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THE MAST CELLS AND ATHERO'MA * 
2nd/Lieutenant ADRIEN G. YOUELL, RA., R.A.M.C. 

SUMMARY: Evidence is presented to show that the number of mast cells in the adventitia 
of coronary and common carotid arteries, and aorta increases relative to increasingly 
severe atheromatous disease. No similar relationship is demonstrated in superior mesenteric 
and renal arteries. Six grades of atheroma from normal, unaffected segments to occlusion 
to capillary dimensions are defined. This is an intrinsic control mechanism. The repre
sentative grades in each of the five arteries were taken from seven autopsy subjects, all 
Irish males between the ages of 55 and 89 years. The literature on the mast cell in atheroma 
is reviewed. 

Introduction 

Basic aniline dyes extracted from dahlia were first used to identify the mast cell. 
Paul Ehrlich, to whom this discovery is attributed, whilst he was a medical student, 
noted the tendency of mast cells to concentrate round blood vessels, nerves and glandular 
ducts, as well as in chronic inflammatory foci, and round the borders of malignant ~ 

neoplasms. He gave these cells the name' Mastzellen ' (Fodder Cells) from the notion / 
that the granules, which mast cells contain, were for food storage. The granules were 
distinguished by giving a metachromatic staining reaction. This means that the blue 
colour of the aniline dye is changed to red-violet by replacement of .histamine with 
amine molecules in the dye, without morphological change (Selye, 1965). 

Riley (1959) describes Type 1 mast cells, found along muscular arteries, compact 
and well-filled, and Type 2 mast cells, which are probably the former wandering in the 
tissue spaces associated with capilliaries. Type 2 become irregular in shape and larger, 
in which the nucleus may be seen. Ehrlich is said to have found variable shapes-round, 
polyhedral, fusiform and irregular or ramified mast cells. They are capable of amoeboid 
movement and so may be found in any intermediate stage. 

Se1ye (1965) calls the mast cell a pluripotent cell containing heparin, histamine and 
in certain species, serotonin; a kind of ' emergency kit' which contains a number of 
compounds that tissues may need, especially in regions exposed to local stress. It may 
be imagined that the explosive degranulation of mast cells under the influence of non
specific stressors may help to produce an inflammatory oedema which dilutes, quarantines 
and eventually inactivates the irritant. Adams (1967) has devised a list of mast cell 
contents (Table I). 

Table I 
Mast cell contents (Adams, 1967) 

Heparin 
Histamine 
Serotonin 
Hyaluronic Acid 

Alkaline and Acid Phosphatases 
Cytochrome Oxidases 
N-acetyl-beta-glucosaminidase 
a lipolytic enzyme 

Mast cells arising in the tissues are believed to be homologous with the circulating 
blood basophils which arise in the bone marrow. These also contain metac}1fomatic 

* A project to study the relationship of mast cells and atheroma conducted under the tenure of a Medical 
Research Council of Ireland grant in the School of Pathology, Trinity College, Dublin during July 
and August 1968 
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granules and become abnormal in chronic myeloid leukaemia. The basophil leucocyte 
is thought to be synonomous in physiological terms with the tissue mast cell. The diffuse 
nature of the mast cell--basophil system is compared with the lymphocyte in the 
reticulo-endothelial system, a system little understood until recently and now known 
to have basic biological significance. Selye (1965) imputes the mast cell with these 
functions: the elaboration of mucin, accumulation of pigments, fat metabolism, nervous 
activity, gastric secretion through histamine liberation, defence against carcinoma, 
hypersensitivity states and anaphylaxis. 

The aim of this paper is to report on the relationship of mast cells to severity of 
atheroma in several arteries. Taking normal or unaffected segments of each artery gives 
a basal mast cell count in each case. The literature on the subject of mast cells and 
atheroma is sparse and contradictory. Most general studies have shown an increase 
round atheromatous plaques and thrombosis, but all quantitative studies are of mast 
cells in the myocardium or coronary arteries affected by atheroma. This present work 
is on arteries previously unquantitated for mast cells; renals, common carotids, superior 
mesenteric and aorta. 

