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For many years it has been suspected that the blood lipids might in sowe
way be related to the pathogenesis of humen atherosolerosis. All the major blood lipid
oconatituents, inoluding cholesterol erd its ssters, phospholipids, and neutrel fats,
huve been investigated without leading to definitive csonclusions. Cholesteremis {tself
has reoeived wmuch ntt,ontich‘, especially in view of the well-known cliniesl faot that
oertain disesses and syndiromes oftsn assccisated with rrthk hypercholesteremis {inoluding

disbetes mellitus, the nephrotio symirome, myxedems, ard familial hypercholesteremis
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predispose to premature and sarked atherosslerosis. However, in spite of evidence
that cholestercl levels are often sbove 260 mgi in perscns manifesting atherosclerocsis,
espeoislly in the younger age groups (1), there is alsc good evidence that a high
proportion of individuals develop atherosslerosis with blood sholesterols in the
presently seoepted normel range (125-260 mg by Schoenheimer Sperry methad)(2). Further,
even with cholesterols above 200 mg%, Ungerleider et sl (3) reported that the extent
of atherosslerosis in humans was not well carrslated with the setual eholestersl levels.
Thus the development of sthercselercsis in s large number of esses of normo~cholestereamic
individuals and the low reletionship manifested between the extent of atherosolercsis
and gerum sholestercl level has east some doubdt in the minds of many iavestigators wpen
the significance of the serum cholesterol lewvel per se in the pathogenesis of this
disease. Several years ago Hirsoh and Weinhouse \4), Hueper (6), and ethers have
speculated that possibly the physico-chemioal nature of the blood lipids might be of
more signifissnoe than the analytioal lipid levels themselves., The majority of
elinieal approaches to the study of eholesteremia have involved the ohemioal destruetion
of some or all of oative lipid-bearing giant molecules of serum and the subsequent
lumping of the fragments into two sategories, "free" and "esterified” sholesterol.
Rsaentially none of the cholestercol in serum sirculates as individual molecules of
either free or esterified aholestercl, but instead 1s present in the form of very large
molecules oontaining oholesterol and otisr lipide in assooistion with variable smounts
of protein, Several workers (6),(7) have pointed cut the existence of lipoprotein
molecules beering cholesterol in humen serum, Hewever, until recently teohnisal diffioculties
have precluded charscterization of the individual somponent fractions of the lipid and
lipoprotein groups in c;rum. S8ines it appeared entirely possible that there might exist
in serum certain giant lipid-bearing moleoules related to the development of ethero-
salercsis, it was evident that & method wis reguired which would allow the ideatification
snd quantitative oharasterisation of the individual molecular species present in the

blood of an individual patient. It has been found by sertain of the present suthors (8)

-
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that the ultracentrifuge, under speoial sonditions, provides a suitsable tool for this
purpose. ¥ith this teohnique, we have found and reported (9) the presence of seversl
. 14pid end lipoprotein constituents in the serum of humans and rabbits and that eertain
types of these molecules are present when there is athsrosslercsis in the human and
the cholesterol-fed rabbit.

The olinical studies of atherosclercsis are necessarily desoribed in terss of
observations made with the snslytical ultracentrifuge. Therefore the essential nature
of the ultracentrifugsl technique is given below preliminery to a desoription of the

elinioal findings themselves.

Basis Featurss of ths Ultrasentrifuge and Ultrasentrifugal Analysis

An ultragentrifuge is a device which was designed (10) for the purpose of
produaing foroes of weny thousands to many millions of times the foree of gravity.
Under the influence of sush intense gravitational flelds of foree individual molecules
of the sise of proteins ean be made to undergo sedimsntation (if they are more dense
than the solution in whigh they are present) or to undergo flotation (if they are less
dense than the solution in which they are present). In either event, if the sentrifugsl
fores is sufficiently great to impart an appreciable migration rate to ths molecules, &
boundary becomes egtablished between the selution sontaining the large molecules and the
region of solution ocut of whish these molecules have migrated. A varisty of optiecal
techniques known ss refractive«index gradient methods have de:n devised for rendering

this boundary observable ard for msssuring the rate of moversnt of the boundary reglon

fitself as the centrifuge rotor splua. This technigqus allows eslgulation of & sedimentation

