








Atherosclerosis-disease of old age or infancy ?
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Fig. 2 Coronary artery of
infant showing perfect
internal elastic lamina
(haematoxylin and eosin
x 75). (Figs 1-5 reproduced
by kind permission of the
Editor, Journal of
Pathology)

,Yt.

O.

.-_ va -. ..s. Sa

Fig. 3 Coronary artery of infant showing earliest type
of elastic lesion. (Haematoxylin and eosin x 206)

viewing the subject of lathyrism the possibility
emerged-particularly from the work of two formid-
able scientists, Blaschko, the Oxford pharmacolo-
gist, and Yasunobu, the enzymologist-that lysyl
oxidase was in fact a diamine oxidase and might
also require pyridoxal as a cofactor in addition to
copper. This possibility was reinforced by the study
of Rinehart and Greenberg (1949) who claimed to
have produced atherosclerosis in monkeys chroni-
cally deficient in vitamin B6.

Sheer ignorance would seem on occasion to be a

Fig. 4 Coronary artery of infant showing early elastic
lesion with early intimal thickening. (Haematoxylin and
eosin x 206)

positive endowment. My research student, now Dr
Murray, and I had not appreciated the difficulties
this enzyme would cause and it took us a number
of years to provide all but the final proof that lysyl
oxidase requires B6 as well as copper as cofactors
(Murray, 1977). Our evidence, briefly, is as follows:
Radioactively-labelled pyridoxal was unavailable, so
it was essential to see whether the injection of
3H-pyridoxine into the chick embryo resulted in its
conversion into the aldehyde form. We found that
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C. I. Levene

I will tell you about our hypothesis (Levene and
Murray, 1977) to explain those lesions of the internal
elastic lamina found in the coronary arteries of
children at birth. We suggest (see Table) that the

Table Hypothesis on the pathogenesis ofatheroma

(1) Focal internal elastic lamina damage at birth comprises earliest
visible lesion in coronary atheroma

(2) Cause unknown
(3) Cross-linking of elastin and collagen essential for proper function
(4) Cross-linking occurs via lysyl oxidase, a copper-dependent

enzyme
(5) Vitamin B6 is a second essential cofactor for lvsyl oxidase
(6) Pregnancy induces maternal and fetal deficiency of vitamin B6
(7) Fetal vitamin B6 deficiency may thus permit incomplete cross-

linking--for example, focal damage to internal elastic lamina
(8) Prophylactic increase in vitamin B6 intake during pregnancy is

therefore proposed
5_4 S-. -l

Fig. 5 Coronary artery of infant showing localised
stretching of elastica wlith overlying fibrous intimal
plaque. (Haematoxylin and eosin x 150)

an appreciable amount of conversion into pyridoxal
did occur.

Purification of the enzyme presented great prob-
lems. To my knowledge only three people in the
world were working on it at the time-it is a difficult
enzyme. Eventually Murray obtained a more than
9000-fold purification of the enzyme, which was

homogeneous on SDS disc-gel electrophoresis and
weighed approximately 60 000 daltons. Finally he
showed that if he chromatographed this pure pre-

paration of the enzyme (which had been isolated
from the cartilage of chick embryos previously
injected with 3H-pyridoxine) the peak of the active
enzyme cochromatographed with the peak of
3H-pyridoxal (Murray and Levene, 1977). We were

never able to isolate the enzyme-pyridoxal complex.
Perhaps the Schiff base is too labile. Later, with
Fraser, of the Dunn Nutrition Laboratory, we

showed that B6-deficient chicks developed severe

lesions of their long bone epiphyseal cartilages and a

distinct though indefinable morphological change in
the aorta. Both organs were found to have a greatly
reduced content of lysyl oxidase. However, when
150 ,tg of vitamin B6 was adminiistered 14 hours
before sacrifice the levels of lysyl oxidase rose during
those 14 hours to well above the normal values
(Murray et al., 1978). The evidence that B6 is an

essential cofactor for the cross-linking of collagen
and elastin seems very strong to me.