Materials and methods 

The selected arteries, coronaries, renals, common carotids, superior mesenteric 
apd aorta were removed by the author at seven autopsies performed by pathologists 

Table 11 
Details of seven autopsy subjects 

Case Reference Age Nutritional Disease Drugs Allergy Blood press-
No. No. Yrs. state ure mm/hg 

1 A167/68 89 Thin Carcinoma of prostate. Stilboestrol None 170/80 
Acute pancreatitis. Ampicillin 
Multiple aortic Largactil 
aneurysms. Died in D.F.118 
renal failure. 

2 A169/68 78 Obese Dissecting aortic Pethidine None 220/130 
aneurysm, Atropine 
Saddle embolus. Phenergan 
Died post-operatively. Aminophylline 

~ 

3 A178/68 55 Thin Intractable diarrhoea. Chloramph- None 110/60 
Intestinal ulcers. enicol 
Died of bilateral 
pulmonary emboli. 

4 A180/68 80 Medium Fractured femur Tetracycline None 150/80 
Died of myocardial 
infarction. Digoxin 

5 A183/68 63 Medium Hepatic cirrhosis. Ampicillin Penici- 220/120 
Died of broncho- Navidrex Jlin 
pneumonia. Neomycin 

6 A185/68 83 Emaciated Volvulus. -+- + + 
Bronchopneumonia. 

7 AI92/68 55 Medium Acute left ventricular + + + 
failure. 

+ Died outside hospital. 
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40 The Mast Cells and Atheroma 

of the School of Pathology, Trinity College, Dublin in three Dublin Voluntary hospitals. 
Details of age, nutritional state, disease, drugs administered, presence or absence of 
allergy and blood pressure of the subjects are shown in Table H. All were Irish males. 

The arteries were opened longitudinally in the laboratory and inspected for the 
grades of atheroma as defined in Table Ill. The chosen arterial segments representing 

Grade 

1 
2 
3 
4 
5 
6 

Table III 

Grading of atheroma 

State 

No atheroma (normal) 
Fatty streak; lipoid deposition without narrowing 
Lumen up to !- occluded 
Lumen between !-t occluded 
Lumen between ~-t occluded 
Lumen reduced to a narrow slit (capillary dimensions) 

each grade of atheroma were cut in approximately four-millimetre lengths, full circum
ference, and fixed in 4 per cent neutralised formol saline in separately labelled jars for at 
least twenty-four hours. They were processed to paraffin wax blocks by the routine 
laboratory automated process. Five sections, five J..l in thickness, were cut by manually 
operated microtome from each block. One section from each series was stained by 
haematoxylin and eosin for cellular architecture and four by 0.25 per cent thionin 
(G. T. Gurr), buffered to pH 4.0. 

Using the haematoxylin and eosin section, each artery was enlarged to a predeter
mined scale by a projection method and the outlines drawn on a card as illustrated in 
Figure 1. Each arterial segment and block was accompanied throughout the processing 

CODE No. 

SUBJACENT, TO 
THE PLAQUE 

~.....,-, ... ...- ADVENTITIA 

- OUTER ELASTIC LAMINA 

~1:1ZZ:ZZZU"""'" MEDIA 

'INTIMA 

ADJACENT TO 
THE PLAQUE 

REPRESENTS 
MAST CELL 

Fig. 1. Card technique used 
for measuring length of outer 
elastic lamina of each arterial 
segment, and site of mast cells 
of one section indicated,. as 
might be seen by microscopy. 

by a coded number written in pencil on a paper tab which was transferred to the card on 
which the outline was drawn. Each slide was labelled with its code number. The code 
used and its expansion were displayed in the author's room. The mast cells in each of 
the four thionin sections were counted round the adventitia at a distance of a high 
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power field radially outwards from the external elastic lamina by direct microscopy. 
The diameter of the field was determined by a standard graticule to be 0.33 millimetres. 
The positions of the mast cells in relation to the intimal lesions were marked on the 
card and from this could be seen any relative mast cell concentration. The circum
ference of the adventititia of each arterial section at the external elastic lamina was 
obtained from a 'rotometer' reading on the card, at the demarcation defined, and 
converted to true reading by calculation from the projection scale employed. The 
numbers of mast cells in the four sections were averaged and the results expressed in 
terms of mast cells per centimetre unit circumference for each arterial segment (mast 
cell count). All the techniques described, except dehydration of the segments and wax 
embedding, were performed by the author. 

