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Although Mongolian people use as much animal fat and salt in the food, the level of cholesterol was determined relative as 

normal. But recently, their life style changed by the influence of social factors and non-infections disease quite increased, 

including atherosclerosis. For this reason, we aimed to study the wall structure of coronary artery and to determine some 

biomarkers in the relatively healthy persons and coronary atherosclerotic patients’ autopsy.  Twelve autopsies from 21 to 74 aged 

cadavers were included in this study. All specimens were processed with Haematoxylin-Eozin stained and the changes of 

coronary arterial wall structure were examined by the special staining with Van-Gizon, three chrome Masson: the atherosclerotic 

plaques, neovascularization and fat crystals were observed in the wall of the coronary artery with atherosclerosis. By the 

immunohistochimical staining, the presence of vascular cell adhesion molecule (VCAM-1) was detected in the endothelial cell 

membrane, vascular endothelial growth factor (VEGF) was slightly immunoreacted in the nucleus, cytoplasm and of endothelial 

cell membrane, but PECAM-1 and LOX-1 were not detected in the wall of injured coronary artery, suggesting a role of VCAM-1 

in atherosclerosis. 
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INTRODUCTION 

 

Countries, where the global medicine is highly developed, are 

still interested in the coronary artery and provide various 

studies, including some special biomarkers expression in the 

wall of coronary atherosclerosis.  According to the United 

Nations Organization (UN), in 2011, Mongolians life 

expectancy was 68.05 (male – 64.3, female – 71.8), closer to 

the world population longevity (65.82). Mongolia was listed as 

the 126th among the 196 member countries  by  the  prevalence 

of diseases, though the morbidity and mortality rate is high. 

The coronary atherosclerosis caused by epidemiological and 

social factors is increasing.  Although Mongolian people use as 

much animal fat and salt in the food, the level of cholesterol 

was determined relative as normal. On the background of the 

above mentioned statements, there is a real need to conduct 

accurate studies on the coronary atherosclerosis stages, its 

pathology and treatment management. At this time we aimed to  
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study the wall structure of coronary artery and to determine 

human anti-VCAM-1, human anti-VEGF, human anti-LOX-1 

expressions on the coronary atherosclerosis. 

 

 

MATERIALS AND METHODS 

 

A total piece of 32 coronary arteries obtained from 21 to 74 

aged cadavers were involved in the study. They were grouped 

as case and control groups. The control group includes 

relatively healthy coronary arteries, tested in National Institute 

of Forensic Science; the case group – coronary artery segments 

from atherosclerotic cadavers, tested in National Pathology 

Center near the ministry of health. In accordance with V.V 

Bunak's classification these 2 groups were divided into 3 age 

groups: the 1st adult period (21 to 35 years), 2nd adult period 
(36 to 55years) and elderly age period (56 to 74 years  old). 

Sections were stained with Hematoxylin and Eosin. Collagen 

was visualized by Masson's three chrome and collagen and 

other connective tissue was visualized by Van-Gison. Case 

group had atherosclerotic coronary artery disease and control 

groups had a nonatherosclerotic coronary artery disease. 3 to 4 

µm sections were used for histological staining and 

immunohistochemistry. 

The piece of 32 coronary arteries were classified according 

to conventional histologic criteria into (a) atherosclerotic 

coronary segments, defined by the presence of typical features 

of luminal narrowing due to regional accumulation of 
cholesterol, foam cell, and non-foam cell macrophages, and the 

presence of fibrous caps, or (b) control coronary segments with 

diffuse intimal thickening consisting of intimal smooth muscle 

cells and extracellular matrix and representing the 

characteristic morphology of nonatherosclerotic adult human 

coronary arteries. Additional coronary segments which had 

been fixed at 4% buffered paraformaldehyde solution (PFA) 

were processed and sectioned in identical fashion and used for 

in situ hybridization to identify molecules in the serum, related 

to the degree of coronary artery stenosis. 

 
 

Single label immunohistochemistry 

 

Single label immunohistochemistry was performed as 

described previously, using anti-mouse monoclonal VCAM-I 

antisera at a titer of 1:1000 and mouse monoclonal VEGF-A 

antisera at a titer of 1:1000, mouse monoclonal LOX-1 antisera 

at a titer of 1:1000. Briefly, tissue sections were deparaffinized 

with xylene and then rehydrated with graded alcohols. The 

slides were blocked with 3% hydrogen peroxide, washed with 

PBS, incubated for 60 min with the primary antibody, and then 

washed again with PBS. A biotin-labeled secondary antibody, 
either anti-mouse, anti-rabbit (for mAb VCAM-1, mAb LOX-

1, mAb  VEGF), then was applied for 30 min, followed by an 

avidin-biotin-peroxidase conjugate (Dako REALTM EnvisionTM  

Detection  System,  Peroxidase/DAB+,  Rabbit/Mouse)  for  30 

 

 

 

 

min. Then stained with Harris's Hematoxylin and mounted. 

