, galectin-10, ICAM-1 and VCAM-1) in the cardiac tissue of patients with 
CAD and AS. Tissue samples were obtained from the left auricula during ten 
cardiac valve surgeries; five control samples were from children – the archive 
material from the Institute of Anatomy and Anthropology at Riga Stradiņš Uni-
versity. In addition to routine staining, VCAM-1, CD34, ICAM-1, and galec-
tin-10 were detected immunohistochemically and evaluated semiquantitatively, 
followed by nonparametric statistical analysis. These findings suggest that the 
endocardial endothelium remains an active site of remodelling, as indicated by 
the upregulation of both CD34 and ICAM-1 expression. The decreased expres-
sion of CD34, ICAM-1, and VCAM-1 in the blood vessel endothelium may 
reflect endothelial dysfunction and a compromised vascular repair mechanism.
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INTRODUCTION

There is a high incidence of aortic stenosis (AS) and coronary artery disease 
(CAD) worldwide, contributing to cardiac morbidity and mortality [14]. 
Although progress is being made in understanding the molecular mechanisms 
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of these conditions, angiogenesis and the local immune response in the heart 
are some of the key processes that remain less explored, together with their 
respective biomarkers. Biomarkers play a vital role in medical diagnostics, 
and, in the case of AS and CAD, CD34 acts as an endotheliocyte progenitor 
cell marker [10]; intercellular adhesion molecule 1 (ICAM-1) and vascular cell 
adhesion molecule 1 (VCAM-1) act as endotheliocyte quality markers [26]. 
Moreover, while galectin-10 is not currently associated with cardiomyopathies, 
its role in inflammation shows potential as a valuable addition alongside bio-
markers already being explored.

CD34 is an endothelial progenitor and hematopoietic cell surface antigen 
that is most commonly expressed in capillaries, smaller arteries and veins [10]. 
Endothelial cells with CD34 tend to be more elongated and lack tight junctions 
[1], which could contribute to greater vascular permeability. With its glyco-
sylated and sialylated domains, CD34 is considered a subfamily of sialomu-
cins, which are also known to regulate cell-cell or cell-matrix adhesion [21]. 
With its presence on endothelial precursors, it plays a vital role in angiogenesis, 
either during development or after injury [21]. A study found that endothelial 
cells expressing CD34 show the ability to form new blood vessels after cardiac 
ischemia/reperfusion injury, compared with endothelial cells without CD34 
expression [32]. However, the changes in CD34 in CAD and AS are not clear. 

ICAM-1 (intercellular adhesion molecule) is a part of the immunoglobulin 
superfamily, together with antigen receptors, antigen-presenting molecules, 
cytokine receptors and others. As a cell surface glycoprotein receptor, it has an 
extracellular immunoglobulin domain, a transmembrane domain, and a short 
cytoplasmic domain [4]. It is expressed on vascular endothelial cells, epithelial 
cells and immune cells [4]; however, it also has a soluble secreted serum isoform 
[22]. ICAM-1 is known for the role of regulating the adherence of leukocytes to 
endothelial cells and promoting leukocyte migration during inflammation [26]. 
ICAM-1 regulates the levels of intracellular Ca2+ and leads to myosin contrac
tility, thus maintaining endothelial structure [3, 4]. It is also important in regu-
lating endothelial cell permeability [23]. By activating Akt (a protein kinase that 
promotes cell growth) and endothelial nitric synthase (a nitric oxide-producing 
enzyme), ICAM-1 regulates endothelial cell migration, which is crucial for areas 
where neovascularization or vascular repair is needed [4]. Moreover, it has been 
found that endothelial cell ICAM-1 recruited bone marrow-derived endothelial 
progenitor cells in ischemic hearts, contributing to angiogenesis [4, 16]. 

VCAM-1 (vascular cellular adhesion molecule) is also a part of the immuno
globulin superfamily. As a transmembrane sialoglycoprotein, it has both cell 



    Angiogenesis and local immunity tissue markers   |   39

membrane and soluble isoforms [29, 30]. VCAM-1 interacts with circulating 
leukocytes via intracellular signalling leading to endothelial junction disruption 
and leukocyte migration to injured tissue [33]. Studies have shown that a high 
level of soluble VCAM-1 is strongly associated with a future fatal cardiovascular 
event [30] as well as with ongoing acute coronary syndrome and myocardial 
infarction [30], although there is limited research analysing the cardiovascular 
event prediction value of cell membrane VCAM-1 form. 

Galectin-10 is a lectin and a cytoplasmic protein found in human eosino-
phils [28]. The presence of eosinophils and, therefore, galectin-10 indicates 
an immune response and inflammation of the tissue, as most organs do not 
possess resident eosinophils [6]. Current research does not seem to identify the 
presence of galectin-10 in the cardiac tissue of patients with cardiomyopathies. 