_r‘u or flotation rate of the molecules in & manner analogous to the familiar e¢liniesal
obaervation of red oell sedimentation rats under the influense of gravity. Without
going into the detailed thoory of such opticel systems, which is fully desoribed in the
litersture (10), the diagrams obtained are readily sxplainable and understandeable. In
@11 the atudies pertinent to the athercselercsis problem conditions are ad Justed so
that the molecules involved undergo flotation against the dirsction of the centrifugal

foree. Thus the optieal patterns for this situstion alone need be desoribed. If there
hQOE ARCHIVES
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is s single species of largs moleculss present (of dens ity lower than the solution in
whioh it is present), a single boundery between solution containing the molecular speciss
and solution free of it beoomes estadlished while the ssntrifuge operates. The optiosl
system in our ultragentrifuge (Spinco Kodel E) uses the so~oalled Thovert-Philpot-Svensson
technique which gives directly & pleture of the refraative index yﬁlonu in the neighbor-
heod of the protein boundary. Pigure 1 shows s disgram of the ultracentrifuge oell

with « molesular speoles undergoing flotation, a sohematic disgram of the pattern ob~
tained, and sotual photographs taken of such flotation of e single spesies with the aid

of this optieal system. It fellows that {f two different moleocular species, migrating

at different rates, are prenent the diasgram will reveal two separete peaks as shown in
Pigure 2. By taking photographs at suscessive intervals of time after the roter has
reached full spsed one osn determine the rate of movement of essh "pesk” sorresponding

to & moleguler speoaies and from the ares over each peak one ean determine the oon-
oentration of that particular species in the solution. This eres is shaded in ﬂguru

1 snd 2, The rate of migration ef s melscule under & given set of conditions (temperature,
solution eo-poiiiion, and centrifugal foree) is a physioal constant that hhnrieéoriscn

this particular molecule in many respsots better then sny uswe we might asaribe to it.

In the work with atherosslerosis our concern is primartly with lipid and lipo-
protein molecules of dsnsities olose to 1,00 gram/eo. By adjusting the density of the
solution being studised with sodium chlorids to &« value of 1.063, the solution is theredby
made more donse than the molegules themselves, with the result that all the molecules
of interest undergo flotation. In faet in this work we preliminarily float all the
lipids and lipoproteins of & cluas iess dense than 1,083 to the surface in a preparctive
ultracentrifuge, pipet off the top frsation oonteining them, and then study the group
for its individual ecnstituents by the anelytical ultracentrifugsl method whigh gives
rise to the diagrams desoribed above. The customsury unit of migration rate is the

Svedbergh, named in honor of The Svedberg who fnvented the ultrasentrifuge ami developed

# One Svedberg unit equals 1 x lo'xaoq/nc/dym/grn. In using this unit one should
spsoify the exeot ecomditions undsr whigh the run was mmde, sinoe the 8 rate will vary if
the eonditions are vaeried.
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the theory of its use, 4 moleouls whioch undergoes sedimsntation st a rate of
5 x 10733 om per seo per unit field of foroe is seid to have an § wvalue of &, or to
be & moleculs of the 6 8 oclags. We have adapted this term for flotation runs such
that a moleouls which nndeﬂ;ou flotation st & rete of 6 x 10.13 oR psr seso per unit
fleld of foroe hss an 8, value of 6 or is & molsoule of the 5, 5 alass.

The Ultraeentrifugsl Composition of Humen Serum Lipids and Lipoproteins

The group of lipoproteins and lipida in hmmen serum of densities less than
1.083 gns/oc way oonsist of as many as ten spesies of molecules, the rnumber being
variable from individual ve individusl, Several of these molecules are cholesterol-
bearing molecules, and in faot generally esrry s large frastion of the total serum
oholesterol, These components are readily sharasteriszed by their flotation retes under

speoified oconditiomeét or by their hydrated densities. For present purposes the

# The runs repertsd hers were made at a temperature of 274-2"0 in a sodium chioride
solution of density 1,065 (the density being ealeulated independent of any centridution
from proteins or lipeproteins to demsity), using low-density substances previcusly
{solated by differential preperative ultrsgentrifugetion. In the differentisl ultra-
centrifugation, 1l the lipid ami lipoprotein constituents of density less then 1,063
undergo flotation to the top of the preparative gell and sre pipetted ocut inte a volume
such that these substances are conosntrated by a faotor of five over their initisl con-
centration in serum, The 5, values are those obtained direotly in the anslytioal runs
without back calaulation to any other set of conditions than thoss used fn the run.

flotation rates are most useful,

The warious oclesses of molesules found in serum by these studies are the

following:

(s) S8pecies which migrate with §_ values grester than 76 8, units. These

4 o
inslude ths well-known cohylomiorons snd agzregates of much amsller dimensions then the
ehylomiorons. The eoneentrstion of species im this entire class is ineresased following
fat-oontaining meals and hence remresents part of the slimentary lipemia. %e have found
no correlations between components of S, grester than 75 units and the pron#oc of

atherosclerosis in humans.

