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LIPOPROTRINS AND ATHWROSCL®ROSIS
John W, Gofman, Frank T. Lindgren, Hardin B. Jones,
Thomes P. Lyen, and Beverly Strisower

from the _

Division of Medical Physics
University of California
Berkeley, California

Whether or not the pathogenesis of atherosclerosis involves lipids

as & primary etiologic agent, a subject of considerable controversy, there e¢an

be no question that scmewhere in the pathogenesis lipids become involved as

 prominent components of the actual lesions. Certainly no one would contest

that this process is, at least when minimel; & focal proasess; influenced by
local factors in the arterial wall. Nonetheless such considerations may all

be valid without in any way being exclusive of the possibility that blood

" 1ipids in transport may represent the scurce of the lipids seen in atheromata.

The authors {1, 2, 3) have presented evidence demonstrating that cerfain blood
lipoproteins are intimately associated with etherosclerosis both in the human

end in the cholesterol-fod rabbit.‘ These studies, based upon the ultracentrifugal
analysis of serum for its lipid=bearing constituents, have beéﬁ carried further.
Itris the purpose éf this discussion to repdrt certain aspeots of the progress

of thié particular research. The basig theory of use of the ultracentrifuge

in studies of this sort is described in previous publiscations (1;‘2,v3,,4).

BLOOD LIPID TRANSPORT

The true nature and signifisance of fhe state of blood lipids, suech

as neutral fat, fatty'aoids; phospholipids, cholesterol, and cholesterol esters

# This work was supported in part by the U. S. Publie Health Servise and the
Atomie Energy Commission. . ‘
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had, in‘the past, been conrsiderabhly chusured by the fast that most studies
centered around the total analySicaily determinable iipid sonstituent, e.g.,
cholesterol or chelést ral esher. Acwuially e coustitusns such as cholesterol,
a cholesterol ester, phospholipid, or neuwnrsi fat is present as a building
block in a variety of rery lorgs moiecules [up %o wmililons of molecalar weight
units): The pérticular sign’ficance of this fact %3 that from & chemioal

determination of a substance such as eholesters] in the tincd, asne is not able

e

to predict; in aoy vart

suiar efase. now the cholesieri e dlztriisted awmong

w

12

the numerous macromislieciles “hat asy exist in seruns Thls reise
possibility of overlocking signiricant molesules, vwith respost to dizease patho-
I

genesis, unless one is abie to characterize and quantitate the various individual

molecules present, no matter what the total serum isvel of a particular con=

stituent building block may be, e.g., cholesterol or cholesterol ester. It
/

is for the detection, on a quantitative bagis, of these individual macro-

molecules bearing verious lipids that the ultracentrifuge is especially useful.

ULTRACHNTRIFUGAL CHARACTRRIZATION OF HUMAN SERUM LIPIDS

The rate of movement {sedimentation or flotaetion) of-dissolved
moleeules in an ultracentrifugal field*dépends primarily upon size, shape, and
density of the molecule and the density and wviscosity of the medium in whigh
it is present. A minimum of ten distinct species of lipoproteins that may
be found in human serum, differing from one another physically in density of
the'molecule and in ultracentrifugal flotation rates have been described (3).
Broadly the lipcproteins may be segregated into two ma jor groups, the so-called
"low density lipoproteins” {density less than 1,063) and the "high density
lipoproteins” (denéity greater than 1.,063). In this study of atherosclerosis

attention will be confined to flotation of the low-density group of molecules.
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As o preliminary operation in the study of sera for these molecules a
separation is made in the preperative ultracsntrifuge. In this process‘a
density increment is given the sevum sampie by dilﬁtion with a concentrated
sodium:ch}orido solution. Ultragentrifugation of' this serum solution for
13 hoﬁrs results in the flotation to the top of the preparative tube of all
lipoprotein molecules less dense than the solution.- Alsaxduring the ultra=
centrifugation all large molecules of density gieater than the solution under=
go~sediméntationa Thus after a criticql time of ultracentrifugation the low
density group of lipcprofeins will have coliccted as a layer at the top of .
the preparative tube and all the proteins end dense lipoprotains will have
sedimented out of the top portion of the preparative tube. Aftor fhe centrifuge
stbps; removal of the top fraction conteining the layered low-density lipo-
proteins can be effected using a capliliary pipette. Noxt tho isoliated low=
density 1ip§proteins (the top fraction) are studied in the analytical ultree
centrifuge. Here the lipsprotein molecules are characterized and identified
by their }lotation rates. Flotation rates are given in Sy units (Svedbergs
of flotation) under the specified corditions.¥ Usually the sahples are
contrifuged at 52,640 RPM (forces approximately 200,000 to 250,000 x gravity)
for less than one hour, with a series of photographs being taken at various
étages of the flctation. .