Results 

It is seen in Table IV that out of seven autopsy cases there was not always the 
full number of arterial segments available for sectioning. This discrepancy was due to 
normal arteries not being found in certain instances, and not all arteries exhibiting 
severe grades of atheroma .. Fig. 2 illustrates the distribution of mast cells in relation to 
the severity of atheroma in the arteries examined. It is noted that the mean mast cell 
count tends to increase with atheroma in all arteries except the superior mesenteric 
and renals, and the increase was most striking in the coronaries. 

Grade 

6 

5 

4 

3 

2 

1 

Arteries 

Table IV 

Mean mast cell counts in each of five arteries showing the number of arteries 
available in each grade of atheroma out of seven possible cases 

Number Mean Mean Mean Mean Mean 
of mast mast mast mast mast 

Arteries cell cell cell cell cell 
(N). count N count N count N count N count 

3 79.51 1 33.62 - - 1 13.39 - -

5 60.95 2 43.46 _l_l_l~ _~I~_1 _ 1 1- 8.97-

6 52.06 6 18.66 3 33.46 1 I 24.08 I 2 9.18 

I 
------------------

7 41.19 7 14.23 5 21.25 3 

I 

13.57 4 7.37 
-------

6 43.76 5 11.88 I 7 I 21.15 4 10.81 5 7.70 

6 21.25 6 8.96 _2_1 __ ~ ~J~_l _1_6_· 7.86 

Coronary Aorta Common Renal I Superior 
carotid mesenteric 

The mast cell count of the fatty streak (Grade 2) is similar to Grade 3 in all arteries, 
but significantly greater than in unaffected (Grade 1) arteries "except in superior 
mesenteric and renals". There was an interesting association in the concentration of 
mast cells in relation to the site of the atheromatous plaque. Subjacent to the fatty 
streak was an increased concentration of mast cells and subjacent to plaques with 
cholesterol clefts, with or without streaks of calcification, was reduced concentration 
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42 The Mast Cells and Atheroma 

of mast cells though the total mast cell count of the section may have been increased. 
Mitchell and Schwartz (1965) contend that the fatty streak arises independently of 
raised plaques. It is of some significance that increased mast cell counts are demonstrated 
in this Grade 2, though attention is drawn to the similarity of the figures with Grade 3. 

80 
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< 
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z 
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... CAROTID 

2 3 4 
GRADE OF ATHEROMA 

5 6 

Fig. 2. Graph of mean mast cell count against grade of atheroma in each artery. 

Discussion 

Mast cells vary in the body in physiological and pathological events, and are briefly 
described here. Mast cells have clinical effects in the pathogenesis of anaphylaxis where 
antigen/antibody complexes form on the surfaces of basophils and mast cells causing 
degranulation (Coombs, 1968), and the release locally and systemically of the' active' 
constituents. Many other substances cause degranulation without prior allergic sensitisa
tion such as dextran, dextrin, peptone, Compound 48/80, polymyxin, neomycin (see Case 
No. 5), protamine, stilbamidine, d-tubocurarine, bacterial toxins, lysolecithin, morphine 
and snake venom (Riley, 1959 and Gaddum, 1959). Compound 48/80 is an interesting 
substance. It is a condensation product of p-methoxyphenethylmethylamine with 
formalin in a polymeric structure and has been found by Riley and West (1955) to be a 
specific histamine liberator in the rat. Antihistamine drugs protect mast cells against 
the disruptive effects of degranulators (see Case No. 2 where promethazine was adminis
tered in pre-medication and death followed operation). It should be noted that operation 
is reflected in reduced size of mast cells, vacuolation and spread of metachromatic 
substances in the tissues. Prednisone has a specific inhibitory effect upon allergic dis
ruption of mast cells. Calciphylaxis and calcergy are terms used by Selye (1965) to 
describe the role of the mast cell as a metal binder. Apparently, discharged mast cell 
granules can furnish the organic matrix necessary for the binding of various metal salts 
and particularly those of calcium. 

The mast cell is actively associated with several pathological conditions, as 
summarised in Table V. 

