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b t h e r 0 8 C b r O t 3 i U  is the principal and r ea l ly  important form of arterioscleroair. 

The oonrqusnoer of this p e r t i o u k r  form of ~ r i o s o l e r o s l s  result in the  rerious 

circulatory a c c i d a t r  in the  ooronary, arrebral and peripheral rossalr which 1-d t o  

so rmoh death and d i r r b i l f t y  I n  There has been much debate 

and confurion about the  natme of' t h i s  disease, the exact sequence of pathogenetic events, 

and the r o l e  of cer ta in  dietam faatora in Its demlopmnt and progrerr. 

areor of the world. 

Ever s h o e  

lesionr ln the r ssae le  have been shorn t o  oontrin cholesterol, phorrphollpids and f a t ty  

acid8 there has been oomidembls i n t e re r t  in t h e  problem of w h a t  d g h t  be the souroe 

of thaw l i p i d  materials in a therowlero t ic  p&qws. 

e a r b  ma1 that possiblJ these l i p i d  mstertlr found their w r p  lnt0 the blood T868el 

wall from the blood itself, r iaoe it has h a  known for  yeara t ha t  such subeturcres as 

cholerhrol, phospholipids and f a t ty  raids oiroulate in the blood rtream. 

there  materhls get into the blood stream d i r ec t ly  f'rom aolution or ruspenaion in 

blood, or whether they en ter  the blood verse1 mU, a8 Iaary suggests, v ia  the 

phages which ham migrated fiom the  l i v e r  her been a subject ofbbat .  Fn the literatme, 

with no def in i t ive  a n m r a  forthcoming. 

attempt ta anawer certain queationa concerning the pathogeneair of the atherosclerotic 

prooesr and specifically the r o l e  of blood l ipids  in i ts  development, end the possible 

A teesonebb 8UggeEtiOn made 

Whether 

macro- 

Two p a r s  ago our researob group s e t  out to 

/. 

The rarearch won  whiah this report  i r  h u e d  i s  the result o f  the e f f o r t s  of a 

team of researohera a t  the Donner kboratory of YsdioalPhgsics. The d . g h a 1  teas 

included hank Xbdgren, Harold E l l i o t t  and Jo& Gown and hns b a n  expanded w i t h  

the  inclusion of -Dee& Rardin Jones, D~&WThomes P. 4011, W i l l i a m  Ma$, BewrU 

Strirorrer, John b w f t t ,  Virgil Rerring aad 

article i a  written by one of the group, the Fork inrolred represents the effort8 

John Siwnton. Even tho& t he  

of the ent l re  group a t  one p b a e  or anotha of the researoh. 
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ro le  of r c r a p h g r  mlgration 18 ruggested by hazy in the detsloprsnt of the pathological 

lesion. 

With m a p o t  to nraroplga digration horn t b e ~  liver, reoent work in t h l a  

laboratory b y - M ' J o h n  Sinonton and 

pointed toward 8 d i r ec t  u1s.or t o  th fe  qUeBtion. 

of narophagea of tho Urer, the #phm and bono marrow of the rabbi t  a t  the onaet of 

the  a p a r l m n t a l  period w l t h  ionium-containing colloid6 rh lch  l o o r U n  ln therr cell#. 

The n b b l t r  whore macrophagoo had been labeled were then subjeated to a long period of 

obobr t a ro l  feedding, dtxcing which tias thq developed atherosolerorir. \ I f  the macrOpbrge8 

whiah b d  rocrlvod 8 dore of  ionium-labeled ool lo idr  were functioning durlng tho 

John Qofiaan (88 yet mpubllrhed) has bsm 

Tbe teohnlque ha8 involved the labeliag 

e n t t .  axperirpsnt, it r r  mtic ipa ted  tha t  m e  rhould expact 8 digrrt lon of the radi- 

oCt iT0  i o d u  colloid h t o  the aoztio athororclerotlo pkqUO8. 

the i on iuphbe led  ~ ~ ~ o p h a g e a  rearinad fUnCtiOM1 was provided by glring h d l a  ink 

a t  tho  k r t  day of the feeding period, and & demonatrating thst b d i 8  ink na6 taken 

up kq mcrophager rhloh rhored oonaiderebla r ~ d i o a c t i r i t y  dur t o  the Ionium colloid. 

The remltr of thore . rp.rhantr,  t o  k publbhed in d e t a i l  r h o r t 4 ,  indicate that 

naorophage rPigratlon dom not p h y  8 s l g d f i c a n t  ro l e  in the derdlopmnt of sthero- 

rolero6ir din tho rabbi t  r t  h a r t .  