 

 

RESULTS 

 
In the control group:  Hematoxylin and Eosin staining was 

performed for general state of tissue: coronary artery wall 3 

layers of control group, 1st adult period, expressed identifiably: 

Endothelial cells of tunica intima were intact and not detached 

from the basal membrane, loose connective tissue of 

subendothelial layer was stained clearly, internal elastic 

membrane distinguished irregularly. Connective tissue fibers 

which were cut by the sides of the transverse direction were 

observed in the tunica media. The connective tissue fibers of 

the tunica adventitia were visualized densely and regularly. The 

Van-Gison staining helps to distinct the connective and 
muscular tissues: the endothelial and subendothelial layer were 

stained in deep pink, the connective tissue fibers by the 

transversal and longitudinal directions in the middle layer-pale 

pink, smooth muscle fibers of peripheral side-yellowish brown, 

the connective tissue fibers of outer, layer-deep pink. The 

Masson's three chrome clearly expressed the 3 layers 

endothelial and subendithelial  layer stained in violet, the media 

connective tissues violet with deep red smooth muscle cells, 

and the edge looks as a red density line. The Advetitia blue thin 

blue line. 

In the case group: Hematoxylin and Eosin staining in 2nd 

adult period of the case group - the intima endothelial cells are 
normal, subendothelial healthy part has normal thickness, but it 

gradually increases with injuries. There were observed fat cell, 

adipocytes, fenestration between the thickened connective 

tissues, and the smooth muscle structure was damaged. 

Necrotic tissues with lymphocytic aggregates. Fat and elastic 

fiber structure decomposition. The muscle layer was 

undamaged. Hemorrhage was found and vascularization was 

not formed. Lymphocyte density was round. Ateroma was not 

hyalinised. Van-Gison staining in coronary atherosclerosis, 2nd 

adult period: the intima endothelial cells were normal, damaged 

subendothelial part was thickened, spares between the fibers 
got wider. Adipocytes, penetrated in connective tissues, stained 

in yellowish; necrosis crystalin  the aggregated fat center, with 

unstructured connective tissue, and pink stain around the 

atheroma. The Masson's trichrome for coronary atherosclerosis: 

inner damaged parts were thickened, and it got loosely in the 

plaque side, collagen fibers expressed in blue, the lymphocytes 

between them were red. Outer side of it has pale pink 

connective tissue line. Smooth muscles, in the middle layer, 

poorly stained; adipocyte aggregation, lymphocytes with fat 

necrosis crystals. 

During the immunohistochimical staining, in control group, 

the presence of VCAM-1 was detected in the endothelial cell 
membrane 10%, case group,  I to II type were 58.2%,  III to IV  

type were 15%,  V  type were 47.3% (p < 0.05). VEGF was 

slightly immunoreacted in the nucleus, cytoplasm and of 

endothelial cell membrane in control group  1.5%,  case  group,   

http://en.wikipedia.org/wiki/Collagen


 

 

 

 

 

 

I to II type were 1.5%,  III to IV  type were 2.3%,  V  type were 

5.4% but LOX-1 were not detected in the wall of injured 

coronary artery. 

 

  

DISCUSSION 

 

The present study established the study of VCAM, VGEF 

expressions on human coronary atherosclerosis tissues and 

compared the results with the other researchers’ works. The 

intimal leukocyte subsets are the primary cause of the 

atherosclerosis, thus it is evident from the others’ works, to 

study and determine the special adhesive molecules and 

mechanisms of leukocytes is important (Gerrity, 1981; 

Faggiotto et al., 1990; Ross, 1993; Cybulsky and Gimbrone, 

1991; Li et al., 1993; Poston et al., 1992; Printseva et al., 1992; 
van der Wal et al., 1992; O’Brien et al., 1993).

  
According to 

this study the VEGF was slightly immunoreacted in the 

nucleus, cytoplasm and of endothelial cell membrane, but 

PECAM-1 and LOX-1 were not detected in the wall of injured 

coronary artery. It was really remarkable that the majority of 

VCAM-1expression in plaques occurred in subsets of intimal 

wall and macrophages, and also in neovascularization 

endothelial cells.  Expression of VCAM-1, ICAM-1 was 

determined in the mononuclear leukocyte aggregated part of 

the artery (Cybulsky and Gimbrone, 1991; O’Brien et al., 

1993). VCAM-1 is expressed when the coronary atherosclerotic 

plaque is completely formed, i.e they play an important role in 
developing plaque. Also VCAM-1 are more aggregated in 

neovascularization than the plaque and inflammatory cells. 