(b) B8peeies which migrate with 5p values hetween 50-70 sr

species constitute the mwajor fraotion of alimentary lipemis and are greatly modified

units. These

1156930 DYOE ARCHIVES



B
in songentrution with relstionship to meals. Certain of .thosa conpeonents are cholestercl-
bearing moleculss and their roletionship to atherosclerosis i{s under investigation.

(e) Species of discrete clusszes whioh migrats with rates betwsen 10 snd 20
8 ¢ units. These ocomponsnts, whose moleculer weights are in the neighbdorhood of
1,000,000, appsar definitely related to the pressnce of atherosolsrosis in humens,

There are cacasicnelly present in additien meleoules of the §Sp 20-30 olase, soms of
whieh appear to have étgnitloanoo like thet whieh charaoterizes the moleoules of the
Sp 10-20 elass, but the reole of the §p 20-30 ocmponents requires further clarifieatioen.
The 5p 10-20 class contains at least threc separate spssies of moleoules, eash
approximtely S0% cholesterol by weight, which at pressnt appsar to be of equivalent
signifiosnoe with respeet to athercsclercsis.

(d) Species which migrats with S, rates betwsen 3-8 5 units. These molecules
are {mportant sholestercl, phospholipid, and protein-containing substances, locssly
referred to in the generazl literature es the Bl-lipoyrotoin. Actually this oomponent
may exist as & single somponvnt or oz & multiple group of components in ean individual
okse. This oompensnt or set of components, oarrying s ma jor frection of the serum
cholesterol, is present 4in every one of oém four thousand samples studied, at oon-
centrations varying from i{ndividuei to individuel, but at &n sssentially constant level
for a given individual from time to time. This set of components does not of itself

appear to be related to stherosolerosis.

Relationship of the 5, 3-8 and 8¢ 10-20 Classes of Lipids end Lipoprotains to Athercsclerosis

In the serum of rebbits a set of molecules of the S5p 5-8 end Sr 10=30 class
have been discovered and deseribed (¥}, whioh appsar to be snelegous to the 8p 3-8 and
Gp 10+20 elsases in the human. The 8y 5~8 olsss o molecules in the rabbit is & iipo~
protein (30% ocholesterol by weight) and is present in varisble esoneentration in the
ssrum of 21l normal rabbits. During oholesterol feeding of the rebbits these molecules
ingresse in concentretion first, snd then level off at approximstely the highest con-
eentrution achieved. Following the rise in conecentration of the ¢ 5-3 oless of moleoules

most rabbits begin to develop inoressing concentrations of molecules of the Sp 10«30 olass
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ag the serum cholestercl rises as s result of further cholesterol fesding. Some radbits,
however, nover go beyond tiw stage of development of imaressed Sp 5-8 consentrations,
in epite of further gholesterol feeding. Autopsy of the rabbits at the end of the
fifteon-woek feeding period hess shown that the degres of atherosclerceis was greater the
higher the final consentration of wolesules of the 5, 10-30 class, while animals with
minimal concentrations of such moleoules had little or no grose atherosclercsis.
Resently Simonten in this lsberatory (urpublished) has studied rabbits receiving
potassiux {odide and cholestercl agedrding to the prooedure of Turner (11). Three out
of five of those rabbits were protected against the development of atherosolerosis and
they developed at most only & very low congentraticn of mclecules of the S, 10-30 olmss,
whereas the two rabbits whish 414 develep atheroscoleroais also developed appreciadble
concentrations of these wmolseules (Pigure 3). By whatever meohsnisn icdide protsstion
in the rabdbit operates, it certainly sesmed to prevent the appeersanse of thﬁo molscules
in the gsruz. In contrast with the wmoleculea of the & . 10-30 aluxss, ths ponocentration
of lipoproteine in the Sf 8-8 elnss 414 not ehow any eorrelation with the extent of
athercsolerosis developing oither im eholesterol fed animels or sholestercl plus XI
feod animmls. It was of tmmedfate interest to determine whether the group of molssules
in the human (f.e., the Sp 10-20 olasz) smalogous o the Sp 10-30 class in the
chelesterol-fed rabbit might besr any relationship to humen sthercsslercsis. Ihe
preliminary etudy of 280 humsns, inelud ng various disease groups snd many presumabdly
normel individusls revealed that sueh a relation doee exlet. The present ocommunicetion
based upon » much widur experiense has added confirmetion to thess findings end has
provided geveral new reletionships of the S¢ 10-2 molecules with atherosclercsis in
humans, |