Angiogenesis (the formation of new blood vessels from preexisting vascu
lature) is a fundamental process of physiological remodelling and adaptation of 
tissue under stress. In the case of ischemic heart disease, this response manifests 
as a limited compensatory process of collateral circulation [31], involving the 
coordinated activity of various angiogenic growth factors, smooth muscle cells, 
endothelial cells, pericytes, fibroblasts, and the extracellular matrix [9]. Inflam-
mation, a hallmark of atherosclerosis, acts as a key trigger for angiogenesis in 
ischemic tissues by promoting the secretion of angiogenic growth factors and 
cytokines [25]. Therefore, examining tissue markers of angiogenesis in AS and 
CAD might reveal mechanisms of compensatory remodelling as well as poten-
tial therapeutic targets. 

This study aims to investigate the appearance and distribution of CD34, 
ICAM-1, VCAM-1 and galectin-10 in the cardiac tissue of patients with AS and 
CAD, with a particular focus on their roles in angiogenesis and local immune 
responses involved in cardiac remodelling. 

MATERIALS AND METHODS

The tissue samples used for this study were obtained during ten elective cardiac 
valve surgeries at Pauls Stradiņš University Hospital Surgery Centre from 2014 
to 2017. Control samples from children were obtained from the archive of the 
Institute of Anatomy and Anthropology at Riga Stradiņš University. The study 
was conducted in accordance with the 1975 Helsinki Declaration and was inde-
pendently approved by the Ethics Committee of Riga Stradiņš University, with 
approval numbers 14, dated 30.04.2015, and 29.05.2014.
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A tissue sample (approximately 2 mm² in size) was obtained from the in-
cision site for a venous cannula in the right atrium before establishing artifi-
cial blood circulation without creating any additional incision sites for tissue 
collection. 

The patients

Six patients were hospitalized with CAD (all male), and four patients were 
hospitalized with degenerative aortic valve stenosis (one male, three females). 
CAD patients’ age ranged from 52 to 80 years (with an average of 65 ± 8.6 years), 
and aortic valve stenosis patients’ age ranged from 52 to 83 years (with an aver-
age of 69 ± 10.1 years). Written informed consent was obtained from all patients 
for participation in the study.

The control group

The control samples from children, five in total, were sourced from the archives 
of the Institute of Anatomy and Anthropology at Riga Stradiņš University. 
The samples were obtained from right atrial tissue during cardiac surgeries of 
children with congenital heart diseases (Table 1). The study was conducted in 
accordance with the 1975 Helsinki Declaration and independently approved 
by the Ethics Committee of Riga Stradiņš University (2015, No. 14). Parental 
consent was obtained in each case. 

Tissue samples were collected from two girls and three boys aged from 16 
days to 14 months. 

Table 1. Information about the control group 

Control number Age Sex Diagnosis

1 16 days M Patent ductus arteriosus
Tricuspid atresia
Coronary artery fistulas 
Hypoplastic right ventricle

6 4 months M Ventricular septal defect

2 6 months F Ventricular septal defect
Patent ductus arteriosus

4 6 months F Tetralogy of Fallot

5 1 year 2 months M Ventricular septal defect

Abbreviations: male (M), female (F).



    Angiogenesis and local immunity tissue markers   |   41

Routine staining

The extracted tissue was immediately deposited into Eppendorf tubes filled with 
picric acid solution. Tissue dehydration was performed at the Laboratory of the 
Institute of Anatomy and Anthropology at Riga Stradiņš University. Afterwards, 
the tissue was embedded in paraffin and cut with a microtome into 3 µm sec-
tions. The sections were placed in a warm water bath before being transferred 
to a glass slide, dried, and prepared for staining. Prepared tissue samples were 
stained with hematoxylin and eosin [5]. 

Immunohistochemical (IHC) analysis

Immunohistochemical analysis of tissue samples from the right atrium was 
used to detect CD34, ICAM-1, VCAM-1, and galectin-10, using the standard 
streptavidin and biotin method [2].

Following rehydration, the tissue samples were rinsed with TRIS buffer 
solution (15-M106, Bio-Optica, Italy) and boiled in EDTA buffer solution 
(T0103, Diapath, Italy). Afterwards, the tissue samples were blocked with 3% 
peroxide and repeatedly rinsed with TRIS buffer solution. 

For antibody dilution, an antibody mixture was used (ab64211; Abcam, 
USA). The tissue samples were incubated with primary antibodies (Table 2), 
rinsed with TRIS buffer, subjected to HiDef DetectionTM reaction amplifi
cation (954D-31, Sigma-Aldrich, USA), rinsed with TRIS buffer solution again, 
incubated with HiDef DetectionTM  HRP Polymer Detector (954D-32, Sigma-
Aldrich, USA), and subsequently rinsed with the TRIS buffer once again. The 
samples were then stained with hematoxylin (ab143166; Abcam, USA). 

