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Atherosclerosis i s  generally considered t o  be the  major disease of 

t h i s  era. 

in the  form of occlusive phenomena, a r e  responsible f o r  more deatfi and dis- 

a b i l i t y  than any other disease. 

I ts  consequences i n  the  coronary, cerebral ,  and peripheral  a r t e r i e s  , 

I n  spite of much study and research there i s  

s t i l l  no agreement concerang the sequence of pathogmetic events, etiology, 

o r  treatment of atherosclerosis. 

occlusions (almost always a consequence of atherosclerosis)  i n  yo’mg me3 from 

The not-too-rare occurrence of coronary a r t e ry  

20-40 years of age tes t i f ies  t o  the f a l l acy  of the s t i l l  prevalent idea t h a t  

atherosclerosis i s  a problem of the aged o r  seni le ,  

t h rea t  i n  the prime of‘ l i f e .  

For the male it is a r e a l  

The a b s e x e  of tha disease a t  autopsy i n  many 

persons who have swvived t o  be octogmsrlans i s  eloquent evidence that athero- 

sc le ros i s  shoa’d be regarded a s  a disease and not a s  an inevitsSle consequence 

of ageing. 

For mariy yezrs it has bee2 moan t h a t  cholesterol (and i t s  esters), 

phospholipids, and f a t t y  acids are  promlnent corcponents of ear ly  atheromatorrs 

lesions,  wnereas secondary pathological processes mpervecing may a l t e r  the 

r e l a t ive  prepocderance o f  cer ta in  of these subsfances i n  l a t e  lesions. Sone 
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vorkers have , indicted exogenous (d i t ta ry)  cholesterol  fo r  the  production of tne 

disease,  while others  have denied the significance of t h i s  source of cholesterol 

on the  basis  t h a t  large quant i t ies  of cholesterol  may be endogenously synthesized 

’ 

from such precursors a s  water and acetate. 

t h a t  a therosclerosis  is  the r e su l t  of the chylomicronemia which followsaneals. No 

agreement has been i n  s igh t ,  largely because no objective means f o r  the evaluation 

of conf l ic t ing  ideas 

The suggestion has a l so  been made 

have been a-(Jailable, 

In  any e f f o r t  t o  formulate a concept of t h i s  disease process one must 

take cognizance o f  ce r t a in  well-established c l i n i c a l  and experimental observations 

and determine.whether a r?en concept is  i n  harmony with such observztions- vre 

s h a l l  describe b r i e f ly  sewre1 pertinent fea tures  of a therosclerosis  and then 

attempt t o  show t h a t  our expe;.iqents and the ideas w e  have evolved therefrom 

do provide a reasonable picture of sone aspects of t h i s  disease. 

_I_-------- A.. Blood chol-estarol 3.evels 2 Llyrisd deterninotions of blood cholesterol 

leve ls  have been made 3y workers a l l  over the world i i l  an e f f o r t  t o  show whether 

or not the blood cholestarol  (free or e s t e r i f i ed )  i s  eleveted i n  those pat ients  

who develop atherosclerosis.  The r e su l t  remeins highly controversial .  Sone, 
-. . 

workers claim a s ignif icant  elevation i n  blood cholesterol  l e v e l  f o r  8 majority 

of pGLients v i t h  a thsrosclercsis ,  while others d e h t e  t h i s  f i ad iag  vigorously. 

Certainly D treqendous number of people who suffer from the consequences of 

a therosclerosis  show blood cholesterols i n  the accepted normal range. There does 

e x i s t  a group o f  disease staSes (including diabetes mel l i tus ,  nephrotic nephrit is ,  

severe hypothyroidism, and essent ia l  fa -n i l ia l  hypercholesterolemia) i n  which the 

blood cholesterol l eve l  may be appreciably elevated, Such pa t i en t s  do show, i n  

general, e a r l i e r  and more severe atherosclerosis than the population a t  large. 