Demonatration tha t  

The ro le  of blood l l p id r  in tho development of a themrcbro r l a  has been fir- 

V e s t l ~ k d  by 8 Wholb d l f fomnt  8pprOaCh. A8 mentioned aboV8p it h a  I O N  been 8USpeotd 

t h a t  blood l i p id r  night ham romthirrg to do with a t b r o r c l r o r i r ,  oven t o  the extent 

t h a t  the  plquer mlght r e s u l t  &on the in f i l t r a t ion  of these Upidr  into the t e a s e l  

wall. 

choler tom1 l t d f  pwduoed a hypercbohstorolede and stherorclerotic lesions in 8 

feeding period of 8pprO%~1Mte~  3 months. Thus the concept t ha t  hppercholeetero~enb 

In i t rchkm doaonstrated ~ u n y  year8 ago th.t feeding rabbits d ie t6  hi& 

might go hand In b a d  n l t h  the produotion of atherosclerosla was proposed. 

thin and other work there r e d t e d  a large volume of X t e r a t t r e  on et* Of huaan 

blood oho les t e ro t  in .II effort t o  correlate blood cholesterol level nlth the presenoe 

fiom 
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or  devalopwnt of a the ro rc t ro r i r .  

develop a the ro rc l e r~a i r  0- tht l a ,  a ranll p r c e n b g e  of the t o t a l  gtoop - rho do show 

d e f i n l k  and/or prrirtwt hypercholerterolenri.; t h i r  group inclllder p . t l a t r  with d b h t e r  

ullltur, nephrotio nephritis, myxedema a d  e r r en t l a l  f a d l t l  byparaholerterolemia, 

Iloremr, the rumwiq remlt of unf p a r r  of r t n w  of cholertern1 hVBlr on Pgny fbooSrndS 

of popla har been thnt the Tart majority of h d i r i d u l r  rho d f e r  the oonrquences of 

rtherorclarorir in gonerd  do not rhuw an elontad blood aholerterol. Thia f r a t  h r  

l ed  t o  mah dircredlt ing of the rl.@~iflcanoe of oholertcrol in the  derrlopment of the 

direare and h a  led t o  an iap.rre ar t o  tk m o t  role tha t  blood l ipldr might haw in 

the drmbpment of the direare proaerr. 

There i n  a m l a t i v e u  small grmp of people rho 

In Donner b b o r r t o q  we began the of tho problem of tbe  blood Upids from 

the  point of v ie r  t ha t  poeeibu the quantity of aholsrterol or other l ip ide  in the bbod 

80 m86ured the urus1 analytic technlquss d g h t  be of l i t t l e  %@anCe in the patho- 

genesir of tho direare when compared w i t h  tbe nature of the g b n t  mleoules  in tbs 

blood in which cholertaro1 and other l i p ide  8rO oarried. A t  the t h  OIV experiments 

were begun Pedsrren had publithod rome reso l to  concaning I so-cul1.d mX-prOtehm 

er l r t r  in hornen rerum end on w h l o b  he hnd doae n l t r a o m t r ~ ~ l  8tudi.r. 

that t h i n  m h o d e  h r  apparently a l ab i l e  l i p o p o t e h  nhleh w o u l d  d l raooh te  ht0 i t8  

00nrtitP.nt partr 

t o k l  protein oonoentration or certain ohanger in r e n u  r a l t  concentration. 

attempting to reprodwe Pedersenta study d t h  humn rerum 

in the  apparent conoentntion of mtproteinm and eare of l o a h g  t h i n  molecule dur- 

our arnipuLtlona. 

t h a t  did not reem narombl .  on the bas i r  t ha t  the 'X-proteln" and albuarin mer0 two 

80p8?8k rod*nt pakr hi the ultraeentrlftagal diagram. (Sse f-e 1). AS a 

rerul t  Of remra r e!&rtnnts in this d lmot lon  r e  propoaed the theory t h a t  tbe o b r e d  

p s k 8  .hi& gam the  appearance of two redlmenting oonponentr -- the albumin end 'x- 
F o k h "  - were really not auch peaks, but rather t ha t  the mx-prQt8hn, being a 

l l p o p r o k i n  of lor density ( tha t  l e ,  of a density close +a t h a t  of the medium in r h h h  