1853 humans of a variety of eliniesl groups insluding petients manifesting
elinloal evidence of atharosolercsis, disbetes, nephrosis, hypothyroidism, hypertension,
hypsreholesteremia, and normals have besn gtudied with respeot to their blood content

of molegules of the st 10~20 olase, and in many cases the relationship of this to their
blood chelesterol lavels.
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The resulta of all thege studies sre presented in the set of Figures 4-9,
and & summery tabulation given in Figures 10, 11, 12 for esase of comparison of the
various groups. The detsiled discussion of the individual groups and of the signifiosnce
of the findings is given below, Before commenting on the findings it is to de noted
that the blood samples represent single samples from each individual, The validity of
this method of sampling was cheoked at the cutset by drawing samples of dlood from
68 individuals at intervaels of a few dsys toc & few months, while they were on a
steady diet and net under speoifie therspy and slso by drawing samples in the festing
state and again follewing a fat-containing mesl, The results of such sampling are
given in Figure 13, They indioate that alimentary lipemia does not signifiocantly
affeoct the oonoentratien of the molecules of ths 8p 1020 olass. Further the data
indicate that on s eonstant diet ¢ single individusl shows a ressonably stable level
of acongentration of suech molecules, whether the consentration is low or highs As &
result of these studies, it sppears Justifiable to use blood drawn at any time of day
sand to use ¢ single sample per 4ndividual,
Living Individuals with Atherosclercsis: The deat group timt one oan ohoose among
living individuals who are almost certain to have stherosclercsis is s group of patisnts
who have survived a myoeardial infarotion, sinoe it is generally sgreed that more than
95% of myooardiel infarctions ocour superimposed upon soromary artery athercsclerosis.
Purther the disgnoetie oriteria for myocardial infarotion are more olear-cut than fer
atherosclerctic complioations in vaseular beds other than that of the heart. The
requisite oriteria for inolus! on in this group were (1) A typlesl elinlesl history of
s myocardisl {nferction, (2) Supportive laboratory evidenos such as sedimentation rate
elevation, leukooytosis, or fever, anl (B) eleotrooardiographis chenges sharsoteristie
of myocoardial infaretion. All oases were required to met all thres oriteria. Purther
a1l oases were at lsast six wesks beyond the acute elinisal episcde, sinse it was
desired to exclude poesidble metabolio disturbances of the aguts phase as well as any
disturbanges due to dietary restriotions and drug therspy. All the mtients were
either on sd libitum diets or were moderately restristed relative to their dlets before
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thelr infarotion. For reasons explained later in this paper & small group of patients
who had been on severe cholestsrol and fat restrioction for psriods of three ronths
to three yenrs before their blood was studied are trested separstely (indepsndent of
the messured concentrations of Sp 10-20 molecules i{n their bleal), since they were on
a regimen thut we have shown (see section "Pactors Affecting the Concentration of
5, 10-20 Molsgules™) is capuble of lowering the concentration of molecules of the
8¢ 10-20 elass in the blood. Figure & presents the data on £30 male myooardisl
infarctions and the data on 32 femals myooardial infarotions. It is noted that of all
the 230 males with myoosrdisl inferction, 91X of them show the presense of 5, 10-20
moleoules at levels abowve the borderline resolution veilue, with en average level many
times the level of limit of resclution. In the females with myoocardial infarction
97% of all ocuses show the presence of these moleculss at apprecisble levels. These
date indioete a very high frequency of ocourrence of 8, 10-20 molecules in the serum
of individusls with myooardiel infarotion. In faot it is known that most of these
patients who Isd bean on dletéry restriotion of some dagree were in the negative or low
positive distribution of this group. Lowsver, to treat the data as hersily as possible
they were included in the sorles. ‘e may infer, but cannot prove, that the incidence
of oecourrenge of apprecisble levels of § ¢ 10~20 molecules might have been even higher,
es might the averuge concentration of such molecules if this element of dietary re-
striotion had not been present. The cacurrense of the high proportion of 7 negative '
onses smong 32 individuels over 70 years of age is inter<sting. liere again no proof
osn be given for the result obtained, although in general these people were eating
considerably less than they hud in earlisr yesrs. For any of the negutives there
is also the poseidility tiat some of these may £it into the smell group of myceardial
infarotions resulting from eauses other than atherosolerosis of the coronary srteries.
In any event, tsking the negative results st their worst, xith no effort to expl;ln
the small number of negatives in any feshion, the data of Figure 11 demonstrate olesrly
the sharp differense with respeot to insidence of appreciable concentrutions of 5o 10~

molacules in the serum of myoccurdial infarciion putients as compared to normals of the

