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I .  

I n a s m u c h  as the  compl ica t ions  of ar ter iosc leros is  are the  m o s t  f r equen t  
causes  of dea th  in the  indust r ia l ized wor ld ,  s tudies  of its e t iology have  
been  the  sub jec t  of in tense  interest .  In  h u m a n s  the  condi t ion  is mor-  
phologica l ly  charac te r ized  b y  the  o c c u r r e n c e  of a t h e r o m a t a  in specif ic  
ar ter ies  and  by  myoca rd i a l  infarct ions.  At  p r e s e n t  the  major i ty  of the  
e x a m i n e r s  bel ieves  tha t  a r ter iosc leros is  is a d i sease  i n d u c e d  b y  d is turb-  
ances  of l ipid m e t a b o l i s m  (cholesterol)  and  o the r  r i sk  fac tors  ("mult i facto-  
r ial"  disease),  

The  " l ipid t heo ry"  is ma in ly  ba sed  on  these  u n d i s p u t e d  observat ions .  1) 
The  d e v e l o p e d  a t h e r o m a  con ta ins  large a m o u n t s  of cholesterol ;  2) t he re  is 
a pos i t ive  cor re la t ion  b e t w e e n  e leva ted  s e r u m  choles te ro l  and  trigly- 
cer ides  and  the  inc idence  of m y o c a r d i a l  infarct ions;  3) congeni ta l  (and 
other)  hype r l ip id imias  are assoc ia ted  wi th  vascu la r  lesions;  4) feeding of 
choles te ro l  to  s o m e  species  (especial ly rabbi t s )  leads  to va scu l a r  depos i t s  
of choles te ro l  (so-called " e x p e r i m e n t a l  a therosclerosis") .  

I n n u m e r a b l e  pape r s  have  b e e n  p u b l i s h e d  in wh ich  the  a t t e m p t  has  
been  m a d e  to p r o v e  tha t  ar ter iosclerot ic  les ions are i nduced  b y  infi l t rat ion 
of the  ar ter ial  wal l  b y  cholesterol .  T h e  t heo ry  s e e m e d  to b e  s h a k e n  b y  the  
obse rva t ion  tha t  h igh-dens i ty  s e r u m  l ipopro te ins  (HDL) c o n t ~ n i n g  a b o u t  
20 % of choles tero l  s h o w e d  a nega t ive  cor re la t ion  wi th  the  inc idence  of 
myoca rd i a l  infarcts .  B u t  the  low-dens i ty  s e r u m  l ipopro te ins  (LDL) con- 
raining 50 % choles tero l  are  pos i t ive ly  cor re la ted  wi th  infarct ions;  n o w  
they  have  b e c o m e  the  culpri ts .  

Gradual ly ,  a n u m b e r  of facts  h a v e  been  c lear  wh ich  are hard ly  compa t -  
ible wi th  the  l ipid theory.  The  e x o g e n e o u s  choles tero l  (presen t  in the  
nutr i t ion)  and  the  e n d o g e n e o u s  choles tero l  (main ly  p r o d u c e d  b y  l iver  a n d  
intest ines)  are in homeos t a t i c  equ i l ib r ium (1, 2); the  daffy t u rnove r  is a b o u t  
2000 to 3000 m g s  regard less  of the  a m o u n t  p r e sen t  in the  diet. This  is one  of 
the  reasons  w h y  the  Food  & Nutr i t ion  Board  of the  Nat iona l  A c a d e m y  of 
Sc iences  does  not  a t t r ibu te  i m p o r t a n c e  to the  choles te ro l  con ten t  of the  
diet  (3). 

*) Read on the occasion of receiving the Alton-Barley award of the North Central 
Section of the American Off Chemist's Society. 
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Ear ly  a t h e r o m a t o u s  les ions  show n o r m a l  l ipid con ten t  c o m p a r e d  wi th  
the  s u r r o u n d i n g  t i s sue  (4, 5); la ter  a t i ssue deve lops  s imi lar  to tha t  seen  in 
va r ious  g r a n u l o m a t o u s  les ions  cons is t ing  of la rge  a m o u n t s  of cholesterol ,  
col lagen,  po lysacchar ides ,  ca l c ium and  o the r  minera ls .  In  les ions  such  as 
the  tube rc l e  a n d  the  g u m m a ,  this  t i ssue  has  p ro tec t ive  proper t ies ,  and  
t akes  pa r t  in the  repa i r  process .  I t  is p r o b a b l e  t ha t  this t i ssue  has  s imi lar  
p rope r t i e s  in ar ter iosc leros is  (6). 