4 special optical system allows the moviﬁg bounderies of macro-
molecules tu be observed and recorded while thé centrifuge is in operation.

The baris fcr detection of these boundaries is the abrupt change in refractive

»

* 1 Sf anit © flotation rate of 1 x 10"13 cm/éec/ﬁyne/gm@ The specified
condlitions Lor these swdies refer to use. of a sodiun chloride solution

of demeity 1.08% pgme/ec at 28%C. IP rune are perforined under any other
conditions, appropriate sorresilens must be made. Spinco Model L and Model B
ultracenirifuges were used throughout.
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index from the reglon of solution éontaining the particuler slass of large
molecules to ﬁhe region out of which these molecules heve migrated:. The
optical system records such & refractive index chanée és an inverted peak
for floating boundaries, tho area over the pesk providing e measure of the
congentration of these molecules. Thus the ooncentration and flotation rates
of the large molecules present im a solution caen be determined.

Figure le sho&s tﬁe tyée of ultracentrifugel pattern obtained for
a single molecular species of flotation rate 6 8g units, 1b shows & single
molecular species of rate 13 Se uni£s, end le shows a mixture of these two
species. In practice the 10w~denaity=gr§np of lipoproteins found in human
serum may oomﬁrise from one to more then one species of components, differing
oﬁe from another in size, density, end chemical .composition. Thus, the
diograms obtained may be considarably more complicated than the illustration

of two-oomponents shown in Pigure lo. Ih fact, the individual components

may have flotation rates so close together as to be resolvable with

- diffioulty. A typioal flotation pattern illustrates the nature of the

problom (see Pigure 2a). Knowing the type of components (3) whiech exist,
it is possible to rosolve such a pattern into its individual constituents.

§See-Figure Zb). Figuro 3 shows six illustrative ultracentrifugal patterns

Lrom humans in vericus elinical ontegories, In human sorum the following

olasses of lipoprotein moleoules have been identified:

Flototion Rate Density gms/co.
Sf 2 ' o 1.050
Sp 4 ©1.040
Sp 8 1,029
8p 10 1.023
Sp 13 . 1.015

Sp 17 - S, 40,000 (8p 40,000 represents chylomiorons) -- This
ropresents & geries of ecomponents with
successively higher flotation rates, but so

sclosely spaced as to be difficult of resolution
as disorote components. There may be 10's or
100's of such components.
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By differential preparative ultreaoentrifugation, individual components

have been {solated (5), quite free of neighboring components, sufficient such

that the individual species can be analyzed for chemical composition. Some

protein is present in all the:components (from Sp 2 up to &nd including the

chylomicrons). There is approximately 25% piotein in the 8p 4 species,

ranging down to approximately 7% protein in the Sf 40,000 (chylomicrons);

Cholesterol and its esters are also present in every one of these species,

from approximately 30% in the Sp 4 to approximately 5% in the S, 40,000.

" There is a progressive shift to a higher proportion of non-esterified

cholesterol in the molecules of the higher Sp clasees. Phospholipid content
also decreases with increasing Sy rate. Neutral fat (glyceryl esters) are
prominent constituents of molecules above S, 17, whereas they are virtually

absent in those of S, 13 and less.

SEBUMWLIPOPROTEINS.AND ATHFROSCLERQS IS

Hoving & picture of the lipopfoéein"épeotrum present in uman serum,
cne may inquire as to the relation of any or all of the components to the
development of atherosclerosis and related disease states. If we are to
consider gholesterol in relation tp such disease, it is‘obvious that it may
be peftinenf to know whether certain slasses of cholesterol~bearing lipoproteins
are of more importance than others may bes The first clues that there may be
differential significance to the various cholesterol-bearing lipoproteins
came from a study of rebbits developing atherosclerosis as é result of
cholesterol feeding (1, 2). The normﬁl rabbit posSesseé oﬁly e single lipo-
protein in this class‘at'apprecia£1e consentration of Sy value below 10 units.