After staining, the tissue samples were rinsed with running water, dehy-
drated with increasing concentrations of ethanol solution and clarified with 
carboxylic acid and xylol. Finally, the samples were sealed with coverslips and 
marked.

Table 2. Information about the antibodies used in IHC 

Tissue factor Product code Working dilution Company Location

CD34 sc-19621 1:100 Santa Cruz Biotech-
nology Inc

Santa Cruz, CA, 
USA

ICAM-1 BBA17 1:300 R&D SYSTEMS Germany

VCAM-1 BBA19 1:200 R&D SYSTEMS Germany

Galectin-10 orb157023 1:200 Biorbyt Cambridge, UK

Abbreviations: CD34 – cluster of differentiation 34, ICAM-1 – intercellular adhesion molecule 1, VCAM-1 – 
vascular cell adhesion molecule 1. 
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Assessment of biomarker quantity in cardiac tissue samples

All samples were assessed using light microscopy, and the relative quantity of 
CD34‑, ICAM-1-, VCAM-1-, and galectin-10- positive structures in the cardiac 
tissue was determined, using the semiquantitative counting method [20]. 

The evaluation of positive structures in the visual field was performed using 
the following identifiers: 0 (no positive structure in the visual field), 0/+ (rare 
occurrence of positive structures in the visual field), + (few positive structures 
in the visual field), +/++ (few to moderate positive structures in the visual 
field), ++ (moderate number of positive structures in the visual field), ++/+++ 
(moderate to numerous positive structures in the visual field), +++ (numerous 
positive structures in the visual field), +++/++++ (numerous to abundant posi-
tive structures in the visual field), and ++++ (abundance of positive structures 
in the visual field). 

Statistical analysis

The data were statistically analysed using IBM SPSS Statistics 26.0. The results 
were considered statistically significant at a p-value less than 0.05. As the data 
obtained from semiquantitative counting were nonnumerical, nonparametric 
tests and analytical statistics were applied. The Mann-Whitney U test was used 
to detect differences in the distribution of tissue marker quantity between the 
patient and control groups. Spearman’s rank correlation, however, was used to 
determine correlations between biomarkers with the following interpretation 
of Spearman’s rho (rs) values: rs 0.00 – 0.19 (very weak positive correlation); 
rs 0.20 – 0.39 (weak positive correlation); rs 0.40 – 0.59 (moderate positive 
correlation); rs 0.60 – 0.79 (strong positive correlation); and rs 0.80 – 1.00 (very 
strong positive correlation). 

RESULTS

Pyknotic nuclei, prominent vacuolization, fibrosis, and some infiltration of 
lymphocytes were noted in the tissue samples of patients. The control samples 
presented a practically unchanged tissue appearance: myocardium with cardio-
myocytes, occasional fibroblasts and immune cells, endocardium with endothe-
lial cells and subendothelial connective tissue and epicardium with mesothelial 
cells, blood vessels and connective tissue (Figure 1).
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 (a)  (b)

Figure 1. Hematoxylin and eosin staining of patient (a) and control (b) tissue samples. Note 
the vacuolization of cardiomyocytes (arrow), ingrowth of fibrous tissue (a), and unchanged 
tissue (b). 250×. 

The distribution of CD34

The median quantity of CD34 positive structures in patient samples was few (+) 
positive structures in the endocardium endothelium only (Figure 2, Table 3). 
In the control samples, the median quantity of numerous (+++) CD34 positive 
structures in the endocardium endothelium was noted as well. 

 (a)  (b)

Figure 2. Immunohistochemistry of CD34-positive structures in control (a) and patient (b) sam-
ples. (a) Control sample with numerous positive structures in the endothelium, 250×. (b) Patient 
sample with few positive structures in the endothelium (arrow), 250×.

Table 3. Semiquantitative evaluation of CD34-positive structures in control and patient samples.

Sample group
CD34

BV CM E

Patient median 0 0 +

Control median 0 0 +++

Abbreviations: BV – blood vessel endothelium, CM – cardiomyocytes, E – endocardium endothelium. 
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Using the Mann-Whitney U test, a statistically significant difference (U = 0, 
p = 0.002) was detected in the endocardium endothelium between the control 
and patient groups. However, no statistically significant difference was found 
between the blood vessel endothelium (U = 25, p = 1) and cardiomyocytes 
(U = 25, p = 1). 

The distribution of galectin-10

The median quantity of galectin-10 positive structures in patient samples was 
none (0) positive structures in the endocardium endothelium, few (+) posi-
tive structures in the blood vessel endothelium, and moderate (++) in cardio-
myocytes (Figure 3, Table 4). In control samples, a median quantity of few (+) 
galectin-10 positive structures in the blood vessel endothelium and numerous 
to abundant (+++/++++) positive structures in cardiomyocytes were noted.