Be reparted 

s e m r a l  varied maunipuhtionr of norum, including a reduction of  the 

Won 

found similar var iab i l i t J  

Thmre were certain f e a t m r  of this u l t r a c e n t r i h r p l  pattern, however, 

I l^Tfb31 
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it war redimenting) 

gradlent which ox i r t r  a t  tho albumln baUnd.17. Thlr type of  pil ing up of tho lipoprotoin 

a t  tho albumin boundary gave rim, for tho lipoprotein alone, t o  a biphario o m  on 

the  Sohlieren diagrams obtainod in arulytical ultrecentrii\lgation. 

upon a norm1 albualn peak w o u l d  g i n  riro t o  a composite peak which oould be lnisteken 

' f o r  two reprrrto dmweerd rsdlmnting peakr, when in r e e l i t 7  it represented a pile-up 

pp in the  region of the slbumln conoentration 

Tho pile-up ruperimpor& 

of ai0 protain in the  region of a boundary dur to another. 

Oxpecbd indl*idual peak6 for maoh a phenomenon and how the coaposft. p a k s  might spar). 

(Figure 2 denonstretor the 

The reaaon for tha pile-up phenomenon i r  that the  Upoprotoin abangee In i t r  

r a t e  of rodbentat ion and in rom oarer even i t a  dlreotion in tho vlclnity of the a l h m h  

boun-. 

whoreas the rolution r i thout  albumin is l e r s  dense, then a11 the Upoprotein in the 

rolution w i l l  p i l e  up in the  vlc in l t~  of tho albuain-ooncmtration gradient during the o m i  

an ultracontrirugal run. 11180, if the lipoproteinr migrate more rapidly than does 

albumin in the mpernaknt  solution, nhemri  t h q  migrate more s l m ~  than albumln, but 

If the aolutiOn containing albualn i r  more denw than the lipoprotein i t s e l f ,  

in tho rune d i r o c t i m  

meep5.q of the  lipoprotoin into a pile-up on the  albumin baunQv. T b u ,  the u l t r r cen t r in  

diagrams tha t  had been aeon by workerr preriour t o  Oofm, ILndgmn and E l l i o t t  were 

those roprewnting a p i l c u p  of lipoprotein on tho albumin-conosntratlon gradient 

r a the r  than two redlmonting peeks -- tho albualn b0undax-y rod the mbprotoin'. 

was thon rhom 

war not the unr t abh  mlacule which Poderren hed thought it t o  bo, bit wa8 qui te  s t r b b  

t o  such mnneuvers a6 dilution with r a l t  s o l u t h n  or lowering of the protein content. 

%e rerEo11 f o r  the appannt  dieaptmeeranos of ths aX-protsinu in Pcdersen'e  run^ is t ha t  

he had irudvcrrtently adjusted the e x p s r b n t a l  oonditions euch tha t  

OCCUfi.d. 

elbMln-contrining rolution, the net r e su l t  i r  a progressim 

It 

G o W ,  Lindgren and E l l i o t t  t ha t  tho nbpro te inn ,  or lipoprotein, 

&? 

Once there fae ta  were c lar i f ied ,  it bocame possibls t0 think teml8 Of 8 

suitable method for e t u m g  the llpoproteins in rerum in order t o  determine something 

jf the* pQ8i0al d e n i r t q  and diverri ty.  

It war predicted and then observed Oofman, Lindgren and S l l l o t t  that  if 

the density of the rolution were raised to a polnt wch that a11 reglone o f  the solution 

I I I Z b 3 8  
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would ham higher density than t h a t  of ths Upoprotein (of lipoproteins) one should 

obrervo these f H O l ~ O I l b 6  floating egaiast  the c e n t r f i g a l  f i e ld  as inverted p a k s  on 

the  S U e r r n  sedimentation diagram. 

tiwr md  in tbe hand6 of the p e s e n t  workers has become a s t d a r d  technique f o r  stwbg 

the  lipoproteins of serum d i r e o t u  or for rtudyhg irolaUd low dmrity oomonsnts. 

IumerOtll) hmMn mora and the sera of rniraslr ware 5nvertigated 

e f f o r t  to oharacterfre the 1-denritp moleouler whioh had preriously been lumped together 

under the MIW of the  B o b l  lipoprotein or tba " X - p m k L * .  X t  was moon found t ha t  n 

rich diversity of camponante existed from mrum to  serum and, in fac t ,  a single serum 

might have f r o m  one t o  five separate coaponsntr present./ 

This o x p r i m n t  has been repeated thousands of 

t h i o  teobniqae in a 

Theto i r  p r o s a t  in nearu a11 hmmn sera a Upid aggregate which in a solution 

of denrity 1.0625 a t  270 Centigrade (our rtandard conditions) migrates with a r a t e  of 

tmtween 35 .nd 70 Svedberg unitr. This corponent can readily be rhom t o  be greatly 

influenced bgr the r eb t f anah ip  between the time end character of tha last meel and the 

ti- of drawing the blood sarqla. 

the alleontary lipair. 

the  group from 20 tc, 30 Bvedberge, 10 t o  20 Swdbrga, anb 3 t o  10 Svedbergs. 