Cholesterol {or cholesterol plus. oil) feeding first produces a rigse in the

' already presenf Sp 10 (or less) lipoprotein. However, those rabbits developing
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nothing further were shown provieusly fiot to develop aehérosolerosis. The
ma jority of rabbits go beyond this during oholestetol‘feeding and develop
components of S, value greater than 10 units,lup to several hundred Sf units.
It was also shown that one composite class, the By 10-30 class, shows &
definite relationship to atherosclerosis in that higher concentrations of
such molecules developing were eccompanied by progréssively more severe athero
:sclerosia, independent of the level of the Se 10 (or less) voncentration which
had developed. Observations made on the dog developing atherosclerosis by the
Kendall-Steiner procedure of feeding thiouracil and cholesterol (6) and
in the stilbesterol implantation procedure in the chicken (7) reveal similar
sories of components developiﬁg in these species,

In the human direct oorrelationsvof blood lipoproteins with extent
of atherosslerotic activity are not so readily made for obvious reasons.
Howover, & study of ostensibly normal individuals and those with atherosclerosis
or discase states accentuating etherosclerosis do provide information linking
-cerfain of the lipoprotein molecules to development of atherosclerosis in the
human. |

In considering the lipoprotein pattern in cvaluation of relationship
to ageing and disease, one is facod with the necessity of knowing something
of the relative stability in level of a particular ¢leass of molecules in a
single individual from day to day or with relationship to meals. Previous
studies by the authors héye indicated that the levels of molcoules below 20 Sf
units are adequately free from fluotuation to serve as a measure of metabolie
steady state, whereas for molecules of progressively higher flotation rates
(greater than 20 Sp units), the blood level is infliuenced in relation to meals
variably from individual to individual meny~fold. Thus whether or not the high

Sp group of molecules is related to disease, they represent & poor indicator of
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steady state metabol%sm>unless some type of tolerance etﬁd& is done. However,
the stable character of the blood level of molecules of flotation'rates below
20 Sp units renders it possible to characterize an individual in terms of
his blood level of such molecules, independent of post-prandial lipemia effects.
From considerations of the daeta obtained in rabblts and in humans, it appears
that the molecules of Sg 6 and less in the humen are unlikely to be directly
involved in discase prcduotion. chevér, the data presented previously and
here indicate that the molesules betwsen 8 Sf and 20.Sf units are of:
significance with rospect to atherosclerosis. Ideally within this group one
would like to know the reletive importance of cuch individual species in
development of atheroseclerosis, wﬁich information is not yet at hand, it
does appear, hcwever,'that in the renge 8 S% units to 20 Sf ﬁnits, the minor
&efeot {if we may refer to it in this-manner) is the appearance of 8 Sf
moleoules., Then with apprecxable levels of Sf 8, the 5, 10 class may appear
in appreclable concantration, when Sp 10 lovels are appreciable 5S¢ 13 molecules
may be present; after Sf 13 levels beoome appreglable, molecules of Sp 13-20
may eppear in quantity. We have never seen high levels of S8y 13-20 without
appreciable Sp 13, nor high 8p 13 levels without appreciuble Sp 10 levels;

&

nor S, 10 without S 8. Howcver, all these molecules may be high independent
of whether Sp 6 is high or 10W. Similarly in the rabbit developing athero=~"
sclerosis the molecules of sucoessively higher Sp classes appear only after’
_appreciable levels of the lower c¢lasses have developed."In this discussion
we are reporting all data in terms of the combined blood level of lipoproteins
of the.Sf 10-20 class,'the Sp 10 itself being exciuded. A test of the data

with respect to the Sp 8-14 class reveals that similar conclusions can be

drawn from this bracketing.
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The obvious implication of the association of the Sp 10-30 class
of molecules with rabbit atherosclerosis is that possibly these molecules
themselves are those in blood trensport which ultimately provide the lipids
for atheroma formation, and that the higher the blood level of such molecules
the more extensive is atherosclerotic activity, given similar local factors
in the arterial wall.-:Similarlyvthe hypofhesié is that in.humans the blood
level of a similar class of lipoproteins (the Sp 10-20 class) would be =
reflection of the preseént activity of atheroma formation. Then if this

hypothesis be corréoct, the blood levels of such molecules in various coliniecal

' gategories should parallel the clinical data on atheroselorosis developmont

in such sategorics. The pertinent date arc presented graphically.in

Figures 4 through 10.