Yet no bridge has been established between t h i s  r e l a t ive ly  smll group and the 

vast  population of ind iv iduds  with ilorrnal blood choiesterols  from which the 

majority o f  v i c t in s  of Etherosclerotic disease a re  drawn. 
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B. Experimental Atherosclerosis in the Rabbit: Anitschow (1) 

demonstrated t h a t  cholesterol  feeding i n  the rabbi t  r e s u l t s  i n  the production 

of hypercholesterolemia and of a lesion i n  the a r t e r i e s  great ly  resembling the 

human atherosclerot ic  lesions.  Controversy has existed i n  the  l i t e r a t u r e  since 

Anitschow's work, c r i t i c i sm of the significance of his experiments having centered 

largely around the f a c t  {hat the rabbi t  is herbivorous and hence ordinar i ly  

ingests  essent ia l ly  no cholesterol. 

the  human problem a r e  obtainable from cholesterol-induced atherosclerosis i n  the 

rabbit. 

opinion i s  based below. 

I 

It is our opihion t h a t  per t inent  clues t o  

IJe s h a l l  endeavor t o  d e t a i l  the observations and ideas  on which t h i s  

C. Incidence of Atherosclerosis in Humans: The common medical know- 

ledge tha t  the incidence of atherosclerosis,  i t s  severity,  and its complictitions 

increase, i n  general, with age must be accounted f o r  in any overa l l  concept 

of t h i s  diseese. This must be done w h i l e  s t i l l  reckoning with the observations 

t 3 a t  severe atherosclerosis  nay be seen i n  young individuals,  especial ly  males, 

and that a t  autopsy many persons of a l l  age groups may be f r e e  of atherosclerosis.  

Another unexplained but s t r ik ing  f a c t  is the  occurrence of coronary a r t e ry  occlusiors 

(secondary t o  a therosclerosis)  i n  males f a r  more frequently than in females, 

t b i s  d i f f e r e n t i a l  being most pronounced i n  the  age group below 40 years and de- 

creasing s teadi ly  with increasing age &ove 40 years. 

It i s  reasonably cer ta in  t h a t  the var ia t ions i n  ana ly t ica l  blood 

cholesterol  levels  i n  the poups  j u s t  discussed f a l l  f a r  shdr t  of affording an 

adequate explanation of the  f ac t s  regarding incidence of the disease. 

D. Occurrence of Atherosclerosis i n  Association with Diabetes Mellitus: 

As a group diabet ic  pa t ien ts  are more susceptible t o  ear ly  and severe athero- 

sc le ros i s  than is  the population i n  general. 

on diabetes tha t  atherosclerosis and i t s  complications represent the  major problems 

It has been s t a t ed  by au thor i t ies  
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facing diabet ics  nov t h a t  insu l in  i s  available t o  prevent f a t a l i t i e s  due t o  the  

diabetes i t s e l f .  Hypercholesterolemia alone does not account fo r  the extra- 

ordinary suscept ib i l i ty  o,f d iabet ics  t o  atherosclerosis.  

* * * * 
Some two years ago the present group of authors undertook a physico- 

chemical investigation df those giant molecules of serum which m y  consist  of 

cholesterol,  i t s  esters, phospholipids, f a t t y  acids, and protein a s  building 

blocks. 

exis t  i n  cer ta in  of these giant  molecules, which could be responsible fo r  the 

development of a therosclerosis ,  whereas the mere ana ly t ica l  l eve ls  of any of  the 

The basic premise was t ha t  it is ent i re ly  possible t h a t  a defect  might 

building blocks i n  serum might be of l i t t l e  or  no significance, 

it would not necessarily be any more log ica l  t o  study the t o t a l  l eve l  of serum 

cholesterol i f  we a r e  in te res ted  i n  a par t icu lar  mlecu le  containing cholesterol  

Thus, i n  a sense, 

than it 

albumin 

service 

(Spinco 

Gofman, 

respect 

how the 

would be t o  study serum alanine or glycine levels  if  it were serum 

about which w e  a r e  concerned. 

i n  t h i s  research has been the preparative and ana ly t ica l  ul t racentr i fuge 

Model E). 

and Strisower (3 )  have explained the u l t racent r i fuga l  s i t ua t ion  with 

t o  the l i p i d s  and l ipoproteins of rabbi t  and human serum and have shown 

ul t racentr i fuge may be used t o  characterize cer ta in  physico-chemical 

The instrument found by us t o  be of grea tes t  

Gofman, Lindgren, and E l l i o t t  (2) and Undgren, E l l i o t t ,  

properties of these components in the native s ta te .  

revealed tha t  a considerable d ivers i ty  of components exists i n  the low-density 

group heretofore known 6s the  Bl-lipoprotein. 

atherosclerosis gave us per t inent  leads with respect t o  the hunan problem, t h i s  

aspect of the work m i l l  be described first. 