I n  other uwdr, it represents a p.rt, a t  least ,  of 

In rddition, oomponentr have been seen with migration ra tes  o f  

In rmm 

one of mom 2500 ind i r idus l  rera examined there waa fouad a t  l ea s t  one molecule of the 

low-den6ity olass (density approx1mitel.y 1.03 t o  1.04 grams per eo) which migrated with 

a r a t e  of betweon 3 and 8 Svedberg units. 

25% protein md 75% Upld by weight. 

and oholosterol e s t e r s  being ZItnped togetbsr in this est1arat.e. 

component o f  3 t o  6 Svedberg uni t r  e x i s t s  

a aingl.,  aqparentlf homogeneaue,oo.ponent i s  reen. 

or doublet of oomponenta 1s now under E-. 

aoaponent i s  a l ipapratein of a p p m X h t 0 ~  

I t  i a  a p p r o x i u t r 4  3 s  cholesterol -- free cholertarc 

In rome individuals this 

a doublet of oo~ponentr wherars in other8 

The s igni f icm~ of the s a b t  

Further, there e m  q d t e  definite 

differences in thla & of eompoentr fron OM individual ta another. For eXaaph# 

U one perron p o r ~ e ~ ~ e s " ~  4 Sf component and mother  a 7 Bf ooaponent, the m i x i n g  Of 

there two rera rhowr tbr proseneel of both coqwnentr ra ther  t L n  e i ther  one or the 

other, thus obviating the par s ib i l i t y  t ha t  tba difference in migration r a t e r  might 

Ill2b39 
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been due to  differences of oonditlonr In preparing rolutlons or in -king the ultra- 

centrifugal runs. The group o? low-density oonponcnts of 10 t o  30 Sf =its of f lo ta t ion  

we owt rmtad  with the ardor  lipoprotein o q o n e n t s  by rirtue of t he i r  @eater  migration 

rates and also by virtue of the f so t  t h a t  they are  of  even lower densit7 than are the 

major oomponeats o f  the 1.03 t o  1.04 densit). d a s s .  

ponenta ln tho Sf 10 t o  30 category, a t  l ea s t  o w  of which (whose flotatlon ra te  is 10 

t o  15 81 uni t s )  contains protein, but l e s s  than the  25% protein of the -for aoapon9nts; 

other8 oontrin l i t t l e  or no protein and henoe the t e n  'free l ipids" probably should bs 

There apbear t o  be several COE 

applied to these. 

I n v e r t i g t i n g  the rere of noram1 rabbits in para l le l  with the human mra, the 

Identical  s i t ru t lon  with respeot t o  p i l e u p  of low-density Polecular OD the  a lb l lmb 

concentration gradient 106 observed. 

poasibla t o  adjust  the oonditiona of f lo t a t ion  mob t ha t  the low-density components 

oould k obeerred d g r a t i n g  Inward t m t r d  tbr .xis of rotation in s rolution Of adwqaately 

U t i l i s h g  the techniques desorlbed abom, it was 

high danritr .  A low-density component which i o  a l ipoprotsln of density approxF. te lp  

1.03 - ooetahing apprdmate lJ  3w oholarterol and 2% protein b7 n l g h t  0- is found 

in varylag oonoentration in a l l  rabbits. 

H.tinq thb barlo p i c t u r e d  tha njor oholesterol-baring aonponcnts of  barrn 

and rabbit  rerum, it ma8 possible t o  go ahead with ctudier of atherorolemais and Its 

porsiblr relationships to the blood l ip idr .  

remxlt of  oholesterol f a d i n g  were lnveetigatd. It 111 found sad reported by us t h a t  

d l  rabbit8 receiving cholesterol (3 gms/wssk) developed in the ooupsa of thin fmdbg 

period an Increase, first, of the low-densltj 1ipoprot.b of density 1.03 up t o  B 

o e r t a h  point. 

this h C r 0 8 B e  in the commtr s t i an  of the n o r n l v  ex is t ing  l l p ~ p t o t b i n .  