 (a)  (b)

Figure 3. Immunohistochemistry of Gal-10 positive structures in control (a) and patient (b) sam-
ples. (a) Control sample with few positive structures in the blood vessel endothelium (arrow) and 
numerous cardiomyocytes (star), 250×. (b) Patient sample with few (arrow) positive structures in 
the blood vessel endothelium and numerous (star) positive cardiomyocytes, 250×.

Table 4. Semiquantitative evaluation of Gal-10 positive structures in control and patient samples.

Sample group
Gal-10

BV CM E

Patient median + ++ 0

Control median + +++/++++ 0

Abbreviations: BV – blood vessel endothelium, CM – cardiomyocytes, E – endocardium endothelium. 

Using the Mann-Whitney U test, a statistically significant difference (U = 0, 
p = 0.002) was revealed in cardiomyocytes between the control and patient 
group. However, no statistically significant difference was found between the 
blood vessel endothelium (U = 22.5, p = 0.738) and the endocardium endo
thelium (U = 25, p = 1). 
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The distribution of ICAM-1

The median number of ICAM-1 positive structures in patient samples was 
none (0) positive structures in blood vessel endothelium or cardiomyocytes, 
but moderate (++) positive structures occurred in the endocardial endothelium 
(Figure 4, Table 5). In the control samples, a median quantity of moderate (++) 
ICAM-1 positive structures in the blood vessel endothelium and moderate (++) 
positive structures in the endocardial endothelium were noted.

 (a)  (b)

Figure 4. Immunohistochemistry of ICAM-1 positive structures in control (a) and patient 
(b)  samples. (a) Control sample with moderate positive structures in the blood vessel endo
thelium, 250×. (b) Patient sample with few positive structures in the blood vessel endothelium 
(arrow), 250×.

Table 5. Semiquantitative evaluation of ICAM-1 positive structures in control and patient 
samples.

Sample group
ICAM-1

BV CM E

Patient median 0 0 ++

Control median ++ 0 ++

Abbreviations: BV – blood vessel endothelium, CM – cardiomyocytes, E – endocardium endothelium. 

Using the Mann-Whitney U test, a statistically significant difference (U = 0, 
p = 0.001) was found in the blood vessel endothelium between the control 
and patient groups. However, no statistically significant difference was found 
between cardiomyocytes (U = 25, p = 1) and the endocardium endothelium 
(U = 22.5, p = 0.738). 
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The distribution of VCAM-1

The median number of VCAM-1 positive structures in patient samples was rare 
(0/+) positive structures in the blood vessel endothelium, and none (0) posi-
tive cardiomyocytes or endocardium endotheliocytes were detected (Figure 5, 
Table 6). In control samples, the median quantity of rare (0/+) VCAM-1 positive 
structures in the blood vessel endothelium was noted.

 (a)  (b)

Figure 5. Immunohistochemistry of VCAM-1 positive structures in control (a) and patient 
(b) samples. (a) Control sample with few positive cells in the blood vessel endothelium, 250×. 
(b) Patient sample with few positive structures in the blood vessel endothelium (arrow), 250×.

Table 6. Semiquantitative evaluation of VCAM-1 positive structures in control and patient 
samples.

Sample group
VCAM-1

BV CM E

Patient median 0/+ 0 0

Control median 0/+ 0 0

Abbreviations: BV – blood vessel endothelium, CM – cardiomyocytes, E – endocardium endothelium. 

Using the Mann-Whitney U test, no statistically significant differences were 
found between cardiomyocytes (U = 25, p = 1), endocardium endothelium 
(U = 25, p = 1), or blood vessel endothelium (U = 15.5, p = 0.21) between the 
control and patient group.

With the use of Spearman’s rank correlation coefficient, a statistically signi
ficant (Spearman’s ρ = 0.915, p < 0.005) strong positive correlation was found 
between the CD34-positive endocardium endothelium and the ICAM-1 posi-
tive endocardium endothelium in patient samples. However, no correlations 
were found between biomarkers in controls. 
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DISCUSSION

In patient tissue with hematoxylin and eosin staining, pyknotic nuclei were 
noted, indicating irreversible cell damage, as well as vacuolization, which 
indicates cellular damage and degenerative changes. Ingrowth of fibrosis shows 
tissue remodelling and scarring. Together with inflammatory infiltrate, these 
are nonspecific changes characteristic of cardiovascular disease [8, 24]. 

A strong, statistically significant positive correlation between CD34 and 
ICAM-1 expression in the endocardial endothelium was observed in our 
patients. CD34, a marker of endothelial progenitor cells and vascular integrity 
[12] and ICAM-1, a key adhesion molecule upregulated during endothelial acti-
vation and inflammation [11], appearing together suggest that the endocardium 
may undergo active remodelling via regeneration and inflammatory activation. 
This correlation may indicate that the same endothelial populations involved 
in repair are simultaneously engaged in inflammatory signalling. 

