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Monoclonal theory of atheroma

While there is good evidence that precipitating factors such
as smoking, diet, soft water, stress, and hypertension are
related to atheroma, the basic cause or causes of atheroma
have so far not been established, despite intense research
work by innumerable investigators over many years.
The theories that have guided these investigations have

fallen into two main categories. The first, with its origin in
the 19th century (Virchow), has shown that lipids infiltrate
the vascular wall, possibly as a result of injury to the endo-
thelium. The second, the encrustation theory, suggests that
the atheromatous plaques begin as a small mural thrombus.
The subject has been reviewed1'3 several times recently.

In 1973 Benditt and Benditt4 proposed another hypothesis,
the monoclonal theory of atherogenesis. This suggests that
each atherosclerotic lesion arises from a genetically transformed
smooth muscle cell of the arterial wall. The monoclonal
hypothesis is based-on the concept that only one of the two
X chromosomes (one maternal and the other paternal) in
a given cell is active in adult female cells and is transmitted
to the progeny of that cell. The other is inactivated in early
embryonic development and remains recognisable as the Barr
body. This inactivation of one or other X chromosomes
is random. The two chromosomes can be distinguished
electrophoretically by a "marker" gene for glucose-6-
phosphate-dehydrogenase (G6PD), one moving faster (type A)
than the other (type B). Electronmicroscopic studies have
shown that the principal cellular lesion in the arterial wall
begins as a focal proliferation of smooth muscle cells and
progresses to the fully formed atheromatous plaque.5 6 Since
these plaques differ from their precursors in the underlying
arterial wall, their origin was questioned and in particular
whether the atherosclerotic lesions were polyclonal or mono-
clonal. Analysis of large pieces of atheromatous plaques from
women who were heterozygous for G6PD showed that the
plaques consisted either solely or predominantly of type A
or type B. In contrast, tiny pieces -of media.-or adventitia of
the arterial wall consisted of both types.4 The conclusion
was that the plaques must have arisen from a single type
of cell; hence the term "monoclonal." Subsequently these
findings have-been confirmed by other workers,7 and these
observations led to a three-stage hypothesis of atherogenesis.8
Firstly, there is an initiation stage, during which mutation
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occurs in an arterial wall cell. This can be due to intrinsic
genetic factors or extrinsic factors, such as chemical mutagens,
viruses, or possible ionising radiation. Next, in the second
stage, some factors-for example, chemical or physical
injury-permit the expression of the selective proliferative
advantage conferred by mutagen, enlarging the mass of the
cells. Finally, there is a stage of complication, in which there
is a tendency to cell degeneration and ulceration.

This new concept is compatible with knowledge about
the established risk factors. Cigarette smoke, for example,
contains precursors of mutagens such as aryl hydrocarbons.
Low density and very low density lipoproteins carry fat-
soluble mutagens through the arterial endothelium and
come in contact with smooth muscle cells: and the higher
the concentration of lipoproteins in the blood the greater
the amount of aryl hydrocarbons carried. The aryl hydro-
carbon hydroxylase enzyme system is known to be present
in human arterial walls, and aryl hydrocarbon stimulates
this system.8 9 The role of cholesterol and hypertension also
fit into the monoclonal theory.8
Acceptance of the theory is not, however, universal. Plaques

develop in layers, and a group of cells may proliferate and
then die.'0 The few remaining cells may then proliferate
again, and finally only a single enzyme phenotype may be
present. Studies of human diploid skin fibroblasts suggest
that the cells found by Benditt and Benditt4 are not necessarily
mutated or transformed cells, and such an interpretation
should be viewed with caution." Cells which divide rapidly
gain advantage over others, and a single cell progeny may
take over. Thomas et al12 have advanced another possible
explanation, in that one of the G6PD alleles may be linked
to genes that afford a preferential survival in the abnormal
environment which prevails in an atherosclerotic lesion.
Furthermore, experiments in swine have shown that in those
animals at least atheromatous plaques are not monoclonal;
and, while swine lesions may not necessarily be analogous to
human lesions, the evidence advanced by Benditt and Benditt4
seems insufficient to support the monoclonal hypothesis.'2

Clearly much more work remains to be done before this
hypothesis can firmly be accepted. The smooth muscle
monoclonal theory has, however, opened up new possibilities
of approach to research into atherogenesis.

NO 6073 PAGE 1371

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.1.6073.1371 on 28 M
ay 1977. D

ow
nloaded from

 

http://www.bmj.com/


1372 BRITISH MEDICAL JOURNAL 28 MAY 1977

I Olsen, E G J, The Pathology of the Heart, p 47. New York, Intercontinental
Medical Book Corporation, 1973.

2 Woolf, N, in The Pathology of the Heart, eds A Pomerance and M J Davies,
p 127. Oxford, Blackwell Scientific Publications, 1975.

3 Kolata, G B, Science, 1976, 194, 592.
Benditt, E P, and Benditt, J M, Proceedings of the National Academy

of Sciences, 1973, 70, 1753.
Moss, N S, and Benditt, E P, Laboratory Investigation, 1970, 23, 231.