4 to 8 week6 t h e ) m j o r i b  of rabbits developed m w  components i n  appmoiable oonoentration 

these ooaponents being f i r s t  in the 10 t o  20 6f class and subsequmtu appreaiable 

oonoentrationr even of some in the 20 t o  30 a d  higher f lo ta t ion  r e t e  olasrer. Almost 

011 Of the hmeaent h rerum choleaterol which O C C ~ B  ln the COmse O f  oholesterol 

bbbit r  developing athemsoleroais ae a 

Some of the rabbi t s  never showed my further obngrr Of mrUm beyond 

Hornever, a h r  

1 1  7 2 b i i r j  
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fecdlng goes i n to  these mi corrponents a f t e r  the bald-up of  the lipoprotein cf the 3 t o  

8 Sf class. 

thnt &bro rc l e ro r i s  had developed paralleling roughu in semrity the fhsl  concentration 

of mo&oul.s of the Sf 10 and higher olase; rabbits demloping very low concentrations 

of theso aaleaules i n  the serum showed .o2nillul or no gross atheroscbro8ic. 

there are 50 or more snirP.16 becoming hyperaholssterolemic and froa which further correh- 

t ions  of the oocurrence and severity of etherosobrosie r i t h  the  presence of these com- 

panent8 rill be rvailablo. A t  tbe present t i r  a U  t ha t  can be said froa the existence 

of those components of tho Sr 10 t o  30 class in the serum is t ha t  they are a reflection 

in the blood of the tendmay t o  develop a t h e r o s c l e ~ s l s .  

prove t he t  these molecule# themselves are a c t u l l p  the  ones which deposit t o  form 

atheromtous plaques, or, on the other hand, 5.f 011 the low-density l ip ids  and lip- 

protein8 deporit, t ha t  those of the Sf 10 to 30 class are the wleoules  t ha t  remain behind. 

Direct evidence on t h i s  point is nom being obtained Q the bbsllng of the l ipide and 

llpOprOt.inr of t h i s  claer  in donor rabbi t s  thioh are  hyperoholestemlemlc bp use of P 3 2  

hbelhg of phorphollpid and t r i t i u r r l a b o l h g  of eholesterol. 

w i t h  tho lab1 inoorparakd, are ro-injected in to  other rabbi t s  ders lophg atheroscleroairr. 

Roa an examination of thr r ad loeo t id ty  of the atheroastous plaques It should be pasriblo 

t o  determine whether tbeso moboulss rhioh correbt. with the presence of stherosclerosis 

are aatuallJr the  ones nhiah deposit in plaques. A t  the 8sme tins there e * p e r b n t s  are 

Autopsy of fifteen animals folloting a 15 week feeding period demonstrated 

A t  present 

However, there f ac t s  do not 

The i r o h t e d  components, 

giving 

componontr of rabbi t  orma. 

ram8 idea of tb rate of production .nd destruction of the various u l t racent r i f tw:  

The discovery tha t  cholesterolemb in th8 rabbi t  was by no wens a simple 

inares80 ln on. component but a very special  t p  of increase with d i s t inc t  type of 

molecular appearing 6ugg.rted imJediately that a rearch should be made i n  the human for 

ooaponenta or B i n i l a r  ti& and for r e h t i o n s  betreen such coapanentr and the  development 
5 

of h u m  rtheroacbrosir.’ In  the human most 8tudi.s of atheroeclerosir for a long ti- 

uve contored around an e f fo r t  t o  show t h a t  possibly the t o t a l  l eve l  of cholesterol i n  

the s e m  d g h t  bs Inerewed in those people rho suffered the COMOqUenCeS of athero- 

1 I 3 2 l J 4  I 
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sc l r ro r i r  in one part of the v a r o u l r  bed or another. 

of direare s t a t e s  choraokrised by hyperoholesteroleat and premature atheroscleroeis, 

this i r  a very 8 ~ 1 1  fraction of the t o t a l  group of humens who show atherosclerosis. 

V e r t  u j o r i t y  of pereon8 developing atheroralemria  do 80 with a cholesterol level 

the blood w i t h i n  the presently accepted normal range (103 to 300 mllligrrms percent). 

The ure of the analytical  cholesterol ralru h.8 been re thsr  f r u i t l e r r  

drmonrtrate Its relatlonrhip to the developbent of atherosclerorria. Rith the view that 

poseibly the oholesterol leva1 itsrlf night not be Important but t h a t  the nature of the 

a o l e c ~ s  t nn rpa r t ing  ohohr t e ro l  night be, we r e t  about t o  Investigate the low-density 

l ipide and lipoproteins whiah orrry oholerterol in human rerum. 