O u r  subsequent work has 
c 

Since the research with rabbi t  

-- Serum Uuid  and Lipoprotein Chanpes i n  the Rabbit DevelouinP Atherosclerosis 

Normal rabbi t s  (3)  show a l i p o p r o t e b  of hydrated density 1.03 gms/cc 
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i n  t h e i r  serum. This l ipoprotein contains approximately 30% cholesterol by 

weight. 

tween 5 and 8 Svedberg u n i t s  under our  specified conditions. 

Ultracentrifugally it appears a s  a single component of f lo ta t ion  r a t e  be- 

3t)c 

On feeding r abb i t s  three grams of cholesterol per week a highly in- 

te res t ing  sequence of events occurs, which we believe has a d i r e c t  bearing on t h e  

development of a therosclerosis  in these animals. The i n i t i a l  increment i n  serum 

cholesterol during t h e  feeding i s  manifested by an increase i n  the concentration 

of the previously ex i s t ing  5-8Sf component. The leve l  of t h i s  component may in- 

crease a s  much as  four-fold. 

increase i n  leve l  of the 5-8Sf component, a se r ies  of new cholesterol-bearing giant  

molecules aqpear i n  the  serum, including several  detectable components, o f  Sf class 

10-30 ( i n  some cases components of even higher Sf values apoear). 

these new components develop the  l eve l  of the 5-8Sf molecule is  maintained a t  an 

aoproximtely constant value, the  serum cholesterol increnent thereaf ter  being 

essent ia l ly  a l l  i n  the form of the  molecules of higher S 

rabbi t  inay show any number (from none t o  a l l )  'of the new components i n  m i t e  

, 

I n  other rabbi ts ,  however, following the i n i t i a l  

Meanwhile as  

values. Any pa r t i cu la r  f 

of the  fac t  t h a t  t h i s  animal receives the  same maintenance ra t ion  of cholesterol  

as do a l l  the other animals. 

high concentrations of the  molecules just described sca t t e r  l i g h t  intensely 

Sera or  sodium chloride solutions containing 

(are turbid). This i s  worthy of note since many authors erroneously 

# * 
Schoenheimer and Sperry. 

A l l  analyt ical  cholesterol  determinations were made by the  method of 

* 
when they are  of lower densi ty  than t h a t  of the medium i n  PJhich they a re  dissolved) 
we shall refer t o  f lo t a t ion ,  instead of using the more cumbersome term, "negative 
sedimentation". The Svedberg u n i t  (1s equals lP13 cm/sec/dyne/gm.) w i l l  be used. 
Thus a molecule described as having a f lo t a t ion  r a t e  of 20s un i t s  under our 
soecified conditions w i l l  be re fer red  t o  as a molecule of the  20Sf class ,  etc. 

Hereinafter wherever molecules move against a centr i fugal  f i e l d  (as  they do 

A l l  the  runs reported i n  t h i s  communication were made a t  a temperature of 
27 f 2 O C  i n  a sodium chloride solut ion of density 1.0625 (unless otherwise stated), 
using low-density substances previously isolated by d i f f e r e n t i a l  preparative 

value of sedinentation runs, since w e  feel  it may 
u l t ina te ly  prove more vaiuable t o  r e t a i n  the  data i n  the form obtained ra ther  than 
t o  add m w h  unnecessary calculat ion and back calculation. No conclusions reported 
here w i l l  be influenced by corrections f o r  concentration, viscosi ty  changes,due 
t o  s l i gh t  temperature difference between runs or by the Ogston- Johnston @@E&Rmm 
since such corrections a re  outside the range involved i n  our  consideration. 

- - 
* ultracentrifugation. 
E corresponding t o  the S20 

rv 

Flotat ion r a t e s  have not been converted t o  a value 
03 
13 
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a t t r ibu te  the turb id i ty  t o  the  presence of chylomicrons. 

i n  the course of cholesterol  feeding i s  a large f r sc t ion  of  the cholesterol  i n  

rabbi t  serum transported i n  the form of chylomicrons. 

(41(5) which indicate  that chylomicrons contain cholesterol may be i n  e r ro r  

because t h e  aethods of obtaining the  chylomicron fract ion fo r  analysis would allow 

I n  f a c t  a t  no time 

The l i t e r a t u r e  repor t s  

. 

considerable contaminatfon with the much lower molecular weight molecules we have 

described i n  this section. 

