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Monoclonal theory of atheroma

SIR,-Your leading article on the monoclonal
theory of atheroma (28 May, p 1371) is a

timely reminder of the importance of the
remarkable discovery made by Benditt and
Bendittl four years ago. Their findings were

confirmed by Pearson et a12 and by Pearson
et al.3 The facts are not in dispute. However,
you raise certain objections to the interpre-
tation of these experimental findings as

evidence for a monoclonal origin of human
atherosclerotic plaques. Concerning these
objections, the following points are relevant:

(1) The demonstration by Benditt' that the
mosaic patch size in the tunica intima of the
human aorta is of the order of 10 cells makes it
virtually impossible to suppose that the fibrous
plaques in atherosclerosis are derived from the
simultaneous proliferation of even a small
number of adjacent cells.

(2) You say that "a group of cells may pro-
liferate and then die. The few remaining cells
may then proliferate again, and finally only a

single enzyme phenotype may be present."
This suggestion was made by Fialkow' as a

purely theoretical speculation. No evidence
exists that such a sequence of events actually
occurs. In such diverse experimental systems
as the formation of the pseudo-intima lining
fabric grafts of the baboon's aorta,6 the
organisation of mural thrombi in the rat's
aorta,' and intimal thickening of the rabbit's
aorta following mechanical removal of endo-
thelium' smooth muscle cells proliferated
steadily until a new endothelial lining was
formed. Thereafter the lesions neither pro-

gressed nor regressed. In view of these experi-
mental findings Fialkow's speculation would
require convincing experimental support
before it could be taken seriously as an objec-
tion to evidence for the monoclonal origin of
atherosclerotic plaques.

(3) You state: "Cells which divide rapidly
gain advantage over others, and a single cell
progeny may take over." If the cells of a mature
lesion are the progeny of a single cell they are

by definition monoclonal. What you describe
may well occur, but we fail to understand what
distinction you are trying to make.

(4) You refer to the suggestion by Thomas
et al that one of the glucose-6-phosphate de-
hydrogenase (G6PD) alleles may be linked to
genes that afford a selective advantage. Since
lesions containing the A form of G6PD alone
and the B form alone can occur in the same
aorta, it would be necessary to suppose that the
hypothetical locus on the X chromosome is
situated at some distance from the G6PD
locus and is frequently separated from the
latter by somatic crossing-over. It would
further be necessary to stipulate either that
the crossing-over occurs at a very early stage
of embryogenesis, prior to X-inactivation'" or
else that the crossing-over is frequently
accompanied by reactivation of genes derived
from the inactive X. However, all the experi-
mental evidence indicates that, even in the
most genetically unstable systems, reversal of
X-inactivation in somatic cells is extremely
rare (see, for example, Kahan and De Mars");
and, in any case, there is no evidence that

somatic crossing-over occurs with anything
like the required frequency. Moreover, there
is concrete evidence that such crossing-over
does not occur between the G6PD locus and
another locus at a distance from it on the
X chromosome, namely, that for hypoxanthine
guanine phosphoribosyl transferase (HGPRT).
Nyhan et al'2 studied a family in which four

cases of Lesch-Nyhan syndrome had been
identified. The two mothers of the affected
boys were not only heterozygous at the
HGPRT locus but also at the G6PD locus. An
unexpected finding was that all the erythro-
cytes of these women were HGPRT-positive,
although previous studies" "1 on clones of skin
fibroblasts from mothers of boys with the
Lesch-Nyhan syndrome had shown (as ex-
pected) that approximately equal numbers of
HGPRT-positive and HGPRT-negative
clones were obtained. Clearly among erythro-
cyte precursors there is selection against
HGPRT-negative cells. In both these women
this selection led to the erythrocytes showing
only a single G6PD phenotype (in both cases
type B) although skin fibroblasts showed the
expected AB phenotype. Had there been
significant somatic crossing-over between
these loci, this result could not possibly have
been obtained. In the small kindred examined
by Nyhan et al meiotic crossing-over had
occurred at least twice, indicating that the two
loci were not closely linked. More recent
work' '51 has shown that the two loci are
separated by at least one-tenth and probably
nearly one-sixth of the length of the X
chromosome. This argument is reinforced by
the consideration that erythrocyte precursors
are among the fastest dividing cells in the
body; and the argument would not be materi-
ally affected if it were supposed that the hypo-
thetical advantageous locus is situated as far
away from the G6PD locus as possible.
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