Chronic inflammation in connective tissue replacement and fibrosis following 
chronic inflammation in joints, appendix, gall-bladder, breast, uterus, prostate and 
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Table V 
Mast cells in pathological processes 

Mast cell specific 

Anaphylaxis 
Anaphylactoid reaction 
Calciphylaxis and Calcergy 
Urticaria pigmentosa 
Mastocytosis 

Mast cells incidentally involved 

Chronic inflammation 
Fibrosis 
Differentiated malignant neoplasms 
Fibromas, angiomas and neurofibromatosis 
Artificially induced carcinogenesis. 

43 

other organs is associated with an increase in mast cells, and therefore also in granul
omatous conditions, though in reduced numbers in sclerosis and dense scar tissue 
formation. Mast cells in relation to tumour growth are noted in the surrounding tissues 
of slow-growing scirrhous carcinomas rather than in wildly anaplastic tumours where 
stromal cells are few. Clark (1969) mentions the immunological theories of tumour 
growth and shows, in his experience, that the best prognosis in breast neoplasia is 
associated with a massive lymphocytic infiltration. He might have found mast cells had 
he stained for them in the more differentiated tumours. Fibromas, angiomas and the 
skin lesions of neurofibromatosis are tumours rich in mast cells and here the state of 
the stroma is irrelevant. The skin lesions of urticaria pigmentosa are composed almost 
entirely of mast cells, where they are seen aggregated round capilliaries of the skin, and 
associated with increase in eosinophi1s. It is commonest in children and is characterised 
by pigmented papu1es. Dermatographism can be demonstrated over the lesions but 
not the surrounding skin. There is evidence of systemic involvement in mastocytosis, 
the 'flush-syndrome', which appears in spells, on thermal (hot bath), mechanical or 
emotional stimulation. A sudden, developing hyperaemia of the face and chest may 

/ progress by tachycardia, precordial pain, nausea, vomiting and headache to shock 
and collapse. The flush may be associated with fever, intestinal colic and diarrhoea. 
Mast cells have an association with artifically induced carcinogenesis, an increase being 
found in rat skin on painting with crude or purified carcinogens. 

Atheroma is associated with hyperlipaemia and heparin has lipolytic effects, so it 
would be expected that mast cells increase in response to factors favouring the evolution 
of atheroma. This was investigated by Jennings, Florey, Robinson and Salaman (1963) 
without conclusive results. There is little evidence to show that mast cell heparin is 
secreted into the circulation except the circumstantial, that mast cells surround blood 
vessels, and it is hard to believe that there is no functional relationship. Pomerance (1958) 
thinks the endothelial cement substance acts as a vehicle for heparin and that thrombosis 
probably occurs when there are defects in the endothelium which is cemented by hya
luronic acid, a constituent of mast cells. Snellman, Sylven and Julen (1951) believe that 
heparin is contained in complex form in the mast cell, with a lipoprotein synthesised by 
the intergranular cytoplasm and that neither alone has anti-thrombotic activity. This 
amounts to a theory of Pomerance that the increase of mast cells is due to inhibition 
of normal function, in a cause/effect relationship with atheroma. Mast cells are normally 
found in relationship to blood vessels and serous membranes but only in small numbers. 

Mast cells are capable of amoeboid movement, but What chemotactic stimulus or 
other encourages their accumulation in atheroma? It may be of use to quote experiments 
in suture materials used in arterial surgery, that the anastomoses on sectioning to check 
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44 The Mast Cells and Atheroma 

their integrity were associated with abundant mast cells. Gleeson (1968) explains that 
this was expected, as a result of repair and fibrosis following trauma; but mast cells 
may be a source of anti-thrombotic substances to maintain the patency of anastomoses. 
Graf and Swensson (1950) devised an experiment to traumatise an ear vein of rabbits 
and to monitor for leucocytes the first drop of blood issuing from the injured vein and 
an unconnected vein, taken at half-hourly intervals for two and a half hours. After 
re-perforation ofthe injured vein there was an increasing leucocyte count, while there was 
no similar increase in the first drop from the unconnected, undamaged vein. This 
indicates an active accumulation of leucocytes at the site of trauma. It was further shown 
that there was an increasing proportion of basophils in the half-hourly first drops of 
blood; that is, a specific and selective accumulation of basophils at the expense of other 
white cells. Atheroma represents endothelial trauma and accumulated basophils may 
insinuate themselves through the arterial wall into the tissues. Mast cells are rarely 
found in the arterial intima and media, so their adventitial location suggests a role 
beneficial to the artery itself, perhaps concerning cellular integrity. 