(a) "Normal" humans: Clinically there aro several outstaending

features about atherosclerosis in' the presumably normel populetion. "Presumebly®

is used with intent, since even with the abseﬁoé of olinically menifest

discage and with hopative findings in e painstsking physical c¥emination and

history, extensive atherosclerosis is often prosent: Tho features of interest
are: : c .

(l) 'The rarity of appreeiable atherosclerosis in pre-puberal
chil&reh.

(2) The markedly groater incidence and soverity of athero-

solerosis and its serious seqﬁelae in young adult males than in young adult

females.

(3) Tho inorcase in athérosclerotic involvement in both male
an& female adulés'with ageing, and the progressi&e obliteration of sex differcnce
aone the ago of 40.

() The observation that autopsy of individuals dying of causes
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other than atherosclerotic complications reveals a high proportion of such

individuals to show appreciable atherosclerosis that was not detected in the
living.

Paralleling these four basic obsorvations our measurements of
Sf 10-20 lipoprotein levels in a large series of such humans reveal results
completely consistent-with the hypothesis that such molecules provide a measure
of atherosclerogenesis.

(1) Measurements on over 50 "normal" pre-puberal children

end infants (8) reveal this group to have the lowest levels of S, 10-20

molecules of any of the normal categories. Atherosclerosis is rare in c¢hildren
of this agee

(2) The data in Figures 4 and 5 show that females in the 26-30
age group show consistently lower levels than males in this age group,
paralleling well their lower rate of atherosclerogenesis.

(3) The data reveal a progressive rise in Sf 10-20 levols
in "normals" of both sexes (at lecast to &ge 60) and a progressive dimimution
6f the difference in levels botween males and females, both observations being
in harmony with the above-described known observations on atherosclérosis in
such groups. |

(v) Livinguindividuals'with atherosclerosis: In the absence of a

clinical sequel of atherosclerosis, e.g. a myocardiel infarction, we have no
way of assessing clinically either the quantity of atherosclerosis preseht

or the rate of ite development. As the ¢loscst approximation to this assessment
we ﬁave chosen two groﬁps, (a) survivals of & myocardial infarction and (b)
patients with angina peotoris who have not had an evident infaret. The basiec
pethology underlying both these oliniocal entities in the vast majority of these

oases is atherosclerosis of the coronary arteries, It is true, of coursc, that
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atherosclerosis of the coronary arteries does not ﬁeceasarily measure
quantitatively atherosclerosis.of other vasocular beds, and further that the
ooccurrence of olinieal angine pectoris or myocardiel infarction does not
quantitate the degree of coronary atherosclerotis involvement. Nevertheless,
in the absence of a better quantitative approach, it cennot be gaingaid that
e group of patients menifesting angina péctoris‘br a myocardial infarction
will on the average be expected to have more coronary artery atherosclerosis

than will & group of presumably normal individuals of similar age and sex

‘distribution. Figures 6, 7 and 8 show the comparison between "normals" of

both sexes and patients either with myocardial infarction or angina pectoris.
The higher levels of §p 10-20 molscules in these disease categories (being

primerily on an atherosclerotic basis) then in-correéponding normals, for all

ages and both soxes, provide a strong link in the chain of evidence implicating

this class of molecules in the development of atherosclerosis in humans. The
data as presented in Figures 6, 7 and 8 allow one to compare "normals" with

the coronary disease ptients et any level of Sp 10-20 moleculos, e.g. at a

‘lovel of 25 mg#, 26% of normal males are below this level whereas 9% of infarcts

are. Or, at the higher levels, one sees that at a high level of 80 mgh, 22%
of meles with myocardial infarction are above this level, but only 7% of
normals are. Thus three times as many infarct patients have.such high levels
es do normals.

That some "normals" have lsvels higher than many patients with

clinically evident coronary artery disease is not surprising or unexpected.