Although there r x i r t s  r group 

Tho 

the e f fo r t  t o  

AB mentioned abole, a11 humans rhor a t  loeat om lipoprotein of the density 

obsrL03 t o  1.04 whioh oontaIns oholeaterol. 

oertain human8 showed thr prerenoe of the ewm lower density components of the 10 t o  20 

and 20 t o  30 Sf obmea which are a lso  Important cholesterol-beererr of serum. A 

Bystemstti0 rtudy wee than Initiated, using various group8 of supposedly norinel indi- 

vidurlr  and groups of indiriduah with lmom atherosclerotic disease h an ef for t  to 

determine whether the pnsance of oertain of these components aould k correlated with 

the presence of atheroralerosir. 

by the prerent author and hia  oollemgues in SCISNCE, Februsry 17, 1950. 

atudier have been nade d n o e  tha t  time, and have rerved t o  confirm and rrtend the 

0rig-l obsemetionr. & tigure 

of the findlngr, which indicate a def in i t r  re la t ion  of molecules of the 81 10 t o  20 

ohrr to human atherorcleroris. 

However, early studies revealed tha t  O n 4  

The p m l i d n a ~  finding8 i n  t h i s  mgnrd were publirhsd 

Neny other 

i s  grrn a histQgmE with the  e s s e n t h l d e t a i b  

Oonoeming l irhg bd i r idua l s ,  no rbro&ta d i rea t  rtidenoe oan be obteind 

tLt atherosclerosis r r i s t r ,  but the indireat  widenee is essent ie l ly  certain. For 

oxample, patients with a provon myocardial infarction rill In a t  l e r r t  97 of 100 006eS 

&ve had muoh an infarotion on the basis of ~ therosc le ros is .  

gram t h a t  approximute4 95 percent of patientr  on ad libitum feading with w o c a r d t l  

lnfrrction show the prerence of moleaulea of the S 

It i E  seen *os t h e  histo- 

10 t o  20 class i n  t h e i r  r e m .  f 
I 1 1 2 b 4 2  



-9- 

in vfirkbb conoantmtionr. T h i s  reprermtr  a b s t  univerral occurrence Of such 

8olrcul.s 5n those indi t idus ls  rho have atherosclerosis. By oontrsst, lt i s  men tbat 

b young mmn from 23 to 40 years of age the occurrence of such rnobcUlea 531 s a w n  i 8  

relati-ly ram. 

of euch rolmculoa in the scrua a6 the 40 par age nark I s  paired. 

oocurmaom of such solacales is nuch more f lquent  khan in young women. 

rbor a hi@ fnguency of oocurrenoa o? ouch mlecu l r s  than do n o m 1  iodividuels of 

tba ceu'rmrponding age gr6upr. Tbree patient8 d t h  the mphmtlo  a m -  wem studid 

and ahowad exceedhgly hlgh lavala of aobculer of t h e  Sf 10 t o  20 group. Of 15 

patients r l t h  o l i n l o d  hypothyroidism, 14 showed the presence of such molecules. A 1 1  

Of the 8 b v a  d e e c r i - 4  obremtion6 are eonsistclnt ~ i t h  the known d a h  conoerning the 

Dcc\oT.(1oe ord the o o s ~ ~ i o a t i o M  of atherosclerosis i n  t h e  vrrious BOUD6 studied. 

Hare 16 in the r a b b i t  tk existence of these molecules of the Sf 10 t o  20 C h S S  in  th. 

re& of individuals with athemecloror is  does not prove thst these molecules a c t l l a l b  

deposit t o  fora plrquer, but does show t ha t  they r r e  8t la&, a mfk3ction of the rata- 

bo110 di.turbance uhioh r e su l t s  t atheroscleroris. 

fit- by traoer techniques in the humen as wall a: In the wabbit to desonctrete 

direotb rkther or  not a6 lOT-density ao1.0ul.s of tbe Sf 13 to 20 o h s s  a c t U l b  do. 

form tbr atherosclorotia pbqu.8. The stram rarity oi m h  8 v m t B  

I 
In femler there is E. s t r ik ing  horsasa in the m u ~ n c p  of O C C U T I - O ~ C ~  

In yomg mn the 

Diabetlca 

. 

'>. 

. 