The new components t h a t  appear i n  rabbi t  serum with cholesterol  

feeding are d i f fe ren t iab le  by t h e i r  f l o t a t i o n  ra tes ,  and i n  addition by v i r tue  

of the f a c t  t ha t  t h e i r  hydrated dens i t ies  a r e  1.01 and less ,  i n  contrast  t o  the 

value 3.03 for  the molecules of the 5-8Sf c lass .  

The e n t i r e  group of r abb i t s  was autopsied a f t e r  f i f t e e n  weeks of 

cholesterol feeding. 

levels  of the components of Sf greater  than 5-8 units 

sc le ros i s  or showed minimal a therosclerosis ,  whereas mild t o  severe athero- 

sc le ros i s  developed i n  those n i t h  high concentrations of the molecules of the 

It was found t h a t  those rabbi ts  f a i l i n g  t o  develop high 

showed no gross athero- 

SflO-30 c lass  (See Figures 1 and 2). 

a t ta ined comparable leve ls  of the 5-85 

of atherosclerosis one can suggest t h a t  probably t h i s  component i s  not a gu i l ty  

one. 

From the observation t h a t  a l l  the r a b b i t s  

compoaent but showed widely varying degrees 
f 

On the other hand the  correlat ion between the development of severe athero- 

sc le ros i s  and the presence i n  blood of high concentrations o f  components of the 

Sf10-30 class  suggests t h a t  a t  l e a s t  some of these componerrts e i t h e r  a r e  the 

mdlecules which deposit  i n  atheromatous plaques o r  a re  a re f lec t ion  i n  the  blood 

of the metabolic abnormality which r e s u l t s  i n  cholesterol-induced athero- 

sclerosis .  Direct evidence a s  t o  the deposition of these molecules i n  plaques 

I I 5 4 8 9 3  
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i s  now being obtained by a combination of the ul t racentr i fugal  approach wi th  

labeling of the various liDid and l ipoprotein components with 

in to  the phospholipid and H 

incorporated 

3 incorporated in to  the cholesterol. 

Components of Sf greater than 8s do not a q e e r  i n  serum u n t i l  30-40 

days a f t e r  the i n i t i a t i o n  of cholesterol feeding and further,  such components do 

not amear  i n  aopreciable concentration u n t i l  the t o t a l  serum cholesterol has 

rebched approximately 200-250 m&. 

rabbi t  atherosclerosis shows a "latent" period of about 40 days a f t e r  i n i t i a t i o n  

of feeding and that  atherosclerosis i s  r a r e  o r  minimal i n  experiments of t h i s  

duration i n  rabbi t s  whose t o t a l  serum cholesterols never rise above 250 mg%. 

It has been known a long t i m e  t h a t  experimental 

The correlation between our observations and the older data lend fur ther  plausibi- 

l i t y  t o  'the suggestion t h a t  the molecules of the Sflo-30 c lass  a re  those intimately 

involved i n  the  Droduction of atherosclerosis.  

One point  i s  worth noting with respect t o  the s ize  of these molecules. 

Flotation r a t e s  higher than 8Sf do not in fer  t h a t  the components moving with 

such r a t e s  are of higher molecular weight than the  85f molecules. For two 

molecules of density 1.00 and 1.03 f loa t ing  i n  a medium of density 1.06, there  

w i l l  be armroximately a two-fold difference i n  f lo t a t ion  r a t e s  w i t h  no difference 

i n  molecular keights,  assuming ident ica l  shape factors.  

molecular weights are now being determined upon isolated ul t racentr i fugal  

The shape fac tors  and 

components from rabb i t  serum by the supplementary study of t h e i r  diffusion and 

viscometric properties. 

r 

Human A t  heros c ler o s is 

In  p a r a l l e l  with the  studies of rabbi t  hypercholesterolemia and athero- 

sc le ros i s  an investigation of the  types of low-density molecules present i n  human 

serum has been carr ied on, including those mesent i n  individuals with 

known atherosclerotic disease. It was o f  course obvious t o  search f o r  

s imi l a r i t i e s  i n  the mechanism of cholesterol transport  i n  the human on 
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feeding and i n  the r abb i t  fed cholesterol.  

i n  the human and the r abb i t  appear evsn more extensive than might have been hoped 

The correlat ion between the findings 

f o r  and enable us t o  present a soneahat unified concept of certain-aspects of 

the nature of atherosclerosis i n  both species. 