E x p e r i m e n t s  feed ing  an ima l s  choles tero l  h a v e  little va lue  s ince 
a t h e r o m a t a  a n d  m y o c a r d i a l  infarc t ions  are no t  obse rved ;  in con t ras t  to 
h u m a n s  choles te ro l  depos i t s  are p r e s en t  in all organs;  f inally the  diets  are 
en t i re ly  unphys io logica l .  

Conce rn ing  the  re la t ion  of hyper l ip id imias  to ar ter iosclerosis ,  famil ial  
h y p e r c h o l e s t e r o l e m i a  is usua l ly  ci ted as the  p a r a d i g m  of a hype r l i p idemia  
induc ing  ar ter iosc lero t ic  lesions.  However ,  s o m e  au thors  bel ieve  tha t  the  
vascu la r  les ions  in famil ial  hype rcho l e s t e ro l emia  differ  f r o m  those  seen  in 
ar ter iosclerosis ;  in o the r  hype r l i p id imeas  it is b y  no m e a n s  sure  w h e t h e r  
the  h y p e r l i p i d e m i a s  are  a cause  or a c o n s e q u e n c e  of the  condi t ion  (7). 

The  l ipid t heo ry  canno t  exp la in  w h y  the  a t h e r o m a  and  the  myoca rd i a l  
infarc t ions  are  obs e rved  on ly  in h u m a n s ;  w h y  the  les ions  occu r  only  in 
cer ta in  pa r t s  of the  arterial  b e d  (aorta, coronar ies ,  b ra in  and  leg arteries); 
w h y  the  les ions  show spo t ty  d i s t r ibu t ion  and  w h y  the  les ions (a l though in 
s o m e  fash ion  p r e s en t  t h r o u g h o u t  life) i nduce  clinical s y m p t o m s  a t  a 
" p r o g r a m m e d "  t ime.  R e d u c t i o n  of s e r u m  choles te ro l  b y  d ie ta ry  or  o the r  
m e a n s  has  no  inf luence  on the  course  of the  disease.  Al toge ther  the  l ipid 
t heo ry  is p r o b a b l y  obsolete .  

The  a s s u m p t i o n  tha t  ar ter ioscleros is  is a "mul t i fac tor ia l  d i sease"  m a y  
be  de r ived  f r o m  a mi sunde r s t and ing .  T h e  theo ry  is ba sed  on  the  fact  tha t  
e n v i r o n m e n t a l  fac tors  such  as s m o k i n g  or over -ea t ing  or  such  condi t ions  
as h y p e r t e n s i o n  and  d iabe tes  are  u n q u e s t i o n a b l y  assoc ia ted  wi th  m o r e  
a d v a n c e d  s tages  of the  lesions.  However ,  the  s a m e  is t rue  for  o the r  specif ic  
diseases.  Fo r  ins tance,  t ube rcu los i s  is t rong ly  in f luenced  b y  c l imat ic  and  
nut r i t ional  fac tors  bu t  it is no t  a mul t i fac tor ia l  disease.  Most  of the  so- 
cal led r i sk  fac tors  m e r e l y  m o d i f y  the  in tens i ty  of the  basic  lesions,  whi le  
e leva ted  levels  of s e r u m  choles tero l  are not  a r i sk  fac tor  at  all, bu t  are a 
c o n s e q u e n c e  of the  condi t ion.  

II.  

The  r evo lu t iona ry  d e v e l o p m e n t  in mo lecu la r  b io logy dur ing  the  pas t  
decades  have  i n t r o d u c e d  n e w  concep t s  a b o u t  the  aging processes1). S ince  
the  re la t ion  of ar ter iosc leros is  to aging p h e n o m e n a  has  b e e n  emphas ized ,  
a t  leas t  s ince V i r chow (8), it m a y  be  r eward ing  to a s k  w h e t h e r  the  chemica l  
and  s t ruc tura l  changes  k n o w n  to exis t  in ag ing  ar ter ies  are suff ic ient  to 
exp la in  ar ter iosclerot ic  lesions,  or  w h e t h e r  ar ter iosc leros is  e n c o m p a s s e s  
fea tures  wh ich  necess i t a te  the  a s s u m p t i o n  tha t  it is a d isease  sui generis .  
The  h igh  l ipid va lues  of ar ter iosclerot ic  t i ssues  are b y  no m e a n s  specif ic  
for  this  condi t ion  b u t  are found  in aging t i ssues  in general .  This  has  b e e n  