Commonly, It is expressed in the atherosclerotic plaque 

tissue macrophage, smooth muscle cells, neovascular area and 

inflammatory cells infiltration. Neovascularization process is 

associated with the assumption of an “activated” endothelial 

cells aggregate; and this state is likely to be biologically 

significant, as indicated by the frequent presence of 

inflammatory cell infiltrate around the neovessels. The new 

vessels serve as the main way to attach the leukocytes and 

endothelial cells, and the atherosclerotic intimal most thickened 
part is proposed as an ‘activated’ part, which may develop 

under the cytokines, hypoxia and VEGF. Plasma proteins, 

macrophages, angiogenic factors around the plaque vasculature 

is still attracted, as well as the plaque vascularization and 

coronary atherosclerosis VCAM-1 has double expression in 

neovessel growing parts (Zhang et al., 1993; Brogi et al., 

1993). Direct dependence between the inflammatory cell 

accumulation level in atherosclerosis plaque and expression 

spread of each three VCAM-1 with other anatomical locations; 

also between the atherosclerotic plaque endothelial-origin cells, 

neovascular VCAM-1 expression, and macrophages 

accumulation level were proved (Poston et al., 1992; Geringer, 
1951; Barger et al., 1984; Zhang et al., 1993). VCAM-1 

expression by intimal endothelial also was highly specific for 

arterial segments involved by plaque, being present in 87.5% of 

specimen as compared to 27% of control segment. Also, 93.8%  
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plaques with neovascular (Brogi et al., 1993; Gordon et al., 

1990; Allen et al., 1993, 1992). 

In accordance with our study the smooth muscle, 

macrophages, and endothelial cells have more VCAM-1 

expression in stage of between the fatty streak and the 
atheroma. Prevalent VCAM-1expression during the 

atherosclerosis allows the elevation of the molecules in a 

neovasculature, but not express in non-arterial endothelial cells 
(O’Brien et al., 1993). These molecules are contained more in 

atherosclerotic plaque intima than the healthy parts. 

Expressions of ICAM-1, VCAM-1 have strong relevance with 

the neovessel and non-endothelial cell expressions, and intimal 

leukocytes growth. The high VCAM-1 expression on the non-

endothelial cells was a surprising result. The VCAM-1 has less 

significance expression for other blood vessels. And other 

research teams state that renal glomerular epithelial and tubular 
cells, some of mesenchymal origin, also have been shown to 

express VCAM-1 under certain circumstances. Cultured bone 

marrow-derived fibroblast recently have been shown by flow 

cytometry and immunocytochemistry to express VCAM-1, and 

TNFα –stimulated neural cells also express this molecule 
(Bacchi et al., 1993). During the myogenesis the second 

myoblast and muscle cells may express VCAM-1 (van der Wal 

et al., 1994). This study should be further conducted to 

determine the plaque developing factors and improve prospect 

management against the atherosclerosis. 

Anti-VEGF slightly immunoreacted, proving that it is a 

diminished expression in the late stage of atherosclerosis. In 
this study, Anti-LOX-1 was not detected in the endothelial 

membrane. It might be inhibited by the reverse pathways which 

might be ox-LDL highly determined  in serum. The VCAM-1 

expression was 93.8% in neovascularization with plaque. The 

positive expression of  VCAM-1 in endothelium, macrophages, 

smooth muscle at the stage of the fatty streak and the atheroma 

may depend on neovascularization process. Furthermore there 

is hypothesis that the inflammatory cells are infiltrated into the 

plaque subendothelial layer and form vaso vasorum. Thus this 

molecule can be the biomarker for early detecting the coronary 

atherosclerosis and neovessel formation.  
According to the paraffin block preparation, the cytoplasm 

and membrane anti-LOX-1 stain was negative. Because the 

lektin like oxidized low-density lipoprotein receptor play the 

main role in foam cell formation from the macrophages. These 

receptors are attached to the low-density lipoproteins and 

penetrate to the endothelium and has positive expression at the 

1st stage, the endothelium damage and fatty strip formation 

periods, of the coronary atherosclerosis formation. We used the 

already plaque formed sample, so we explained the 

pathological changes mechanisms according to the LOX-1 

active period. In the case group we compared health and plaque 

arteries; LOX-1 have negative expression. The LOX-1 
expression was 71.4% in early stage of atherosclerosis,  in 

plaque 33% , and in anti-bLOX-1 – slightly positive. It can be 

explained by the sensitivity storage ability of the frozen 

preparations. 
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Conclusion  

 

Hematoxylin and eosin, Masson's trichrome and Van-Gison 

stainings were used to determine the coronary atherosclerosis. 

The staining highlighted development of neovascularization, 
atherosclerotic plaque, and fat crystals. During the 

immunohistochimical staining, in both groups, the presence of 

VCAM-1 was detected in the endothelial cell membrane, 

VEGF was slightly immunoreacted in the nucleus, cytoplasm 

and of endothelial cell membrane, but PECAM-1 and LOX-1 

were not detected in the wall of injured coronary artery, 

suggestive of a role of VCAM-1 in atherosclerotic plaque 

pathogenesis. 
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