There a re  preser t  i n  the i so la ted  low density group of molecules from 

many human sera components of f l o t a t ion  r a t e  (under OUT. specified conditions) 

greater  than 7CE, nhich niay correspond t o  the c l a s s  o f  chylomicrons, and i n  

addition, components of hydrated dens i t ies  less than i.00 whose f lo t a t ion  r a t e s  

a re  between 40 and 70s units .  These components a re  markedly influenced by the 

relat ionship between the time of drawing the blood samples and the t i n e  and 

character of previous meals. 

fur ther  keference w i l l  be made t o  these components. 

For the present discussion of atherosclerosis no 

There is  a l so  present 

i n  every one of some 600 sera studied a t  l e a s t  one low-density l ipoprotein,  o f  

Sf value betveen 3 and 8 units ( the Sf of t h i s  component var ies  from individual 

t o  individual) ,  the hydrated density of which is i n  the  range 1.03-1.04 gms/cc. 

Over short  periods (few days) the l eve l  of  and propert ies  o f  t h i s  comonent apoear 

uninfluenced by previous meals. 

In addition t o  the components j u s t  described there  a re  present in’some 

sera ,  but not i n  a l l  sera,  lOV-denSity l i p i d  and l ipoprotein components, containing 

cholesterol,  with f l o t a t i o n  r a t e s  (under our specified conditions) i n  the Sflo-20 

c lass  (See Figure 1). These components a re  eas i ly  d i f fe ren t ia ted  from those con- 

s t i t u t i n g  par t  of the lipemia of meals. It has been possible t o  show by runs of 

f lo t a t ion  versus density of medium that the components of higher Sf values a re  of 

lower hydrated dens i t ies  than the major low-density molecules of the 3-6Sf class.  

By d i f f e ren t i a l  ul t racentr i fugat ion i n  solut ions of  graded density w e  have been 

able  t o  i so l a t e  the individual molecular species i n  a s t a t e  of reasonable 
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ul t racent r i fuga l  honogeneity and t o  do 

ldolecules i n  the S 10-20 c lass  contain 
f 

some studies  of chemical composition. 

approximately 3% cholesterol  by weight, 

but contain l i t t l e  o r  no protein i n  contrast  t o  the major low density group of 

3-8Sf c la s s  which show a protein content of 25% by weight. 

Study of several  groups of individuals with respect  t o  the presence of 

molecules of the Sflo-20 class indicates t h e t  the presence of these molecules 

i n  t h e  serum of humans i s  related t o  the development o f  atherosclerosis.  The 

following groups of individuals have been investigated: 

, 

a. 

b. 

C .  

d. 

e. 

f. 

g. 

h. 

Young women without known disease from 20-40 years of age. 

Young m n  without known disease from 20-40 years of age. 

Sdornen without 

Nen without known disease from 40-70 years 

Diabetic females without addi t ional  known disease from 25-70 years 
of age. 

Diabetic males without addi t ional  known disease fro@ 35-70 years 
of  age. 

Female pat ients  with a proven myocardial infarct ion.  (age group 50- 

Male pat ients  with a proven myocardial i n fa rc t io%(age  group 30-70) 

known disease from 40-70 years of age. 

of age. 

70) 

Since over 95% of myocardial in farc t ions  occur i n  individuals whose 

coronary a r t e r i e s  a re  atherosclerotic,  a group of pa t i en t s  who have hed an 

unequivocal episode of t h i s  type should represent excel lent  material  for the 

evaluation of the significance of Sflo-20 molecules with respect  t o  atherosclerosis. 

To preclude the c r i t i c i sm tha t  metabolic upsets attendant during the period of  

recovery from an acute infarction might a l t e r  the p ic ture ,  or that sny drug 

therapy might do the same, no cases were studied unless the  infarc t ion  had 

occurred a t  l e a s t  six weeks before blood was dram f o r  study. 

required for inclusion i n  t h i s  group mere (a) a typ ica l  c l i n i c a l  history of a 

myoczrdiaf infarct ion,  (b) typical  laboratory findings during the episode, and 

The c r i t e r i a  
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( c) e loc trocardiographic shange s character is t ic  o f  myocardia 1 infarct  ion. 