6 Wissler, R W, in The Myocardium: Failure and Infarction, ed E Braunwald,
p 155. New York, HP Publishing Company, 1974.

Pearson, T A, et al, American Journal of Pathology, 1975, 81, 379.
8 Benditt, E P, Scientific American, 1977, 236, 74.
9 Juchau, M R, Bond, J A, and Benditt, E P, Proceedings of the National

Academy of Sciences, 1976, 73, 3723.
1 Fialkow, P, cited by Kolata, G B, Science, 1976, 194, 592.
1 Martin, G M, et al, American Journal of Pathology, 1974, 74, 137.
12 Thomas, W A, et al, paper presented at 4th International Symposium on

Atherosclerosis, Tokyo, August 1976, in press.

Heating human milk
Human milk is valuable in the feeding of preterm infants
not only because of its nutritional suitability but also because
it contains substances which help to protect against infection.
But, no matter how carefully the milk is collected and stored,
pools of expressed breast milk may contain bacteria harmful
to the infant, notably Escherichia coli and Staphylococcus
aureus.
The possibility of the presence of these bacteria has made

it usual to heat pooled breast milk before use. Ideally the
milk should be heated enough to kill the bacteria but not
so much as seriously to reduce the protection it gives against
infection. This property depends both on substances such
as IgA and lactoferrin, which are relatively sensitive to heat,
and on others such as lysozyme, which are more resistant.
One example is the heat-stable macromolecule inhibitory
to viruses recently reported by Matthews et al,' which lost
its antiviral activity after treatment at about 100°C for 30
minutes but which was unaffected by heating at 56°C for
30 minutes.
The question to be answered, therefore, is how little heating

human milk needs to decontaminate it without seriously
reducing its anti-infective properties. Raptopoulou-Gigi and
her colleagues,2 working in Edinburgh, subdivided samples
of human milk, which they then subjected to different heat
treatments, to immunological studies by electrophoresis and
antibody titrations, to bacteriological culture, and to gamma-
irradiation (2-5 Mrads from a cobalt-60 source). The samples
were examined before and after heat treatment or irradiation
and the results were compared with those given by an aliquot
of the processed sample stored at - 40°C.

Standard treatment (heating the milk to 105'C, then
freezing and thawing it, and repeating this cycle) decon-
taminated the milk, including some samples which were
heavily, artificially contaminated with Staph aureus and E coli.
So did gamma-irradiation and pasteurisation (62-5'C for
30 minutes). Only pasteutisation, however, did not change
the mean levels of IgA or lactoferrin or the haemagglutinin
titres against pooled E coli antigen. After the standard treat-
ment to 105°C neither IgA nor lactoferrin could be detected
in any sample. Gamma-irradiation produced a slight fall
in IgA levels and a substantial drop in lactoferrin levels.

In a separate study, Ford et a13 reported from Reading
that holder pasteurisation (62.5°C for 30 minutes) reduced
the IgA levels by 20% and destroyed the small amount of
IgM and most of the lactoferrin. While these observations
appear to contradict those from Edinburgh2 the cause of the

apparent discrepancy may lie in two important technical
differences between the heat-testing procedures used. At
Edinburgh the samples consisted of whole milk; and no
mention was made in the report of the size of the sample
or of the type of container in which it was heated. It would
be of interest to know the full details of the procedure and
to know what temperatures were actually reached at the
centre of the sample and for how long. At the National
Institute for Research in Dairying at Reading Ford et al used
1-5 ml samples sealed into small glass ampoules and heated
in a bath of detergent maintained at the required temperature
+ 0-1 CC. Furthermore, the milk to be sampled had been
centrifuged at 2°C for one hour at 75 000 g and the aqueous
phase carefully decanted and filtered through Kleenex tissue.
The fat and sediment had been discarded. Inevitably these
two important differences would have ensured much more
rapid and complete heat penetration than in the Edinburgh
investigations.
The conclusions from the two studies were, however,

essentially the same. If treatment is necessary, holder pasteur-
isation is better than "standard" heat treatment. Both groups
emphasised that we need to know more about which of the
various substances are important as anti-infective agents;
and both ask whether decontamination of human milk is
really necessary. The case for a combined operation by
obstetricians, paediatricians, nurses, microbiologists, immuno-
logists, and dairy scientists seems to be as clear as can be.
The work need not be unduly difficult or tedious, and the
results should be both of interest and of practical value.
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Motilin: Actor in search of
a play
Years ago, when acronym-construction was in its infancy,
a group of viruses was labelled ECHO, meaning Enteric
Cytopathogenic Human Orphan. No one knew what damage,
if any, they caused or what other function they had; they
were viruses-easily recognisable by standard biological
methods-in search of a disease. Recent rapid advances in
knowledge of gastrointestinal hormones have produced
similar problems. Not that gut hormones are new. This year
is the 75th anniversary of Bayliss and Starling's discovery
of the original gut hormone secretin, they having first de-
duced its existence from studies of pancreatic secretion; while
gastrin had been presumed to exist by Edkins over 50 years
before it was isolated by Gregory and Tracy. These and the
other gastrointestinal hormones have powerful effects on
motor, secretory, and absorptive processes throughout the
alimentary tract. These actions may readily be shown in
animals and in various isolated preparations. What relation-
ship the effects have to physiological control mechanisms
or to human disease, however, is far less certain.
Gut hormones now number 26 or more,'2 Tiny concen-

trations in the serum may readily be measured by radio-
immunoassay, their origins in the intestine can be shown
by histological immunofluorescence, and chemists can
elucidate their structure. They can be purified and used to
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