115093
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oorrespond ing age and sex oategories. This difference is unequivoeal evidense that
the presence of these molecules in the serum is in some wsy assooliated with the presence
of atherosclerosis. Further evidemse of this asscolation is obtained by a ecomparison

of the average gonoentration of such molecules in serum of myooardial infarction

patients with the average concentration in normals of corresponding age groups. Fven
if the negatives among the normals are excluded in taking the averages, the myocardial
infaroticn groups still heve & eignifieantly higher eoneentration of the Sf 10-20
molegules in their serum than do the nermals. That as high a percentage of presumed
normals show such moleocules in their blood is fully to de expected sinse s large
proportion of such normals are ocertainly develeping atheroceclercsis although it has

not yet become slinieally mnifest, It remains of gourss to dbe proven, however, whether
or not those normals showing appreoiable concentrations of these molecules in their
blood represent the ones develeping atierosclerosis, and whether the degree of athero-
sclerosis parallels the eoncentration of these molecules in the blood as it sppears

to in the osse of the anslogous molecules in the radbit. In Pigures 14-17 is given

the relationship batween the analytioal serum sholesterel levels aml the concentration
of 5p 10-20 molecules. It is readily sesn that in the myocardial infaretion group
these levels do not correlnte well, For example at 200 mg® total sholestsrcl a patient
may have & many feld greater consentrstion of § P 10-20 moleoulss than will another
patient at 300 mgh. If our hypothesis of the relationship of these mcleculss to
athoroselorol‘il is correct, this finding might explain the low relationship indicated
in previcus studies betwaen degree of atherosclerosis and the serum cholestercl levels.

Presumably Normal Individusls: 4 large series of peracns without known disgesse in ell

adult age ostegories and of both sexes have been studied far the cocurrence of and

oconcentration of molescules of the 84 10~20 class in the blood.

Individuals Showing no Demonstrable Vaseular Disease: A large series of men and women

without known disease in representative sdult age categories have been studied for the
eoncentration of molegules of the 5, 10-20 cless in the bload. Over 90% of this group
had had & recent physieal exeminetion, the record of which was available to us. Thus
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it wes peosaible to exelude frem this "normal” oategory any patients with sustained
hypertension or dlsbetes (at least diedetes resulting in glysosurie). Individuals
with rheumatio fover histories, nephritis historiles, rheummtoid arthritis, or any known
mlignanoies were also exoluded, It must be emphasised that many of theas individuals
are undoubtedly developing stlerosclerosis even though there is ne clinleal manifestation.
There is no known method for the objeotive selection of living inmdividusls with respect
to presencs or absence of sthercsclerosis unless thare has been a olinleal mnifestation
of wascular disesss. Sinoe among this group there will still be a large preportioan
of persons free of atksrosolerosis or with mininmal athercselerosis, it would be ex-
posted that this group should show a relatively lower average rating than groups with
known atherocsclerctie disense on any seale indicative of this disesse. In all age
categories nnd in both sexes, patients with proven mycosrdisl infaretion show a
sonaistently greateor inoidence and aversge conocentration of molesules of the Sf 10-20
class than dp the above-desaribed normml controlas. 7This supports our hypothesis of the
association of the moleoules of the 3!. 10«20 class with atherosclercsis. Purther
the inoidenge and ocongentration of susch molecules in tiw blood of our presumbdly
normal individuals are in agresment with the dste reported in the literature (12)
on the incidencs and degree of athercselerosis found in autopsy materisl as a funotion
of age. Of partieular interest is the increase in ineidence and consentration (see
Figure ) in males with aging at least up to the 50~80 yeer age oategoriss. Yhether
the apparcnt desresse after 80 years is significant must await more extensive date
on the older age groupp The very low incidenoce and sverage congentration of 8, 10-20
moleoules in the serum of young women is in good secord with the relative rarity of
atherosclerosis and its o«nplhntlomﬂ in young women. The marked change 4in the
women especislly abeve 40 years of sge coinoldes with the faot that wowsn lose their
apparent relative proteotion ageinst the compliocations of atheroselerosis with imeressing

sge {13). An endoorine factor suggests itself but will require study for identifiestion

and evaluation.