Indeed it would be inconsistent that they should not, since it is highly

reasonable to assume that such "normals" are developing atherosclerosis,
provided local fastors are appropriate, but have simply not yet hed a

clinical soquel. After all, the occurrence of a myocardial infarction is.
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simply a mechanical ﬁazard along the courss of evolution of atherosclerotic:
disease,: and athorosclerosis oan be full-blewn without suéh_a manifestation.,.
That a small proportion of patients with angina or myooardial infarotion show
low Sp 10-20 levels is not unoxpected.- A few of such patients may have a
non-atherosclefptic basis for their diseasc.- Others may well have had
high levels of such molecules before the infarction with a subsequent drop
due to dietary and drug ﬁanipulation subsequent to the clinical episode.:
Such a case in point is- that of a 38 year old mgle we studied first as a
"normel." At that time his Sp 10-20 level was 134 mgh (see Figure 3e).
Several months iater he experienced = myocgrdial»infarction and was treated
with usual messures plus dictary restriction;‘ Hig blcod level at the sixth
woek after the episode was down to 29 mgf. However, had we not known from
several pre~-myocardial infarction studies that he had carried an
exceadingly high level of such molecules, ho might erronecusly have
appeared to be an exception to the rule of elevated S¢ 10-20 lipoprotein

levels accompanying atherosclerosis.

HYPERTENSION,. Sp 10~20 LIPOPROTRINS, AND ATHEROSCLERQSIS

The frequeney with which hypertensive patients suffor coronary artery
occlusions and the generally acoepted clinicnl evidence of exoessive athero~
sclerosis in many hypertensive patients both suggest thet hypertenéion may
predispose to atherosclerosis. ifany have suspooted that the elevated pressure
per se is the responsible factor in accentuating atheroseclerosis.. Yet it is
well known that some severc hypertensives (in terms of actual pressure ievels)
coms to eutopsy with minimal atherosclorosis. In an effort to ovaluate the
factors in hypertensive subjects responsible for excessive atherosclerosis we
have made a comparison of 139 ossential hypertenéiVes without knawn-ccmplications,'

studied because of their hypertension itsolf, with 95 cases of myocardial in-



“ia

- 12
farction and/or coronary insufficioney who happened also to have elevated
diastolic pressures (100 mm diastolis minimum used for these purposes). The
data, presented in Figure 9, show that hypertensivesAWho have such a demonstrable
manifestation of atherosclerotic disease have & much higher froquency of high
Sp 10-20 lipoprotein levels (and higher average levels) than do the unéomplioated
hypertensives. Since blood pressures were not apprecisbly different in the two
groups, it would appear that a primary factor which resulted in atherosclerotio
manifestations in the hypertensives who also have demonstrablelcoronary artery
disecase may be their 9levated S¢ 10-20 lipoprotein levels as compared with the
unoomplicated hypertensives. Further, the existence qf appreciable numbers of
hypertensives without evident athorosclerotic compl icotions who have relatively
low 8¢ 10-20 levels in spito of long duration of severe blood pressure elevations
may explain the olinical observation that an apprgoigble segment of the hyper-
tensive population survives & long periocd without doveloping elinical sequelae

of atherosclerosis.

DIABEIMS MALLITUS, Sp 10-20 LIPOPROTEIN LEVELS, AND ATHEROSCLEROSIS

The known frequency of severe atherosclerotic complications in diabetes
mellitus provides probably the most serious problem existing in thc management
of the diebetic patient. In the effort to evaluate the factor responsible for
exccssive hypertensive or atherosclerotic vascular disease in diabetes mollitus,
we have compared a scries of diabetics betwecn 40 and 70 years of age, as yet
uncomplicated by clinically evident vascular discase, with another series of
diabetics aiready demonstrating hypertension and/or coronary artery diseasc. The
data presented in Figure 10 show that the diabetics already manifesting such
vasoular disease show stfikingly'higher 8p 10-20 lipoprotein levels than do
disbetics without such complications. This wauld implicate tho level of such
moleccules as o major fector, at 1éast, in the development of vascular complications

in diobotes mellitus, and further may shed somo light on the ability of & certain
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proportion of middlec aged didbetios to live with their disease many years with-

out encountering serious complications of atherosclerosis.