Technical difficulties exist regarding mast cell counting in tissues on account of 
post-mortem changes and changes due to disease and other processes. Mills, Strikland 
and Paterson (1958) and Lempert, Stein and Doyle (1961) have shown that length of 
post-mortem degeneration has no apparent effect on mast cell counts. The subjects in 
the present study were selected only in regard to cause of death, sex and age. Pomerance 
(1958) excluded cases dying of diabetes mellitus, nephrosis and other lipogenic diseases 
on the theoretical basis that atheroma being associated with alterations in lipid meta
bolism, the influences of a lipogenic disease itself influences mast cells. Male subjects 
between the ages of 53 and 89 years were thought satisfactory in the present limited 
study. Sundberg (1955) found that mast cell counts in certain veins and the abdominal 
aorta decrease with advancing age, differently distributed in the sexes, independent of 
vascular pathology. In regard to macroscopic inspection of plaques, calcified arterial 
segments were not chosen considering the finding of Pepler and Mayer (1961) that 
mast cell counts were found to be unreliable in decalcified blocks. 

Work on the mast cell in atheroma is summarised in Table 6, and from this can 
be seen the confusion of differing results. However, the weight of evidence is on the 
side of atheroma being associated with increasing mast cells. The findings· in the present 
study support this, but the results do not approach those of Pomerance (1958) in 
uniformity where she demonstrated a linear increase in mast cell count with increasing 
atheroma in coronary arteries. Even considering this, the significance of the present 
results is beyond dispute. The similarity of the levels of mean mast cell count in the 
arteries in Fig. 2, and the almost horizontal line of mean mast cell counts in the superior 
mesenteric, if not demonstrating increasing counts at least testifies to the validity of 
the counting method. The dropping-off of the counts in the higher grades of atheroma 
in the aorta, common carotids and renals, if they should theoretically be continuing 
upwards, may be due to stripping of the adventitia, as atheromatous arteries are difficult 
to section in full diametric thickness. If mast cells are indeed destroyed by aqueous 
fixation, the counts then, are relative, but a tendency to increasing mast cell counts with 
atheromatous affection is of absolute significance. 

The author notes that the histological appearances of atheroma often varied in 
plaques which exhibited identical macroscopic appearances and concludes that the 
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grading scheme is unsatisfactory, and should be abandoned in a future study. Atheroma 
typed by fat staining as exemplified by Mitchell and Schwartz (1965) may be superior. 
Paterson and Mills (1958) developed a scheme of six different indices for accurate 
evaluation of the severity of coronary atheroma, which was employed in a study to 
contest the results of Constantinides and Cairns (1954) as can be seen in Table VI. 

Table VI 
Summary of the relevant Literature 

Author Study Fixative Result 

Pomerance (1958) Coronary 10% aqueous Linear increase of mast cells with increasing 
arteries formalin severity of atheroma. 

Jennings, Florey Several vessels None mentioned More MC in adventitia of arteries with 
Robinson and atheroma than in normal vessels. 
Salaman (1963) 

Pollak (1957) Several vessels 4% Aqueous Accumulation of MC in adventitia of 
lead acetate and coronary arteries, more round 
10 % formalin atheromatous vessels than normal. 

Constantinides Myocardium Aqueous Atherosclerotic seniles have lower MCC 
and Cairns (1954) formalin than non-atherosclerotic young adults or 

seniles. 

Paterson and Myocardium Formalin Reply to Constantinides and Cairns, on 
Mills (1958) accuracy in estimating atheroma; no effect 

of atheroma on MCC. 

Lempert, Stein Myocardium Alcoholic Reply to Constantinides and Cairns. 
and Doyle (1961) formalin Aqueous fixation destroys MC; no 

correlation between atheroma and MCC. 

Pepler and Coronary 10% aqueous No difference in MCC in Europeans and 
Mayer (1961) arteries of formalin Bantu though increased thrombosis and 

Europeans severe coronary atheroma in Europeans. 
and Bantu 

Present Study Several arteries 10% aqueous Significant increase in MCC in severe 
formalin atheroma of coronary and carotid arteries 

and aorta. 

(MC = mast cells. MCC = mast cell count) 
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