P15093b ~~r ARCHIVES



-l2=
Individusle with Disbetes lMellitus: The lusreased ogourrence of athercselerotio acw-
llostions in disbetios eas compared with the gensral population of the same age group
is #pll known., It was therefore of interest to determine the blood ploture in sush
sub jests with respeet to the presznoe of moleoules of the Sf 10-20 oluss. For this
78 patients with disbetes mellitus of tgﬂ‘ 20-80 have been studied. These represent
disbstios varying widely in the quality of oontrol and insulin requirements. JNeo
effort is made here to correlate thess factors with the blood findings sinoe a mmeb
lsrger group in eech age and sex oategory will bs required for this purpose. Lowever,
considering the group ss a whole certain definite eenclusicns can be drawn from the
data, whioh are presented in Figures 8 and 1ll. The female dismbetics demonstrate s
distinotly higher incidenon of appresiable consentration of moleocules of the 8, 10-20
olass than do normal females in all age categories. The effeot is relatively great
in the disbetic femanles between 20-40 years of age. The same general effect is ob~
gerved in dlabetic males a3 compered with nermal males, but is not as large as for
the femnles. The study of & larger nusber and & olsssification with respect to severity
of the diabetio stats ic necessary.
Individusls with Coromery Insuffioienoy: A group of 30 mmles who presented the oliniesl
pleture of sngine pectoris and coronsry insuffieiensy, but who lmd never hed & proven
myocardisl infarotion, have been studied. These patients had either normal electro~
cardiogrens or minor 57-7 wave ohanges. It weuld be antioipated thut, sinos none
of these psatients were anemic, that the most likely ocauss of their ooronsry insuffiocienay
would be stherosclerotie involvement of the coronary arteries, with a high likelihood .‘
from the work of Blumgsrt snd Sohlesinger (14) that coronary ooslusions were present.
The dats are presented in Figure 7. It is seen that every one of the 30 csses showed
the presense of sppreciable levels of molecules of the 8y 10-20 elsss. This result
is in sooord with the dats on putients with proven myocosrdial infarction, as might
be expeoted since the besls puthology is similar for the two groups. The result is

slso further evidenos comsistent with the lypothesis that the moleculos of the S, 10-20
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class are assoeiated with athercselerosis. An insuffiocient number of femsles in this

oategory have been studied to dete to warrent reporting.

The lNephrotie Synirome: To date only four patients with the nephrotis synirome have

been studied with reapest to the blood level of moleoulse of the st 10«20 class.

Although the group is emsll, ths results are sufficiently striking to deserve somsent.

In sll four cases exosedingly high concentrations of wolecules of the 8, 10-20 olass

are pregent in the gerum. These levels are in fact among the highest we have yet
ocbserved, being 105, 149, 175, and 420 mgi. The last value, 420 mgi 5, 10-20 molecules,
was from & € year old ghlld who has since ocoms to sutopsy after twe years of the nephrotie

stage of her disesse., The ebdominal aorte showed extensive atharcecleresis.

Bypothyroidism: Patients with marked hypothyroidism are kmown to be sudbjest to excessive
atherosolsrosis as oompared with euthyreild individusxls. A group of 18 patients whe
presented clinionl features of hypothyroidiss, low basal metabolle rates, and in most
osges serum gholesterdls over 300 mg% have been studied. fTwc of these oeses were
frank myxedemss who were slresdy reeeiving thyroid replscement therapy. iost of the
others were reoeiving thyroid extract, although in some of these it wag not feit that
they were yet receiving the optinmsl dose. The dats, presented in Pigure 8 and Figure 10
show that £11 of these ceses hed apprecisble gonoentrétions of meolecules of the f-: 10-20
class in the serum. Had tiwse ptients not slreudy been on thyrofd therapy it is
likely that they might have shown an even highser uverage oonoentration of 8¢ 10-20
molecules. In cur eurrent studies we are endeavoring to study the blood of hypo-
thyroid putients before and during thyroid therapy. f{he date pron;nmd on hypothyroid
petients are ocnsistent with the genmeral ccourrence of the Ep 10-20 moleoules in dis-
esges predisposing to atherosclerosis.
Hypertension: Although it s never been shown that athercsolerosis is eticlogleally
releted to hyportension, the very ocmmon cocurrenss of atherosclerosis «nd its
complications in sustained hypsrtensive disesse is well known. A group of 39 men and
18 women with sustained hypertension (diastolis pressures repeatedly observed sbove

300 wm Eg) bave been studied. BEo hypertensives who Imd elready demonstrated olinioal
- _— sy "-i‘%‘\»‘rr—s
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evidenos of coronary artery dissase are inoluded in this group. #any of the osses
studied were on weight reduction and selt~restricted dicts at the tire of the blood
study, 7Tne effect of dletery restriction, from studies reported in s later seotion of
this cemrunicution would in general be to reduos the concentration of Se 10=-20
molecules in the serum. In spite of this it is seen (Figures §, 10) that 82 to w4%
of the hypertensivea show thd pressnce of appreocisble levels of & Py 10-20 molegules in
the serum, a value significantly higher than that for corresponding normsls. These
studies are being econtinued with untreated hypertensives to provide & group whieh cun
be meore properly oompared with the corresponding normals. The ingressed frequenoy of
occurrence of apprecisble lsvels of molecules of the Sp 10-20 olsss suggestis the
poasibility thet etherosclerotiec ocompliosntions in hypertems ive patients may be in
part, at least, on thils basis., Any relstionship of the presenoe of the Se 1C-20

woleoules to the hypertersion i{tself must awnlt further evaluation.