Sp_10-20 LIPOPROTEIN LEVELS IN OTHER DISEASES ASSOCIATED WITH EXCESSIVE
ATHRROSCLWROS 18

Several clinical entities, including myxedema, xanthoma tuberosum and
‘nephrosis, are known to predispose to promature and excossive atherosclerosis.
(a) _Myxedgm&: Twelve pationts with hypothyro1dism or frank myxedema
have boen gtudied with respeot to Sp 10-20 lipoprotein levels (Figure Ze). In
all ocases vefyiﬁfghesf 10~20_Iip0proté{n»levels-were obsorved (average level
132 mg%). Some of these ptients showed levels in the 200 mgh range which are
far higher even than thO'majorify.of‘patien;s with vascular disease. A fow
- treated myxedemds stuidicd initially after therapy with thyroid extract showed
mich lower levels, suggesting that the thyroid therapy may have reduced their
levels. ‘This possibility is strengthened by our own'obseryations in 8 small
series of hypothyroid patients being followbd‘Whoiare demonstrating drops in
54 10<20 levels on thyroid extr;ot. An évaluétion of thyroid extract in
apparently suthyroid individuals is in progréés} In two children with thyroid
carcinoma in whom hypothyroidism was ieing artificiaily induced by Doctors Lee
Farr ond James Robertson, oldssical lipoprotein patterns of the hypothyroid state
wore observed with éhe S8e 10-20 level-béing greatly clevated.

(b) ZXanthoma tuberosum: Four patients with clessical xanthoma tuber=

osum have been studied (9). The greatly inoreased atherosclerosis in such patients
is well known. All 4 patients in this ostegory showed fantastio Sg 10-20 lipo-
protein levels in their sera, without sériking elevations in tho level of the

S¢ 67and lower moleéulesf indicating>th§é their abﬁormality is not simply in-
creascd levels of all dholesterol;bearing molecules, but rather only of those in

¥

speoial slasses,
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(o) Nephrosis: Ten pationts manifesting the nephrotic syndrome showed
uniformly high Sp 10-20 lévels, some with and some without appreciable slovations
of the S, 6 and lower olasses of lipoprotoins (see Figurc 3d).
The exccedingly high‘sf’lo-zo lipoprotein levels in these throe disease.
satego;§es, myxedema, Xanthoma tuberosum and nephrosis, gencrally with Sf 6
choie§£erol-bearing lipopr;teiﬁs in the normal range, suggests strongly that the

8p 10-20 olass of lipoproteins is moro associated with the excessive atheroscleroe .

sis of thesc disecases thaén is the hypercholesterolemia often accompanying them.

N . '

THE RELATIONSHIP OF S 10-20 LIPOPROTEIN LEVELS TO TOTAL BLOOD CHOLESTEROL

Tho present suthors havo pointed out previously (1, 2) thet molecules
of the Sf 10-20 olass may be present.at high. levels in a particuler patient‘s
' blood no matter whether the blood cholestorol is-high, low or intermediate. More
: extenéivq studies have completely confirmed this observation.
' Since the blood cholesterol .(either free or esterified) exists in the
form of several d;fferent lipoproteins, it is apparent that a priori one ocannot
predict that the relative proportions of the several lipoproteins will remain
the same at various levels of total blood cholesterol. 1In fact, the opposite
is often trﬁe, s0 t@at in one serum the ratio of Sf 10-20 molecules to st
moleoules may be high, whereas in another serum with a much higher total choles=~
terol level the ratio of Se 10«20 moleounles to 8y 6 may be quite low. So groat
are these veriations thet the total blood cholesterol level is valueless in pre=
aicting‘thelsf 10-20 level in a particular m tient. While it is true that in
:geﬁeral the 8, 10-20 level rises with a rise in blood cholesterol, the deviations
from this rule are so frequent and severe that one would be grossly deceived b& the
‘use of the total blood cholesterol as an indicator for the presence of these par;
_éicular Se loazovmoléqules. Further, the frequent ocecurrence of high Sf 10-20

lipoprotein levels with low total blood oholesterol {even below 150 mg% total)
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would .indicate that in evaluation of atherosoierotic potentialities a low serum
cholesterol may be highly deceptive in predicting the absence of the possibly
noxious Sp 10-20 molecules.

An appreciable fraction of blood cholesterol is often in the Sf 8 lipo-

‘protein. Such sera may have exceedingly low levels of the 8, 10-20 class,
especially frequently'in the sera of children and young adult females. Since
these groups show very little atherosclerosis and since numerous patients with
manifest atherosclerosis show much lower Sp 6 levels but high Sp 10-20 levels,
we, tentatively at least, &are of the opinion that the Sf’s molecule per se is
not involved in atherosclerogenesis.