Pa t i en t s  i n  borderline categories v i t h  respcct t o  any o f  the c r i t e r i a  were 

excluded. 

were e x c l d e d  i n  the e f for t ,  for  the present, t o  elirnin'ate any obscuring of the 

Pa t ien ts  with myocardial infarct ion and co-existent hpertension 

data  by t he  hypertensive s ta te .  In  a l l ,  lo4 pa t ien ts  with myocardial infarctions, 

including 87 males and 17 females, were chosen fo r  t h i s  study. 

The data i n  FAgures 3 and 4 summarize a l l  t he  findings f o r  a l l  of the 

groups exhmined with respect t o  the presence of and concentration of molecules 

of the  Sf10-20 class.  The follcming conclusions a re  drawn from these data: 

a. The incidence of occurrence of measurable concentrations of  molecules 

of the  Sflo-20 class i s  significantly higher i n  males from 2b-40 years of age than i n  

females of the same age group. Assuming t h a t  these Sf10-20 molecules r e f l ec t  

the  metabolic disturbance which r e su l t s  i n  atherosclerosis,  these data are i n  

accord Kith t h e  fact  that  females of t h i s  age group a r e  much less l ike ly  t o  

show signif icant  atherosclerosis than a re  the  corresponding males. 

b. I n  the age group over 40 years, normal males and females both show 

s ign i f i can t  increases i n  the incidence of occurrence of measurable concentrations of 

molecules of the  Sflo-20 c lass  as compared with the corresponding younger age. 

groups. Further the  d i f f e ren t i a l  between the sexes i n  the  older age group is 

lessened compared with tha t  i n  the younger age group. 

congistent with the c l i n i c a l  observations tha t  a therosclerosis  increases i n  

frequency with age i n  both sexes, and that the d i f f e r e n t i a l  decretises with in- 

creasing age. 

These observations are  both 

c. The data indicate a probably higher incidence of occurrence of 

measurable concentrations of molecules of the S$O-20 c la s s  i n  diabet ics  than i n  

the  normals of the corresponding age g rou~s .  

categories larger  numbers of cases w i l l  be helpful i n  es tabl ishing significance. 

However, i n  cer ta in  of the diabetic 

d. One hundred and one out o f  IO4 pat ien ts  with proven myocardial 

in farc t ion  show the presence of moleculep i n  the Sflo-20 c la s s  i n  measurable con- 

D O E  ARcHNs 
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centration. 

d i r e c t l y  re la ted  t o  the development of atherosclerosis* 

This would be fu l ly  anticipated if the Sf10-20 c l a s s  of molecules i s  

The observation tha t  approxiinately 5% of' presumably normal individuals 

i n  the  age group over 40 years show appreciable concentrations of S 10-20 

molecules in t h e i r  serum is  expected from known pathological data  ( 6 )  which 
f 

indicate  tha t  approximately t h i s  percentage of peoDle i n  t h i s  age group are  

developing atherosclerosis,  even though t h e  disease i s  not c l i n i c a l l y  evident. 

The same t.ype of reasoning holds for the other groups studied, including the 

diabetics.  

I n  the rabbi t ,  components analogous i n  many respects  t o  the  Sf10-20 

c lass  of molecules o f  huqans, ap?ear i n  serum as the result of d i e t a ry  overloading 

with cholesterol. 

cholesterol intake a ight  a l t e r  the l eve l  of concentration of the Sflo-20 

It was of in te res t ,  therefore,  t o  know whether the dietary 

nolecules i n  Dersons whose serum contained them. Our nreliminary study of a POUP 

of 20 pa t ien ts  whose d i e t  we have r a s t r i c t ed  i n  cholesterol  and fats hes demon- 

s t r a t ed  the t  the concentration of the Sf10-20 c lass  of  molecules is def in i te ly  

reduced o r  even brought down t o  a l eve l  below resolution u l t racent r i fuga l ly  i n  

17 of the  cases studied Fiithin two weeks t o  one month. 

The Relationship betveen Serum Cholesterol Levels and the Presence of Sflo-20 

Molecules i n  Serum: 

As mentioned ea r l i e r  analyt ical  blood cholesterol  levels have 

proven highly unsatisfactory as 2 measure r e f l ec t ing  the  occbrence  or  progress of 

atherosclerosis.  