Kelstionship of the 8; 10-20 Koleoules tc the inalytiesl Serum Cheolestercl Levels:

In Figures 14, 15, 16, and 17 are given the levels of 8, 10-20 molecules

4
plotted apgainst the anslytieal serum choisstercl levels for some of the normal meles,

diabetiss, the group of patients hsving had & mycoardial inferction, endi various
hyperoholesteremic patisnts. (All enalyticul eholeaterol values were determined by

& modificaticn of the Schoenheimer-Sperry :nthod). It is seon from the data for

normals that the serum level of S Py 10«20 moleoculea may be very low or very high at a

partieular serum sholesterol leveil,

isbulated below from Figures 14 and 16 are the summarized date for normal
miles and males with myocosrdial infarction with respect to the relationship of
sf 10-20 component levels ss sompared with snalytioeal oe;'un eholesterocls. “ithin
the snalytical cholesterol renge below 300 ngi and below 5, 10-20 levels of 4¢ mgh
is an srea which ocomprises more than $6% of the tested normal male population end

76% of the studied mycoardinl infarotions. It is thie group which is tabuleted.
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TABLE I
Fumbsr of Ceses Kange of 8¢ 10-20 Range of Analytioal Average Berum
Conoentration Cholesterol levels Cholesterol
ug’ gk
Myoosrdisl
infarctions
41 2444 154-298 231
a7 B~24 184205 : 238
liormal Males
30 24-44 136-294 284
18 8-24 185-282 198
4] iess then 6 M40=-292 198

As oan be seen from Table I and from Pigures 14-17, there is & gensral

trend towsrd higher 8_ 10-20 ecomsentrations with higher serum eholesterol levels,

4
but for any }nrtioulur p tlent the analytinal serum choleaterol level s of no velue
in predioting the concentration of 8 10-20 moleoules. PFrom Pigures 15, 16 and 17

1t ia seen for patientsin wmany uhg:rie- with hypersholesterenis (dver 300 mgf) that
the chanee of 8!. 10=20 molsoules beling wa-ent at appreoisble ooneentration ie mush
greater, but even here the satusl level of 8¢ 10-20 melecules is poorly related to
the analytical serum chelestarol levels.

Assuming our hypothesis of the relstionship of moleoules of the 8o 10-20
class to atherosclercsis to be eorrect, all these observations taken together may
reves] the diffieulty in trying te establish any correlation of the analytiosl serum
sholesterol levels with the presence or severity of athercscleresis. Sinos there
is 8 trend towsrd higher 8, 10-20 molecule levels with higher shelestercls, the ob~
served genersl shift of the myveardial infarction patients towerd higher amalytieoal
cholesterol lsvels would be anticipated on the basis of our hypothesis.

Factors Affecting the Ucnosntration of 8¢ 10-20 Molecules:

Rarly in our studies & large group of individuals were studied doth before

PS040
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and after & single meal containing fut and sholestercle. In no csse was 1t possible
to demonstrate any acute effedt on the blood concentration of & ¢ 10=20 moleoules from
s single meals, Alimentary lipemis affects the components of the 40 Sg and greater
group but not thoss of the 5, 10=20 groupy Testing numerous individuals on two or
more occsslions revesled that the level of § " 1020 molecules was sssentially stsble
provided that the subjects did not ebange their dietery habits (S5ee Figure 13).

In the rabbit the atypioal molecules of the S‘. 10-30 elass appear in the
sorum after & period of cholesterol feeding. Sugh wolecules iave never been gbserved
in sny of more than fifty normal rabbits of the same stoock. In the ocholesterol-fed
rebbit it was inveriebly found that the estyplosl moleoules of the Sr 10-30 olass
appeared only after e prelimimry rise in the concentration of the normslly-ocoourring
lipoprotein of the 5p 6-8 clsas. It thus mppesred that the atypioal molecules of the
Sp 10~30 clsas might represent the results of sen overflow ebove the capacity of the
rabbit to handle the exoesa cholesterol vis the normally-ococcurring lipoprotein of
the 54 5-8 olass,

It was of interest to know whether sny simller type of change in cholesterocl
metabolism operetsd in the humtn. Therefere, & group of men s«nd women bave besn
placed on & lcw fet, low cholesterol diet end their serum levels of 8  1=-20 molecules
followed ror,u long 28 13 we~ks of dieting. negardless of the initial congsentration
of the §¢ 10-20 moleoules most of tiw individuals showed consistent trends to lower
conosentrutions of the molecuiles. fThere is murked ipdividuel variution in the rate
of its reduction; some of the subjeots exhibited rapid reiuction reaching aoncentrations
below thc limit of resolution in 2 to & wecks. Others during the first few weaks showad
ne ohlange or even rarely sn inerease, ﬁmior 2 tne greut mejority of sudbjects who
have remeined on the diet for longer than 4 weeis have sioxn considerable rsdustion
in the 8¢ 10~-20 compormnt. Thoss studies are individusliy grephed in Figures 18, 19,
20, end 21. Ome of these groups (Figure 21) 1s & study of s selected group of Sp 10-20
positive individuals who ate all food (exeept & breakfust which wes eomposed of fruit,

oeresl, skim milk and coffes) at the diet kitchen tuble of Cowell Hospital (University