Hypothesis

Where does this leave us vis-a-vis atherosclerosis?

focal lesions of the internal elastic lamina in the
coronary arteries of children at birth are due to
faulty cross-linking of the elastin and, of course, of
the underlying collagen in the media of these
arteries, and that this faulty cross-linking is due to a
deficiency of an essential cofactor, vitamin B6.
Lumeng et al. (1976) have established that most
pregnant women taking only the 2 mg of vitamin B6
supplement daily advised by the FAO suffer from a
functional deficiency. Measurements have been made
by SGOT assays, but in 1976 these workers made
direct pyridoxal 5'-phosphate measurements on the
plasma of the mother and on the cord plasma of the
child. It now seems clear that 2 mg daily is insuffi-
cient.This multi-disciplinary group has recommended
a daily minimum intake during pregnancy of 4 mg.
Some of you may be surprised that deficiency of such
a ubiquitous cofactor as pyridoxal does not kill or
severely maim the child but apparently only selec-
tively affects cross-links. Let me reassure you that
this does happen. For example, Menkes's kinky hair
syndrome (Menkes et al., 1962) is due to a failure of
normal copper absorption from the small bowel.
Four copper-requiring enzymes are affected-
cytochrome oxidase, lysyl oxidase, the enzyme
responsible for disulfide bonding in the keratin of the
hair, and tyrosinase. Red cell formation, however,
which also requires copper, is untouched. There is
no anaemia because fhere is a selective sparing, and
so an actual human model already exists.

SUGGESTED SEQUENCE OF EVENTS

If these focal lesions of the internal elastic lamina are
accepted as the first visible manifestation of athero-
sclerosis, what then? We have no idea of the primary
cause-is it intrauterine hypoxia, infection, a sudden
rise of blood pressure? What factors decide their
localisation-are these inherent in the structure of
the blood vessel? No answers exist. But I would like

170

copyright.
 on A

ugust 14, 2022 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.s3-12.1.165 on 1 January 1978. D

ow
nloaded from

 

http://jcp.bmj.com/


Atherosclerosis-disease of old age or infancy?

to suggest that each focus represents a nidus in the
internal elastic lamina and in the collagen of the
underlying media on which plaques later develop. I
would not claim that mural thrombosis is the only
cause of plaque thickening, but when I tell you that
in the 98 hearts I examined I found superficial
fibrinous encrustations in two of the stillborn
infants as well as in many of the others, and these
two thrombi were covered by endothelium, you will
perhaps forgive me for believing that the deposition
and incorporation of fibrin from the blood is
responsible, as Duguid has claimed, for at least some
of the progressive intimal thickening.

In recent years the work of Ross and his colleagues
(Ross, 1973) in Seattle on the role of the medial
smooth muscle cell in contributing to the formation
of the intimal plaque has attracted much well-
deserved attention. More recently he (Harker et al.,
1976) has married the smooth muscle cell to the
blood platelet and provided evidence that the plate-
let, on adhering to the intimal wall, releases a factor
which is mitogenic for the smooth muscle cell and is
also chemotactic, luring it into the intima where it
then produces collagen. The evidence stems from
his study in vitro of cultured arterial smooth muscle
cells. In repeating aspects of his work Barnes and I
confirmed that cultured smooth muscle cells (which
grow in a very characteristic manner in vitro in hills
and valleys, being non-contact inhibited, and which
look so different from fibroblasts or from aortic
endothelium) do indeed synthesise collagen. In fact,
we found both type I and type III collagen as well as
elastin (Barnes et al., 1976).