It my be possible fa t h e  near 

tb. 
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o o n o n k  axplanation. Huuevar, it i r  teapting t o  speculate t ha t  p o r r i b 4  thr leas 

well pxotoinired w l e d e  of the lower denrity p u p  may r e m  5.n nom way 18 a stimulant 

t o  phgocytorir by ph.goqt ic  e l emnt s  in tho a r t e r i a l  wall whererr the f i l l y  proteinisad 

molecule of tho 1.03 t o  1.04 density classer doer not. Studier 81-8 now i n  progtesr 

with t i r r u a  culture teohnique in SD effort t o  determine whether or not there is  a 

differonce in phegoc;ltori8 of the various ooaponents b, phagocytic c a l l r ,  of the -0 

t h a t  dght presumably k present i n  the arterial wall. 

Tho quertion arises 1 m d i a t e L J  ar  t o  the m b t i o n r h l p  of the Sf 10 to 20 c h r s  

The b c b  of a relation- of moleoulee t o  t h e  to ta l  analytiaal rerum oholert~rol level. 

rhip except in ce r t rh  groupr h.8  been rhom by IICI t o  ax i r t  and mar well help explain 

the i.p.sse to which analytiorl cholerteroldateminations hrd led. For example, a t  

a rerum cholesterol level of 200 rag 5 there a re  approximtely 

normal group who rill  ahow molecules of t h i n  Sf 10 t o  20 & B E  in the blood a t  a 

meesWabh3 concentration as ones rho w i l l  not. Below thin cholertarol l eve l  there arm ' 

fawar persona showing these moleculer, but r t i l l  a f a i r  percentage w i l l  be positive 

with reroect t o  the prerence of there molecules in  the serum. 

many persons of the . 

It i r  not rare t o  find 

moleculas of th. Sf 10 t o  20 class in the serum of individuals rhore t d t e l  serum choler- 

t e r o b  are an low a8 120 mg. 

y e t  found any persons rho do not show a p m o i s b l e  concentrations of  the Sf 10 t o  20 

pglecolee in their 

Above a rerum cholesterol of  300 mg $ we have not 

ranm. A l l  these observationr taken together help us understand 
- 

r therorclerosir  may well be related t o  blood l i p i d  transport  when evaluated in thi8 
N 

c 
rcmr l ight ,  rlnce *ere does exist a feature o m o n  to hypercholartrrolsrnic individual# 

rhw more than w u a l  atheroscleroris and individuals h~v ing  n o m 1  oholesterol 

level8 who ny have a tb rosc l e ros i s ,  nemsu, the presence in the serum of molecules Of 

the Sf 10 to 20 c t s i .  h o r n  these etatementr it is evident t h a t  if the presence o f  the 
4% 

sf 10 t0 20 IBOleCUl~s in the @ e m  i6 E E@Cerrrry finding h the 80- 08 $11 index t0 

active i t b r o s c l e r o r i s ,  then ths determination of anrlytiaai cholerterol  valuer is 

a s r e n t h l l y  a meaningleas c r i t e r ion  for the ram purpose, e f ac t  which has actually been 

evident fo r  a long period of time, with the esception of the group of individuals of 
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the  frankly hpercholesterolemio class. 

Th# research on this subject by UB t o  date has demonstrated the e h o s t  UniVerBal 

ocaurrenae of  molecules &f t h i s  Sf 10 t o  20 class i n  the serum of individuals with 

proven atherosclerosis. 

number of  prenumablp norm1 individuals my Mer t ha t  these are  preaiaely the i n d i v i d w t  

in t h m  population a t  large who are developing atherosclerosis. This can be proven 

The existenoe of the same molecules in  the 8era o f  a large 

beyond doubt posit ively OT negatively by studying the blood of a brge number of persons 

i n  the euuecrptible age categorier with respect t o  the 3reeence of these molecules, then 

observing the incidence of atherosolerotic manifestations i n  these persons. The first 

2000 of  the 30,030-peraon ecreenlng nroceduro is now conpleted. It rill be only a f t e r  

comnletol atudy of these people has been done t h a t  the possible value of t h i s  t e s t  for  

the presence of such IDDl~CUleS In the blood 8s disgnostla mocedure aan be dstcrdned. 