No other statistically significant correlations between biomarkers were 
found in either patients or controls. This could indicate that specific relation-
ships between regenerative and inflammatory markers occur mostly directly 
in disease-affected areas, such as the endocardium endothelium but not in the 
myocardium or blood vessel endothelium. A previous study has also shown 
that endothelial activation markers, including ICAM-1 and VCAM-1, may have 
localized expression in cardiac tissue [26]. 

In the endocardium endothelium, numerous CD34 positive cells were found 
in controls compared to few in patients. This may suggest that younger hearts 
have a greater capacity for endothelial repair, whereas adult hearts with chronic 
ischemia lose this regenerative potential. It has been suggested that aging and 
cardiovascular risk factors impair the function of CD34+ endothelial progenitor 
cells [17, 19]. The depletion of circulating CD34+ endothelial progenitor cells 
[27] and their impaired mobilization have also been observed in AS and CAD 
patients, which could contribute to the reduced CD34 positive cell presence in 
diseased tissues. 

In the blood vessel endothelium, few galectin-10 positive cells were found 
in both controls and patients; in cardiomyocytes, their number was moderate 
in patients and numerous to abundant in controls. As galectin-10 is associated 
with eosinophil activity and immune regulation [13], its abundant presence 
in controls may indicate a stronger immune environment in children’s myo
cardium. A reduced number of galectin-10 positive cardiomyocytes in patients 
could suggest altered immune function in adult hearts.
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A moderate amount of ICAM-1 positive cells was found in the blood vessel 
endothelium of the controls but not in the patients, whereas a moderate amount 
of ICAM-1 positive cells was observed in the endocardium endothelium in both 
groups. The absence of ICAM-1 positive cells in the blood vessel endothelium 
of patients could reflect advanced endothelial damage with decreased inflam-
matory marker expression, which is consistent with the contribution of en-
dothelial cell dysfunction to atherosclerotic cardiovascular disease described 
in the literature [7]. 

The number of VCAM-1 positive cells was low in both patients and controls, 
with few positive cells observed in the blood vessel endothelium and none in 
cardiomyocytes or the endocardium endothelium. Although VCAM-1 is as-
sociated with vascular inflammation [30], its low expression could be related 
to its activation during the early inflammatory response [15] rather than in 
the chronic disease stage. This could be explained by VCAM-1 being the first 
adhesion molecule expressed before atherosclerotic plaque development [30] 
where it mediates monocyte adhesion to the intima [18]. 

This study has several limitations that must be considered. The relatively 
small sample size limited the statistical power of the findings as well as their 
generalizability to a broader population. While the observed correlations were 
consistent, a larger cohort would be necessary to confirm the reproducibility 
of the results in different subpopulations.

The age range of the patients varied, introducing a variety of confounding 
factors. Endothelial and immune marker expression is influenced by aging 
independently of disease, which complicates the interpretation of the observed 
differences, even though the age groups were matched as closely as possible. 

Due to ethical constraints, it was not possible to obtain healthy human 
heart tissue. The control samples used in this study were from individuals with 
congenital heart disease who lacked signs of inflammation. These samples may 
not fully reflect baseline physiological conditions, and the possibility of sub-
clinical changes influencing marker expression cannot be ruled out.

The study was conducted using immunohistochemical staining and quali
tative or semiquantitative methods of assessment. Quantitative data from bio-
chemical analyses (such as ELISA) could provide valuable insight into the exact 
concentrations of the markers in tissue. Additionally, genetic analysis to identify 
gene expression patterns associated with altered marker expression or disease 
progression could also prove valuable, given the complex and multifactorial 
nature of AS and CAD. 
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Despite these limitations, these findings offer novel insight into endothelial 
and inflammatory alterations in the cardiac tissue of patients with AS and CAD, 
providing a foundation for further study.

CONCLUSIONS

The findings of this study suggest that in patients with AS and CAD, the endo
cardial endothelium remains an active site of remodelling, as indicated by 
the upregulation of both CD34 and ICAM-1 expression. In contrast, the de-
creased expression of CD34, ICAM-1, and VCAM-1 in the blood vessel endot
helium may reflect endothelial dysfunction and compromised vascular repair 
mechanisms. These contrasting expression patterns highlight region-specific 
endothelial responses in diseased hearts. Further research is needed to clarify 
the molecular mechanisms behind these changes and to determine their use
fulness as potential targets for therapeutic intervention or early disease markers.