A comparison of  blood cholesterol levels  a s  determined ana ly t ica l ly  

(Schoenheimer-Sperry method) vr'ith the presence o r  absence of molecules of the 

We b h i e v e  that our data may indicate  the reason for  this .  

Sflo-20 class  reveals  that ,  although there i s  a general trend toviard increased 

I 1 5 4 8 4 8  



frequency of occurrence of such molecules i n  sera x i t h  cholesterols over 200 

mg%, t h i s  i s  by no means a universal  finding. It is  qui te  common, d s o ,  t o  

. find sera with cholesterol  levels  wel l  below 200 mg% with aopreciable or high 

concentration of molecules of the Sf1O-20 c lass ,  

with cholesterol leve ls  between 120 and l.40 m@! show appreciable concentrations 

In  f a c t  several  s era studied 

of these molecules. 

well over 200 ng% cholesterol  without showing any measurable concentration 

of the Sf10-2O c lass  of molecules. A t  a par t icu lar  cholesterol  l eve l  one 

person my show 25% of the t o t a l  serum cholesterol  i n  the form of Sf10-20 

Further, it is  common t o  find sera with cholesterol  leve ls  , 

molecules, whereas another person may show essent ia l ly  none i n  t h i s  form. 

It should also be noted t h a t  the  detection of the Sf1O-20 molecules when present 

i n  low concentration depends upon the  concentration effected i n  our preliminary 

ul t racentr i fugal  pur i f ica t ion  and uDon the sens i t i v i ty  of t he  op t i ca l  method 

of detection subsequently used. 

w lecu la s  by our methods (representing approximately 1 m& of cholesterol i n  t h i s  

We can readi ly  de tec t  5 mg% of Sf10-20 

fract ion) .  Thus a s igni f icant  concentration of  molecules of the Sf10-20 

c lass  may be present i n  serum and still  represent numerically, but not 

physiologically, an ins igni f icant  f r ac t ion  of the t o t a l  serum cholesterol. 

These f a c t s  help explain why it  has not been possible f o r  previous workers t o  

reach any de f in i t e  conclusions concerning atherosclerosis by studying analy t ica l  

cholesterol values. 

The pa t i en t s  with hypercholesterolemia (over 300 m&), dram fFom the 

individuals Fiithout known disease, from the diabet ics ,  and’ from the  pa t ien ts  

with myocardial infarct ions show no e s sen t i a l  differences u l t racent r i fuga l ly  i n  

the nature of  the molecules transporting cholesterol,  but instead show generally 

an increase i n  the quantity of cholesterol  of serum bomd i n  the form of the 

Sf 10-20 c lass  of molecules. However, many normocholesteiolemic individuals 
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carry nuch more choles te ro l  i n  t h i s  f ract ion (Sf1O-20 xolecules) than do 

hyper c hole s t e r  olemics. Thus since normochole sterolemic individuals and 

hypercholesterolemic individuals may have appreciable concentrations of 

Sflo-20 molecules, it i s  understandable that individuals of both these groups 

should develop atherosclerosis ,  assuming our thes i s  of the  r e l a t ion  of Sflo-20 

molecules t o  a therosclerosis  t o  be correct. This mould provide, then, a 

missing link between th&e groups t h a t  had not been available from the study 

of  ana ly t ica l  cholesterol  levels.  

The mechanism of cholesterol  t r anmor t  i n  the serum of r abb i t s  and 

humanspia giant l i p i d  and l ipoprotein molecules of low-density has been 

characterized. 

r a t e  and lower density than the 'major group of cholesterol-bearing l ipoproteins . 
In  both species there e x i s t  classes of  molecules of higher Sf 

The evidence indicates t h a t  t he  lower density of the molecules of higher Sf 

values i s  a t  l e a s t  p a r t l y  due t o  a lower content o f  protein per molecule. 

Evidence implicating the cholesterol-bearing molecules of the  

3f10-30 class  i n  the production of cholesterol-induced atherosclerosis i n  the 

rabbi t  has been presented. 