Is this then the whole story? The answer must be
no, because we then proceeded to look at aortic
endothelium in culture. This too grows in a charac-
teristic but contact-inhibited manner. We managed
to show the presence of silver lines in these cells in
culture and also that they produced two of the
enzymes specific to collagen synthesis-prolyl
hydroxylase and lysyl oxidase-as well as the
product of these catalysts, collagen (Levene and
Heslop, 1977). So one possible conclusion must be
that endothelium may also contribute towards the
collagen content of the plaque. This was a possi-
bility that Crawford and I considered in our 1952
study of the mode of organisation of aortic mural
thrombi (Crawford and Levene, 1952). Those
familiar with the monograph on endothelium by
Altschul (1954) will know that this cell has often
been considered to possess multipotential capacity.
One may question whether what we call an

arterial smooth muscle cell may not fundamentally
be .a fibroblast adapted to a special environment,
rather like the myofibroblast described by Majno
et al. (1971) in the healing wound.

171

Possibilities for affecting development of atheroma

Duguid (1976), while offering a glimmer of hope that
we may in time learn to control fibrin formation, is
nevertheless slightly pessimistic about our chances of
affecting the course of atherosclerosis. He notes that
it is a product of ageing and quotes Aschoff that
'there is no remedy for old age'. I have always had
the deepest respect and affection for my old chief,
but if I agreed with him in this view I would be
treating him with less respect than he deserves.

If one is to believe one's own results the logic of
the B6 story impels me to a express a slightly more
optimistic outlook. There are two things to be done
which I believe may prove helpful. Firstly, it should
be possible by feeding pregnant mothers with a
minimum daily supplement of 4 mg of vitamin B6
to ensure that cross-links develop and thus,
perhaps, avoid any sequelae. Secondly, it should be
possible to retard or to prevent the development of a
sclerotic coronary artery if its aetiology has been a
thrombotic episode. Judkins, the American cardiolo-
gist, maintained at the recent two-day symposium
of the Cardiothoracic Institute that angina pectoris,
often the earliest warning of coronary disease, does
not usually occur until three-quarters of the lumen
has been obstructed. There is no non-invasive way
of diagnosing this beforehand. What a remarkably
depressing comment! The occluding thrombus
organises in the usual way to produce a scar which
eventually narrows the lumen, and scarring, once
laid down, is irreversible.

I suggest, on the basis of our earlier silicosis work
(Levene et al., 1968), that it should be possible to
prevent the organisation of the thrombus into a
fibrous scar by attacking the eventual synthesis of
collagen at the most amenable point and so allow the
blood stream to rebore the lumeni. This silicosis work
had been designed to see whether fibrosis, generally
considered an inexorable process not amenable to
therapy, could be slowed down therapeutically or
even halted. Pulmonary silicosis was produced in
rats experimentally and resulted in severe pro-
gressive pulmonary fibrosis. Treatment of these
animals with BAPN, the lathyrus factor, indicated
that it was possible to inhibit the degree of fibrosis
by over 50% without affecting the animals' body
weight. The obvious conclusions were that fibrosis
need no longer be regarded as the inevitable result of
particular pathological processes and that it would
be useful to look for sites in the pathway of collagen
biosynthesis which might prove amenable to a
therapeutic attack on fibrosis.

Finally, I should like to thank the organisers,
particularly the President of the Royal College of
Pathology, Sir Robert Williams, and the members of
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the committee for having offered me this great
distinction today. I obviously did not know Kettle,
but I do know some who did. Duguid once told me
that Kettle, with whom he worked, loved pathology
and had the knack of making it 'fun' for those who
worked with him. Many aspects of what I have just
spoken of have provided me with great pleasure, and
for this I would like to pay tribute to my own
teachers-Crawford, who first 'switched me on';
Duguid, of whom I have spoken; Gross in Boston, a
stimulating and inspiring scientist and teacher; and
Bauer, professor of medicine at Harvard, who
believed that basic science should march in tandem
with clinical work-a great gardener of men. Lastly,
I would like to mention Florey, in whose laboratory
one felt: Here was history in the making. McManus,
the distinguished scholar, pathologist, and histo-
chemist, once told me that modesty was no virtue-
we all, he said, had very good reasons for being
modest, being, in research terms, pygmies on the
shoulders of giants. He also expressed the opinion
that truth was not just 'a rather nice notion' but that
one of its great strengths lay in the fact that it
actually worked. I hope that I will not have led
anyone too far astray today. I thank you.
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