The common presence of Sgp 10-26 ﬁolecules in sera from patients with
manifest athercsclerosis, or with diseases predisposing‘thereto, independent of
the level of total serum cholesterél, may aid in expiaining the dissatisfaction
held by many clinicians over the apparent failure of blood cholesterol levels to
correlate well with atherosclerotic activipy. |

Recently much attention has bseen §aid to cholestercl~phospholipid
ratios as indices to atherosslerotic activity (105. Jdust as with serum choleéter-
61, the cholesterol-phospholipid ratios can only be satisfactorily interpreted in
the light of the knowledge of which of various cholesterpl- and ph;spholipid~
bearing lipoproteins are present in a particular serum. Since from studies (5)
on isolated lipoproteins ffom human serum it appears that the entire group of
low density lipoproteins (Sp 4 = Sp iOO) show weight ratios of cholesterol to
phosphoiipid of i.O to 1.4, whereas the high density lipoproteins (11) (a group
not treated in this peper) show ratios in the neighboyhood of 0.45, the aggregate
total cholesterol to phospholipid ratio will depend upon the relative abundance
of low and high“density lipoproteins mueh more than upon the distribution among
the low density lipoprcteins, e.g. between the S, 6 and Sp 10-20. Thus & person

might have a low phospholipid-cholesterol ratio due to & high Sp 6 level relative
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to the level of the high density lipoprotein group. From the low phospholipid-
cholesterol ratio, some workers might predict e likelihood of high aetherosclerotic
activity, whereas from the sbsence of sppreciable Sp 10-20 levelé we would be
led to Jjust the cprosite conclusion.

The evidence that suggests that low phospholipid~cholesterol ratios
are common in atherosclerotic patients probably results from the frequent occur-
‘rence of high levels of all the lipoproteins of the S, 3-100 class in such
ﬁatients. However, the phospholipid %o cholesterol ratio fails to distinguish
between the various components of the S, 3~100 class, since all these components
have approximately the same phospholipid—chplesterol ratios. Thus a patient with
a high total Sp 3 - Sp 100 class, but & low 10-20 level, would be considered as
high in atherosclerotic activity by some workers whereas we would consider such
an individual as low in this respect.

Again, a patient with a high Sp 10-20 level might have a low total
S¢ S—IOOvlevel but a high\level of the high density lipoproteins with its
concomitant high phosphélipid-choleste?ol ratio. Such a total serum might
have & high phospholipid-cholesterbl ratio, indiceting low atherosclerotic

activity. We would consider Jjust the opposite to be'true.
y J P

MODIFICATION OF TH® BLOOD LEVELS OF THE Sy 10-20 CLASS OF LIPOPROTEINS

The hypothesis that such molecules as the Sf 10~20 class of lipoproteins
may be the source of lipids in atheromata renders it of obvious potential
prophylactic and therapeutic interest to understand the factors which may modify
these levels. Changés due to thyroid extract in certain selected patients
and due to the combination of features stitendant upon a myocardial infarction
in the acute phase have already been mentioned abo;e.

As previously reported (l; 2) we have been investigating the effect of
a low fat, low cholésterol dietary regimén both in & controlled héspital dietary

group and in ambulatory patients at home. The cumulative evidence indicates
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that appreciable reductions in Sg 10-20 levels are obtainable by the use of a
diet containing 20 to 50 grams of total fat, restricted in cholesterol to approxi-
mately 200 mg per day, but adequate in protein. The allowance of vegeteble fats
to 100 grams in patients previously restricted in total fats to 20 .grams-results
in general in a rise of 8, 10-20 levels. Thus the restriction of both animal

and vegetable fats is reduired, independent of cholesterol intake. The results

‘ obtained in the hospital controlled series indicate that weight loss or weight
gain did not appsar to influcnce responses, since even with maintenance of weight.
to within 4 3 pounds changes in the lipoproteins occurred with changes in dietary
fats and cholesterol. )