1) Dr. Maria Huryn of the "Human Health Science Libraries" of Columbia 
University conducted a routine computer search of publications about the relation 
of DNA changes to aging processes. She found between 1971 and 1980 479 publica- 
tions (in English and German). 
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d e m o n s t r a t e d  in s tudies  of s e r u m  choles tero l  levels  in o lder  peop l e  (9), in 
ana lyses  of " b u l k "  t i ssues  (skin ad ipose  and  connec t ive  t i ssues  [10]) and  
par t icu la r ly  in ana lyses  of n o r m a l  h u m a n  aor ta  a t  var ious  ages  (11). 

T h e  ques t ion  of w h e t h e r  the  h u m a n  ar ter iosclerot ic  lesions can  be  ful ly 
u n d e r s t o o d  as pa r t  of the  n o r m a l  ag ing  p rocess  or  w h e t h e r  addi t iona l  
fac tors  sugges t  a m o r e  specif ic  d isease  has  been  d i scussed  at  length.  
B l u m e n t h a l  (12) be l i eved  it  to be  essent ia l ly  a c o n s e q u e n c e  of aging,  whi le  
B i e r m a n  (13) is m o r e  in favor  of a specif ic  d isease  process .  One of his 
a r g u m e n t s  is the  fact  tha t  an ima l s  a l though  e x p o s e d  to the  s a m e  envi ron-  
men t a l  condi t ions  do no t  deve lop  the  morpho log i ca l  s igns of the  h u m a n  
condi t ion.  However ,  th is  a r g u m e n t  is b y  no m e a n s  conv inc ing  b e c a u s e  
aging p rocesses  in h u m a n s  and  an imals  di f fer  sha rp ly  (e.g. in the i r  life 
span).  The  obse rva t i on  tha t  ar ter iosc leros ic  s y m p t o m a t o l o g y  var ies  
grea t ly  in d i f ferent  h u m a n  popu la t ions  can  be  exp la ined  b y  genet ic  and  
e n v i r o n m e n t a l  modi f i ca t ions  of the  lesion. S u c h  biological  var iabi l i ty  does  
not  r equ i re  the  a s s u m p t i o n  of a disease.  Al toge the r  it s eems  permiss ib le  to 
conc lude  tha t  the  ar ter iosclerot ic  les ion is essent ia l ly  pa r t  of the  no rma l  
aging processes .  

B u r n e t  a n d  White  (14) be l ieved  tha t  ag ing  p rocesses  m u s t  be  re la ted to 
changes  in the  cell nucleus ,  and  la ter  Hayf l i ck  (15) e x p r e s s e d  the  cur ren t  
feel ing tha t  " c hanges  occur r ing  in the  genet ic  p r o g r a m  of indiv idual  cells 
s e e m  to be  the  m o s t  t enab le  hypo thes i s  to exp la in  f u n d a m e n t a l  causes  of 
aging".  

E v e n  an  abb rev i a t ed  rev iew of the  ideas  wh ich  h a v e  been  deve loped  
a b o u t  the  re la t ionsh ip  of ag ing  to changes  in the  genet ic  ma te r i a l  would  
exceed  the  l imits  of th is  d iscuss ion.  A s u m m a r y  of the  var ious  "geno-  
t rop ic"  theor ies  of aging p r e p a r e d  b y  G. M. Mar t in  (16) is s h o w n  in table  1. 

Table 1. George M. Martin; Advances in Pathobiology V. 7, p. 6, (1980); reproduced 
with the permission of the author and the Thierne-Stratton publishers. 

Selected genotropic theories of aging 

I. Theories emphasizing modifications in gene structure: 
A. Intrinsic mutagenesis 
B. Protein synthesis error catastrophe (via abnormal DNA polymerase) 
C. Cross-linking and free radicals 
D, Autoimmunity (mutational or recombinational origin) 
E. Slow virus (mutational or recombinational origin) 

II. Theories emphasizing modifications in gene expression: 
A. Neuroendocrine clocks, including the pituitary "death hormone" hypothesis 
B. Progressive transcriptional repression 
C. Isoenzyme shifts 
D. A11elic exclusion 
E. Codon restriction, including theory of tRNA hypomethylation 
F. Specific post-translational midifications of protein 
G. Alterations in protein turnover 
H. Terminal differentiation 
I. Autoimmunity ("unmasking" of antigens) 
J. Slow virus (derepression) 
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For  the  clinician, the  re la t ions  to a u t o i m m u n i t y  and  e x t r a c h r o m o s o m a l  
subce l lu la r  o rgan i sms  are  par t icu lar ly  interest ing.  