115091 | v
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of Californis)}. These mosls were prepered using messured smcunis of oholesterol-
containing foods (1%), Detween 100 and 200 grems ci lean weats, which average abeut
100 milligrams of sholestercl and 15 grame of fet per 100 gruwms (12); nere used,
The total intake of cholestercl per day ﬁa kept sbout or below 200 milligrams per
person. Intake of snimal feot was evoided except for thut contained in the laan meats;
the totel of animal and vegetable fats were kept at abaut 5O grama per day. Approximately
half of the subjecta in every category liated in Figures 18, 18, 20 andZl restrioted
their solorie intske during & pericd of ad justment to the diet. These imdividunls
demonstrated no diffsrences in their response to the low cholesterol, low fat diet
from those who hed not sppresisbly diminished their ocemloric inteke. The uniform amd
rapid reduotion whiah gensrelly oecurred in the hospite l-controlled distery group as
sontrasted with ths less uniform and slower respense of those who were on the diet et
home suggests that the latter group may not have followed the restristions ss olosely as
the former groupy Geveral individuals were returned to their normal dicts after
showing & marke:d drop in 8, 10-20 oompenent eongentration during e peried of dietary
restriotion. kost of theese heve shown p rise in concentration of these molesules in
&« period of four weeks., From Flgure 20 1t fe seen that the effest of dletary restriction
in prtients having had s mycosrdisl infar~tien in the pesgt doss not differ from thet in
normal males. Analytioal serum cholesterols determined on many of the subjects on
the diet revealed thet in some ouses a fzll in concentration of ﬂf 10-20 moleoules
was asoompanisd by en apprecisble fall in totsl eholsstercl «heress in many other asses
it was not,

Detefled dietary histories were snslyzed for 43 persons demonstrating a wide
range of 5, 10-20 ecmponent aonoentration. There wus no oonsistent relationship between
the dietury cholesterocl or £at intske and the blcod level of & 10-20 meleeules in the

b 4
group 4s & whole. This would suggest that thers is s wide range of individual tolersnee

to the usual lavels of these substances in tha dist,

it has been possidbls to study sn additional small group (19 pstients) who hnd

had s wyoosurdial infarotion and who Imd been, at the advice of physiclens, on s striet
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low fat and low cholestercl diet for periods of three months to three years before we
had the opportunity to exemine thair bloods for the level of 8p 10-20 molecules. The
dats presented in Figure 2, shows thet this group has a lower ooncentration of moleoules
of the 5 ¢ 10«20 olass than eithsr normals or our other myosardisl infarction patients
of corresponding ege and sex oategories. Thie representa indireot supportive evidence
of the efficaay of dietery reatriction to reduoce the concentrution of the Sp 10-20
molecules in the serum,
Summary

The pressnce of & olass of lipid and lipoprotein molecules in the serum
of the human and the cholesterol-fed rabbit assocofsted with atherosalercsis in both
species has been daemonstrated.

These molecuies do not represent any part of the acute sliwentary lipemia,
The prezense of these cholesterol-bearing lipid end lipoprotein molesules cannot
be predieted from the snalytiosnl toilsl serum cholesterol level. Partisl distary
restriotion of fet and cholesterol in the human results in e gradual deerease in ths
seTan level of such moleoculss over & period of wecks tc months.

Thwae molecules sre present with & mugh hipgher frequeney and at higher
oonoentrations in puticnts who leve survived a myoomrdial infarction than in corresponding
individuals without knoan vasoular disease, The presence of these molecules with
inereased frequensy in other disenses usgsooleted with excessive stherosolerosis
{diabetes mellitus, the nephrotie syndrome, hypothyroidism, hypertension, amd

coronary insuffieieney) supports the hypotnesis of their essocistion with atherosclerosis.
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Figure 1. Schematic diagram of ultracentrifuge cell showing migration
of molecules less dense than the solution against the centrifugal force,
The schematic optical diagram demonstrates the type of optical pattern
obtained. Below the schematic optical diagrams are successive pictures
teken from two ultracentrifiuge runs, the first showing migration of
isolated molecular species Sy 5.7 (rotor spped 44,770 rpm) and the
second showing migration of isolated molecuiar species Sp 12.4 (rotor '

speed 52,640 rpm).
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