Pending t h i s  study end for  fundamantal rhysiologlcel infornetion, as w e l l  as for aossible 

thoughts along the l ine€ 6f mevention and therapeusis of atherosclerosis, it was OP 

great interest to  UI t o  determine whether the l eve l  of such aolecules i n  t h e  blood COUH 

be al tered by dietszy or other mnipulation. 

dietary faotma might be lnvolved rests on smerrl obasrvations. FFrat, rabbits develop 

these molecules in the blood end develop atharosclerosie only if they are fed d i e t s  r i c h  

i n  cholesterol; 

Secondly, in other areas of tho world mhhere d i e t s  a r e  low i n  choleatcrol and fate ,  a 

low incidence of etherosolerosis has been reported. 

t o  d e t e d e  whether dietary r e s t r i c t ion  of cholesterol (and nece6aari& certain fats )  

would result in 8 lowering in concentration of  molecules of the Sf 10 t o  20 clas8 in 

those persons whose serum shored them i n i t i a l ly .  This experiment is now h pmgreG6 h 

a long-term raf. It is &ady evident t ha t  if persons showing such wleculae in their 

aerlnn are placed on d ie t8  restricted i n  cholesterol and f a t s  the concentration Of 

Ths ra t ionale  for the poFaibility t h a t  
I 

the  Barn is true i n  dogs, provided t h e i r  t b r o i d  function is depressed.- 
< 

P- 
It mas en obvious rtep, therefore, 

mleculna in the S1 10 t o  20 CLBS can be reduced or brought down belor r e d u t i o n  

limits w i t h i n  6 oerlod of one t o  e ight  weeks in over - B of - oases studied. 

This 18 true for young end old individusls e l ik .  - for n o m l e ,  diabetics,  and coronarg 

 at iont I. I I 7 2 b 4 5  
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Vegetable f a t s  contain no c h o l e s t e r o ~  but in our prellrninar~ rtudior vegetable 

f a t 8  as well 8s a d d  f a k  hare been nodrra teu  rertrlctad, r r p e d a 4  io dew of tho  

i r c t  that expr rhen ta l  work ruggrrts t h a t  regstable fats may facilitate rbrorption of 

cho&ataol. The extent of r e s t r i c t ion  of oholesterol and fats of either voptable or 

a n i I n l 0 r ~ i n  which my be necesrary t o  keep the blood 8har.d of ruch mo1oculrr over 

long periods o r  tino aan be determinod only b long-term studiej, and rill undoubtedly 

bo varlabls from indiriaul t o  individual. An interer t ing queation which then ar iser  l e r  

rill the olrulng of each molecule8 f r o m  the blood be of any propbyhatic or therapeutic 

value with reqmct  t o  atherosclarosisl  M o u a ~ ,  this oannot be answered a t  the present 

time. 

rant 

a therore lamsi r ,  clearing the blood aay ~ 4 0  of ao raluo. 

p a t h o y n ~ r i s  of the disraee F t n o l n r  actual  deposition of such mo1ecul.r in the arterial 

intima to foro athrr-, it aay c o n c a l t a b ~  be of great importan- f k o m  tbs prophYlactiC 

and therapeutic point of view to char the blood of much mlecules bJ diet.- or  other 

~ 

sf the molecules be- pretsont tbo blood of a the ro rc l e ro t~c  i n d i v ~ U d 8  rrpre- 

ref lect ion i n  the blood of the disordered metabo~rm which & I n 8  ri60 t o  

On the other h a d ,  if the 

nan6 whfch my prwo offeatire.  Parallel with basic studies of the pathogenesis of the 

disease by labell ing techniqur ,  a rerieo of perrons with o r  without proven atheroaclerosir 

in being followed olosely, these iadiridml being on ruch r e g h n s  t ha t  do reduce tho  

blood lotel of these aoloculor. 

atherosclerosis in theso individuals rill gin, ua  the mewar a6 t o  the valur of such blood 

alteration. 

t o  follow in evaluating the effect  of d i e t  in this dieearre, no Patter what the f i n a l  

- /  
Tho inoidonce of prilarry or ro-currrnt OOmpllcrtlOna of 

In any event, we have ava i l ebb  ior the f i r s t  ti* an objective miterion 

r e s u l t  m y  bo. 

O b p i o u ~ b  the  r e r e a c h  t o  date l e  pmll.inary, the an8r-r alrrady aveileble 

having r e m d  t o  raim an - t i re  new host of qwrtionr. 

be t h a t  the real  r i g n i f i c ~ c e  of these molecules i n  atheroscltroeia 

one approsoh to the  Weretarding of a verg ao.mom, impf iant  racl beff- disease+ 

I n  the next few yoare it may 

be eva1uat.d as 

1 1 1 2 b 4 b  