Aging  is assoc ia ted  wi th  dras t ic  i m m u n o l o g i c a l  changes  (17, 18). On the  
one  h a n d  the  l y m p h o c y t e s  unde rgo  changes  w h i c h  r educe  the i r  
i m m u n o l o g i c a l  compe tence .  On the  o ther  hand,  all t i s sues  show changes  
wh ich  m a k e  it diff icult  for  the  i m m u n e  s y s t e m  to recognize  t h e m  as self. 
The  t i ssues  m a y  be  changes  b y  " intr insic  mutagen ic i ty" .  The  a l te red  D N A  
p r o b a b l y  i nduced  the  f o r m a t i o n  of def ic ient  p ro te ins  wh ich  have  ant igen-  
l ike character ;  these  could  p r o v o k e  a n t i b o d y  format ion ,  and  chronic  
i n f l a m m a t o r y  changes .  I t  is no t  u n r e a s o n a b l e  to a s s u m e  tha t  changes  of 
this sor t  p lay  an  i m p o r t a n t  par t  in the  d e v e l o p m e n t  of ag ing  p h e n o m e n a  
inc lud ing  the  ar ter iosclerot ic  lesions. 

One of the  m a i n  d iscover ies  of mo lecu la r  b io logy is the  d e m o n s t r a t i o n  
tha t  the  g e n o m e  con ta ins  i n d e p e n d e n t  (or s emi - independen t )  o rgan isms .  
In  Nov ick ' s  (19) words ,  the  cell is " an  ecological  n iche  occup ied  b y  a 
va r ie ty  of subcel lular ,  s ubm i c ros cop i c  o r g a n i s m s  - o r g a n i s m s  w h o s e  
s t ruc tu re  and  r ep roduc t ive  dynam i cs  are so p r o f o u n d l y  di f ferent  f rom 
those  of cel lular  f o rms  tha t  they  should  p r o b a b l y  be  ass igned  to a n e w  
t a x o n o m i c  k i n g d o m " .  In  addi t ion  to "s low v i ruses"  ( G a y d u s e k  (20)), plas-  
m i d s  (Lede rbe rg  (21)) and  Virons (Diener  (22)) h a v e  b e e n  desc r ibed  (the 
la t ter  two  p r e d o m i n a n t l y  in p rokar io t ic  cells). The  a p p e a r a n c e  of these  
o rgan i sms  in the  cell can  be  t raced  to the  cons tan t  e x c h a n g e  of genet ic  
mate r ia l s  b e t w e e n  cells ever  since they  c a m e  into ex i s t ence  (Archer  (23)). 
This  p rocess  is one  of the  f u n d a m e n t a l  forces  in evolut ion.  

The  e x t r a c h r o m o s o m a l  o rgan i sms  show e n o r m o u s  var iabi l i ty  and  
specif ici ty;  s o m e  au thor s  have  sugges t ed  tha t  they  could  be  r e spons ib le  
for  o rgan  specif ic i ty  of the  lesions,  and  their  p r o g r a m m e d  appearance .  
This  t heo ry  is s u p p o r t e d  b y  the  fact  tha t  s low vi ruses  are ub iqu i tous ;  they  
are t h e  p r o d u c t  of hos t -v i rus  in te rac t ion  fo rmed  by  evo lu t ionary  p rocesses  
(Burne t  (24)). T h e y  m a y  h a v e  incuba t ion  per iods  of severa l  decades ,  at the  
end  of wh ich  clinical s y m p t o m s  m a y  appear .  

III. 

If one accepts the premise that arteriosclerosis is part of the aging 
process, an explanation of its pathogenesis on the basis of the mechanisms 
discussed can be attempted. The increased lipid values are at least partly 
related to the hpid changes observed in aging tissues. The composition of 
the arteriosclerotic lesion suggests on the one hand the presence of auto- 
immune processes and on the other hand indicates that (similar to 
granulomatous tissues) the lipid accumulation is part of the adaptive 
processes developed in response to the molecular-biological changes tem- 
porarily counteracting the destruction of the vascular wall. The organ 
specificity and the programmed appearance of the clinical symptoms can 
be explained by the action of the extrachromosomal organisms of the 
genome. These processes may be supported by the unfaithfulness of DNA 
transcription with advancing age. 