REFERENCES

1.	 Arakelian L., Lion J., Churlaud G., Bargui R., Thierry B., Mutabazi E., Bruneval P., 
Alberdi A. J., Doliger C., Veyssiere M., Larghero J., Mooney N. (2023). Endothe-
lial CD34 expression and regulation of immune cell response in-vitro. Scientific 
Reports, 13 (1), 13512. https://doi.org/10.1038/s41598-023-40622-7

2.	 Balzer A. H. A., Whitehurst C. B. (2023). An Analysis of the Biotin-(Strept)avidin 
System in Immunoassays: Interference and Mitigation Strategies. Current Issues 
in Molecular Biology, 45 (11), 8733–8754. https://doi.org/10.3390/cimb45110549

3.	 Bonan S., Albrengues J., Grasset E., Kuzet S.-E., Nottet N., Bourget I., Bertero T., 
Mari B., Meneguzzi G., Gaggioli C. (2017). Membrane-bound ICAM-1 contributes 
to the onset of proinvasive tumor stroma by controlling acto-myosin contractil-
ity in carcinoma-associated fibroblasts. Oncotarget, 8 (1), 1304–1320. https://doi.
org/10.18632/oncotarget.13610

4.	 Bui T. M., Wiesolek H. L., Sumagin R. (2020). ICAM-1: A master regulator of cel-
lular responses in inflammation, injury resolution, and tumorigenesis. Journal of 
Leukocyte Biology, 108 (3), 787–799. https://doi.org/10.1002/JLB.2MR0220-549R

5.	 Dunn C., Brettle D., Cockroft M., Keating E., Revie C., Treanor D. (2024). Quanti-
tative assessment of H&E staining for pathology: development and clinical evalu-
ation of a novel system. Diagnostic Pathology, 19 (1), 42. https://doi.org/10.1186/
s13000-024-01461-w

https://doi.org/10.1038/s41598-023-40622-7
https://doi.org/10.3390/cimb45110549
https://doi.org/10.18632/oncotarget.13610
https://doi.org/10.18632/oncotarget.13610
https://doi.org/10.1002/JLB.2MR0220-549R
https://doi.org/10.1186/s13000-024-01461-w
https://doi.org/10.1186/s13000-024-01461-w


50   |   Krista Katrīna Saldovere, Māra Pilmane

6.	 Fukuchi M., Kamide Y., Ueki S., Miyabe Y., Konno Y., Oka N., Takeuchi H., Koyota 
S., Hirokawa M., Yamada T., Melo R. C. N., Weller P. F., Taniguchi M. (2021). 
Eosinophil ETosis-Mediated Release of Galectin-10 in Eosinophilic Granulomatosis 
With Polyangiitis. Arthritis & Rheumatology (Hoboken, N.J.), 73 (9), 1683–1693. 
https://doi.org/10.1002/art.41727

7.	 Gimbrone M. A., García-Cardeña G. (2016). Endothelial Cell Dysfunction and the 
Pathobiology of Atherosclerosis. Circulation Research, 118 (4), 620–636. https://
doi.org/10.1161/CIRCRESAHA.115.306301

8.	 González A., López B., Ravassa S., San José G., Latasa I., Butler J., Díez J. (2024). 
Myocardial Interstitial Fibrosis in Hypertensive Heart Disease: From Mechanisms 
to Clinical Management. Hypertension, 81 (2), 218–228. https://doi.org/10.1161/
HYPERTENSIONAHA.123.21708

9.	 Guo M., Shi J.-H., Wang P.-L., Shi D.-Z. (2018). Angiogenic Growth Factors 
for Coronary Artery Disease: Current Status and Prospects. Journal of Cardio
vascular Pharmacology and Therapeutics, 23 (2), 130–141. https://doi.org/10.1177/ 
1074248417735399

10.	 Hassanpour M., Salybekov A. A., Kobayashi S., Asahara T. (2023). CD34 positive 
cells as endothelial progenitor cells in biology and medicine. In Frontiers in Cell 
and Developmental Biology (Vol. 11). https://doi.org/10.3389/fcell.2023.1128134

11.	 Haydinger C. D., Ashander L. M., Tan A. C. R., Smith J. R. (2023). Intercellular 
Adhesion Molecule 1: More than a Leukocyte Adhesion Molecule. Biology, 12 (5), 
743. https://doi.org/10.3390/biology12050743

12.	 Heinisch P. P., Bello C., Emmert M. Y., Carrel T., Dreßen M., Hörer J., Winkler B., 
Luedi M. M. (2022). Endothelial Progenitor Cells as Biomarkers of Cardiovas-
cular Pathologies: A Narrative Review. Cells, 11 (10). https://doi.org/10.3390/
cells11101678

13.	 Itoh A., Nonaka Y., Nakakita S., Yoshida H., Nishi N., Nakamura T., Kamitori S. 
(2020). Structures of human galectin-10/monosaccharide complexes demonstrate 
potential of monosaccharides as effectors in forming Charcot-Leyden crystals. Bio-
chemical and Biophysical Research Communications, 525 (1), 87–93. https://doi.
org/10.1016/j.bbrc.2020.02.037

14.	 Joseph J., Naqvi S. Y., Giri J., Goldberg S. (2017). Aortic Stenosis: Pathophysiology, 
Diagnosis, and Therapy. American Journal of Medicine, 130 (3). https://doi.
org/10.1016/j.amjmed.2016.10.005