A study of 104 pa t ien ts  with proven myocardial infarct ions reveals  

an alnost  universal occurrence of cholesterol-bearing molecules of the Sf10-20 

c lass  (a  c lass  of molecules s imilar  in many respects t o  the Sf1O-30 class i n  

rabbi ts)  a t  f a i r l y  high leve ls  i n  the  blood. 

studied show a lower frequency of occurrence of measurable concentrations of 

All categoric! of  normal humans 

~ S$O-20 molecules than do the myocardial infarct ion pa t ien ts  (a  group of 

pat ien ts  who almost a l l  have coronary a r te ry  atherosclerosis) .  The findings 

i n  the groups other than the rqyocardial infarct ion group are also consistent 

with the expected incidence of a therosclerosis  i n  such groups. 
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Preliminary evidence indicates  t h a t  exogenous cholesterol i n  the  

human as well as i n  the rabbit is a fac tor  i n  influencing the  blood leve l  of 

molecules of the  Sflo-20 class. 

Studies are now i n  progress with other categories of pa t i en t s  

who develop a the rosc l e roks  t o  a degree beyond t h a t  f o r  supposed normal in- 

dividuals of corresponding ages. 

patients with t h e  anginal syndrome but  Vpithout proven infarctions,  nephro t ic ,  

These categories include hypertensive pat ients ,  

patients,  and hypothyroid pat ients .  

of diet ,  with and without adjunctive drugs as thyroid, l ipotrophic fac tors ,  and 

In  addition long-term studies of t h e  effect 

possibly sex hormones, on the  blood level of molecules of the  Sflo-20 class are 

continuing. 

giant  molecules i n  t h e  development of atherosclerosis. 

All these groups should help fur ther  evaluate the  r o l e  of these 

The authors wish t o  acknowledge with grati tude the  generous 

and invaluable advice and assistance given by Professors Hardin B. Jones and 

John H. Lawrence, 
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Figwe 1. Ultracentrifugal f lo ta t ion  diagrams of l i p i d s  ana lipoproteins of the  
human and rabbi t  

The normal rabbi t  (la*) shows only a lipoprotein of t he  Sf5-8 
class ,  but during cholesterol induction of atherosclerosis develops 
additional components of the Sflo-30 class ( lbl and IC'). 
may show only a siggle l ipoprotein of the 3-8Sf c lass  (la), or 
components of the Sf10-20 class mag be present i n  variable degree 
(lb and IC). 
( l a ,  Ib, and IC) represents a region of re f rac t ive  index gradient 
in the c e l l  so great that an entering l i gh t  beam is thrown out of  
the opt ica l  system, 
the resolution-of the Sfl&20 components. 

i n  a c e l l  of  0.8 cc capacity. 

The human 

The ve r t i ca l  bar through the main inverse peak in 

The presence of t h i s  bar does not in te r fe re  v i t h  

A l l  analy t ica l  runs were made a t  a ro tor  speed of 52,640 R.P.M. 

\ 



- 
Figure 2. Plot showing the relzt ionship of severity of athkrosclerosis (as 

determined by autopsy) t o  the concentration of Sf5-E) and Sflo-30 
classes of mclecules. Each number (plotted horizontally) refers 
t o  an individual rabbi t .  

. - .  
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Figure 3.  The above ustograms indicate the percentages of cases showing 
measurable concentrations of  S 10-20 molecules i n  serum by age, 
sex and h is tory  of  nyocardial fnfarc t ion  o r  diabetes mellitus. 
b l e s  and females without known disease s r e  cornpared with proven 
myocardial infarct ions by age increments of 20-29, 30-39, 4.0-54, 
and 55 t o  70 years inclusive. 
types i n  d iabe t ic  group are  presented 
10-54, and 55-70 years f o r  females and 35-70 years in the small 
sample of diabet ic  males. "No cases studied" i s  used t o  denote \ 

t h a t  no myocbrdial infarct ions i n  the par t icu lar  age categories 
involved were available. 

5 

The frequencies of these molecular 
by the ages of 20-39, 



Figure 4 .  Presented by sca t te r  diogram E r e  concentrztions of  Sf10-20 molecules 
i n  individual csses grouped by physiologicsl categorles. Selection 
of bloods for analysis have been l imited t o  20-70 years i n  order t o  
increase the numbers t h a t  could be studied i n  t h i s  age s?an. 
l i m i t  of  resolution, 5 milligrams percent, has been drawn and those 
determinations that a re  essent ia l ly  "zero" a r e  Dlaced below t h i s  
l i m i t .  
present below the Ioefisured concentra ion of= milligrams percent. 

The 

No concentrations of these S 10-20 molecules were found e 

I 