This sketchy attempt to find an approach to the understanding of the 
symptomatology of arteriosclerosis on the basis of age-related molecular- 
biological phenomena suggests that arteriosclerosis is part of the normal 
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h u m a n  evolution.  I n a s m u c h  as the  belief is widespread  a m o n g  biologists 
that  all s t ructures  deve loped  in normal  evolut ion confer  advantages  to the 
species (" te leonomy" (25)) one may  ask about  the deeper  mean ing  of 
arteriosclerosis for man.  

The cont inuing  evolut ion of the species is possible only if old individu- 
als are r emoved  in order  to create living space for those  in their  reproduc-  
tive years. Therefore,  aging m u s t  be cons idered  to be a necessary  adapt ive  
phenomenon .  Popu la t ion  g rowth  in the industrial  societies is main ly  
control led by two mechanisms ,  namely  mal ignant  g rowth  and arterio- 
sclerosis. I n  tha t  dea th  f rom arteriosclerosis is p robab ly  preferable to tha t  
f rom cancer, arteriosclerosis m a y  confer  advantages  even to the indi- 
vidual. 

Summary 

In view of the fact that complications of arteriosclerosis are the most frequent 
causes of death in industrialized societies, its etiology is of enormous interest. The 
widely held lipid theory (detrimental effects of cholesterol) has been attacked 
because it cannot account for such facts as the homeostatic relationship of endogen- 
ous and exogenous cholesterol; for the "normal" cholesterol content of the early 
atheroma; for the distribution of the lesions, their spotty occurrence and their 
"programmed" appearance. Arteriosclerosis is part of the normal processes of aging 
which are related to molecular-biological changes. Autoirnmune processes and the 
effects of extrachromosomal organisms of the genome (viruses, plasmids, viroids) 
are clinically of interest. Arteriosclerotic lesions are probably influenced by autoirn- 
mune processes; the variability and specificity of the non-chromosomal organisms 
may explain the location of the lesions; the end of the incubation period of the 
organisms may be responsible for the programmed appearance of clinical symp- 
toms. The lipid changes are probably part of the adaptive mechanisms counteract- 
ing the rapid destruction of the vessels following the DNA alterations. Arterio- 
sclerosis is part of normal evolution. 

Zusammenfassung 

Im Hinblick darauf, dab Komplikationen der Arterioslderose die h~ufigsten 
Todesursachen in den Industrieliindern sind, ist ihre Atiologie von enormer Bedeu- 
tung. Die weir verbreitete Lipidtheorie (besonders die Annahme yon cholesterinbe- 
din&ten Schiiden) kann nicht aufrechterhalten werden, da sic vie]e Tatsaehen nicht 
erkl~ren kann. Hierher geh6ren z.B. die hom6ostatische Beziehung zwisehen 
exogenem und endogenem Cholesterin; der ,,normale" Cholesteringehalt des frii- 
hen Atheroms; die eharakteristische Verteilung der L~sionen sowie das sozusagen 
,,prograrnm~/~ige" Auftreten der klinischen Veriinderungen. Ar%eriosklerose is% ein 
Teil der normalen Altersprozesse, die mit Ver'~inderungen des Genoms einherge- 
hen. Von klinischem Interesse sind dabei besonders Autoimmunprozesse und 
Ver'~nderungen der extrachromosomalen Organismen des Genoms (Viren, Plas- 
mide, Viroide). Die spezifischen Effekte dieser Organismen k6nnten die charakteri- 
stische Verteilung der arteriosklerotischen L~isionen erk1~iren, und das Ende ihrer 
Inkubationszeit k6nnte vielleicht fiir das mehr oder weniger prograrnm~i6ige Auf- 
treten der klinischen Komplikationen verantwortlich sein. Die Lipidver~inderun- 
gen sind wahrscheinlich ein Teil der Adaptionsvorg'ange, die der rapiden Zerst6- 
rung der Gef~iJ3e nach dem Auftreten der DNS-Ver~nderungen entgegenwirken. 
Arteriosklerosc ist ein Tell der normalen Evolution. 
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