15.	 Kong D.-H., Kim Y., Kim M., Jang J., Lee S. (2018). Emerging Roles of Vascular 
Cell Adhesion Molecule-1 (VCAM-1) in Immunological Disorders and Cancer. 
International Journal of Molecular Sciences, 19 (4), 1057. https://doi.org/10.3390/
ijms19041057

https://doi.org/10.1002/art.41727
https://doi.org/10.1161/CIRCRESAHA.115.306301
https://doi.org/10.1161/CIRCRESAHA.115.306301
https://doi.org/10.1161/HYPERTENSIONAHA.123.21708
https://doi.org/10.1161/HYPERTENSIONAHA.123.21708
https://doi.org/10.1177/1074248417735399
https://doi.org/10.1177/1074248417735399
https://doi.org/10.3389/fcell.2023.1128134
https://doi.org/10.3390/biology12050743
https://doi.org/10.3390/cells11101678
https://doi.org/10.3390/cells11101678
https://doi.org/10.1016/j.bbrc.2020.02.037
https://doi.org/10.1016/j.bbrc.2020.02.037
https://doi.org/10.1016/j.amjmed.2016.10.005
https://doi.org/10.1016/j.amjmed.2016.10.005
https://doi.org/10.3390/ijms19041057
https://doi.org/10.3390/ijms19041057


    Angiogenesis and local immunity tissue markers   |   51

16.	 Liao S., Luo C., Cao B., Hu H., Wang S., Yue H., Chen L., Zhou Z. (2017). Endothe-
lial Progenitor Cells for Ischemic Stroke: Update on Basic Research and Appli
cation. Stem Cells International, 2017, 1–12. https://doi.org/10.1155/2017/2193432

17.	 Mandraffino G., Aragona C. O., Basile G., Cairo V., Mamone F., Morace C., 
D’Ascola A., Alibrandi A., Lo Gullo A., Loddo S., Saitta A., Imbalzano E. (2017). 
CD34+ cell count predicts long lasting life in the oldest old. Mechanisms of Ageing 
and Development, 164, 139–145. https://doi.org/10.1016/j.mad.2017.03.003

18.	 Medrano-Bosch M., Simón-Codina B., Jiménez W., Edelman E. R., Melgar-
Lesmes P. (2023). Monocyte-endothelial cell interactions in vascular and tissue 
remodeling. Frontiers in Immunology, 14, 1196033. https://doi.org/10.3389/
fimmu.2023.1196033

19.	 Muggeridge D., Dodd J., Ross M. D. (2021). CD34+ progenitors are predictive of 
mortality and are associated with physical activity in cardiovascular disease patients. 
Atherosclerosis, 333, 108–115. https://doi.org/10.1016/j.atherosclerosis.2021.07.004

20.	 Pilmane M., Rumba I., Sundler F., Luts A. (1998). Patterns of distribution and 
occurrence of neuroendocrine elements in lungs of humans with chronic lung 
disease. Proceedings of the Latvian Academy of Sciences, 52, 144–152.

21.	 Radu P., Zurzu M., Paic V., Bratucu M., Garofil D., Tigora A., Georgescu V., Prunoiu 
V., Pasnicu C., Popa F., Surlin P., Surlin V., Strambu V. (2023). CD34—Structure, 
Functions and Relationship with Cancer Stem Cells. Medicina, 59 (5), 938. https://
doi.org/10.3390/medicina59050938

22.	 Saha S., Haynes W. J., Seo J., Del Rio N. M., Young E. E., Zhang J., Holm A. M., 
Pimentel M., Flannagan L., Huang L., Blashka W., Murphy L., Scholz M. J., Hen-
richs A., Suresh Babu J., Steill J., Kratz J., Stewart R., Kamp T. J., Brown M. E. 
(2025). Diminished immune cell adhesion in hypoimmune ICAM-1 knockout 
human pluripotent stem cells. Nature Communications, 16 (1), 7415. https://doi.
org/10.1038/s41467-025-62568-2

23.	 Sarelius I. H., Glading A. J. (2015). Control of vascular permeability by adhesion 
molecules. Tissue Barriers, 3 (1–2), e985954. https://doi.org/10.4161/21688370.2
014.985954

24.	 Shati A. A., Zaki M. S. A., Alqahtani Y. A., Haidara M. A., Alshehri M. A., Dawood 
A. F., Eid R. A. (2022). Intermittent Short-Duration Re-oxygenation Attenuates 
Cardiac Changes in Response to Hypoxia: Histological, Ultrastructural and Oxi-
dant/Antioxidant Parameters. British Journal of Biomedical Science, 79. https://
doi.org/10.3389/bjbs.2022.10150

25.	 Si Y., Feng Z., Liu Y., Fan W., Shan W., Zhang Y., Shi F., Xing E., Sun L. (2023). 
Inflammatory biomarkers, angiogenesis and lymphangiogenesis in epicardial adi-
pose tissue correlate with coronary artery disease. Scientific Reports, 13 (1), 2831. 
https://doi.org/10.1038/s41598-023-30035-x

https://doi.org/10.1155/2017/2193432
https://doi.org/10.1016/j.mad.2017.03.003
https://doi.org/10.3389/fimmu.2023.1196033
https://doi.org/10.3389/fimmu.2023.1196033
https://doi.org/10.1016/j.atherosclerosis.2021.07.004
https://doi.org/10.3390/medicina59050938
https://doi.org/10.3390/medicina59050938
https://doi.org/10.1038/s41467-025-62568-2
https://doi.org/10.1038/s41467-025-62568-2
https://doi.org/10.4161/21688370.2014.985954
https://doi.org/10.4161/21688370.2014.985954
https://doi.org/10.3389/bjbs.2022.10150
https://doi.org/10.3389/bjbs.2022.10150
https://doi.org/10.1038/s41598-023-30035-x


52   |   Krista Katrīna Saldovere, Māra Pilmane

26.	 Singh V., Kaur R., Kumari P., Pasricha C., Singh R. (2023). ICAM-1 and VCAM-1: 
Gatekeepers in various inflammatory and cardiovascular disorders. Clinica 
Chimica Acta, 548. https://doi.org/10.1016/j.cca.2023.117487

27.	 Tomić I., Zeljko I., Brizić I., Šoljić V., Ivančić I., Tomić M., Ćurlin M., Tomić D. 
(2025). Decreased Endothelial Progenitor Cells Are Associated with Severe Coro-
nary Artery Disease: Insights from a Clinical Study. Journal of Cardiovascular 
Development and Disease, 12 (4), 132. https://doi.org/10.3390/jcdd12040132

28.	 Tomizawa H., Yamada Y., Arima M., Miyabe Y., Fukuchi M., Hikichi H., Melo R. C. 
N., Yamada T., Ueki S. (2022). Galectin-10 as a Potential Biomarker for Eosinophilic 
Diseases. Biomolecules, 12 (10), 1385. https://doi.org/10.3390/biom12101385

29.	 Troncoso M. F., Díaz-Vesga M. C., Sanhueza-Olivares F., Riquelme J. A., Müller M., 
Garrido L., Gabrielli L., Chiong M., Corbalan R., Castro P. F., Lavandero S. (2023). 
Targeting VCAM-1: a therapeutic opportunity for vascular damage. Expert Opinion 
on Therapeutic Targets, 27 (3), 207–223. https://doi.org/10.1080/14728222.2023.2
187778

30.	 Troncoso M. F., Ortiz-Quintero J., Garrido-Moreno V., Sanhueza-Olivares F., 
Guerrero-Moncayo A., Chiong M., Castro P. F., García L., Gabrielli L., Corba-
lán R., Garrido-Olivares L., Lavandero S. (2021). VCAM-1 as a predictor biomarker 
in cardiovascular disease. In Biochimica et Biophysica Acta – Molecular Basis of 
Disease, 1867 (9). https://doi.org/10.1016/j.bbadis.2021.166170

31.	 Wang J., Song Y., Xie W., Zhao J., Wang Y., Yu W. (2023). Therapeutic angiogenesis 
based on injectable hydrogel for protein delivery in ischemic heart disease. IScience, 
26 (5), 106577. https://doi.org/10.1016/j.isci.2023.106577

32.	 Xie J., Jiang L., Wang J., Yin Y., Wang R., Du L., Chen T., Ni Z., Qiao S., Gong H., Xu 
B., Xu Q. (2023). Multilineage contribution of CD34+ cells in cardiac remodeling 
after ischemia/reperfusion injury. Basic Research in Cardiology, 118 (1). https://
doi.org/10.1007/s00395-023-00981-8

33.	 Zhong L., Simard M. J., Huot J. (2018). Endothelial microRNAs regulating the 
NF‐κB pathway and cell adhesion molecules during inflammation. The FASEB 
Journal, 32 (8), 4070–4084. https://doi.org/10.1096/fj.201701536R

 
Address for correspondence:

Krista Katrīna Saldovere
Institute of Anatomy and Anthropology, Riga Stradiņš University
Kronvalda Boulevard 9, LV-1010 Riga, Latvia
E-mail: 058004@rsu.edu.lv

https://doi.org/10.1016/j.cca.2023.117487
https://doi.org/10.3390/jcdd12040132
https://doi.org/10.3390/biom12101385
https://doi.org/10.1080/14728222.2023.2187778
https://doi.org/10.1080/14728222.2023.2187778
https://doi.org/10.1016/j.bbadis.2021.166170
https://doi.org/10.1016/j.isci.2023.106577
https://doi.org/10.1007/s00395-023-00981-8
https://doi.org/10.1007/s00395-023-00981-8
https://doi.org/10.1096/fj.201701536R
mailto:058004@rsu.edu.lv