The changes in levels of Sf 10-20 molecules {and in those of the Sf 8-10
class) observed in dietary restriction may or mey not be accompanied by appreciable
changes in total serum cholesterol. Thus a two-fold lowering of lipoprotein
levels may be Observedlwith a much lower percentage alteration in serum cholester-
ol level. This should be understandable in the light of the discussion above
concerning the NUMeT ou s types of cholesterol~bearing molecules present in serum.
The fact that serum cholesterol may not drop appreciably on diet has probably
been the saurce of discouragement in the clinical application and evaluation of
efficacy of such dietary restriction in atherosclerosis. However, two-~fold drops
in 84 10-20 lipoprotein levels ssen in dietary restriction even without large
oonoomitant serum cholesterol drops render such evaluation essential. Dietary
response is variable from individual to individual, some showing very little
response to 35 to 6& gram fat diets at home. It must, however, always be considered
thet until such apparently refracﬁory patients heve been tested under controlled
conditions onevcannot truly claim the'pati@nt to be refractory. The advertent
and inadvertent errors in dieting by the patient eating at home are discoufagingly
frequent. Further, the necessity for careful instruction concerning what a low

fat diet really means is froquently overlooked. It is more important that the



patient know what he can eat rather than mercly what he cannot eat. It is yet
too early to make any definite statement as to clinical efficacy of such dietary

restriction.

INTERRELATIONSHIPS AMONG THW VARIQUS LIPOPROTZINS

An ultimate underétanding of the-mechanism of maintenance of the blood
levels of the various lipoproteins is o"bviously the goal which is t6 be striven
éoward in the effort to gain an insight into the nature of the defect which results
invabnormél clevations of such molecules as the Sp 10-20 class in certain indi-
viduals., All the serum lipoproteins should be regarded as in transit, the steady
state blood levels of any particular moleculs being the result of balance between
rates of influx of that molecule into serum and its rate of disappearance from
serum to whatever sites of utiiization, storage or destruction. Hormonal in-
fluenceé obviously suggest themseives from such observations as the male-female
» 10-20 levels seen in

£

the pregnant female (12) as contrasted with the non-pregnant female of the same age

differencés in levels, from abnormel and often very high 8

whose levels are gensrally very low.

.Certain petterns are becoming clarified as to interrelationships of
the various molecular levels. Those individuals with low iévels of Sf 10-20
lipOproteins generally, although not always,.show very low levels of all the lipo-
proteins in the Sf 20-100 class as weil'(see Figure 3a). Individuals who show
high levels of Sf 10-20 molecules (and also Sp 8-10) quite often show in addition
appreciable levels of the lipoproteins of the Sy 20-100 clesss .On the other hand,
in some patients very high Sy 10-20 levels are observed without eccompanying high
lovels of molecules of S, 20-100. The Sy 50-100 class of moiécules is ac&%oly
influenced (in matters of hours) following high fat meals, buf to a veriable
degree in different individuals.

It would appear fhat the defect involvéd in the maintenance of high

levels of these Sp 10-20 molecules which are related to atherosclerosis, represent
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fcne facet of what may be a general.disturbance in the overall metabolic pattern
of hundling fats and cholesterol, at least insofar as the blood trensport
mechanism. A more penetrating understanding of this disturbance requires further

clarification of the interrelationships, source and site of removal of all the

various classes of lipoproteins involved.

\

SUMMARY

l. Serum lipid transport is describable in terms of a gfoup of lipo-
protein macromolecules of differing physical propertieé aﬁd chemical composition.
Certain of these lipoproteins (the Sp 10~20 class - and the Sf 8-10 class) are
associa ted with human atherosclerosis.

2. While total serum level of any one of the lipid constituents, e.g.
qholesterol or phospholipids, is détermined by the presence and amount of the
individual lipoprotein molecules, the converse is not true. Thus the serum
total cholesterol is of no value in predicting the level of the Sp 10-20 class
of lipoproteins for any particular individual.,

3. Patients with my§cardia1 infarcetion or angina pectoris show
consistently higher levels of such molecules than do "normals",

4. Hypertenéive patients who have coronary zrtery disease (presumably
atherosclerotic in origin) show higher Sf 10-20 levels than do uncomplicafed
hypertensives. |

5. Diabetic patients with vascular disease (hypertension and/or
eorcnary urtery diseasc) show higher levels thon do diabetics not so complicated.

6. Dietary restriction of total fats plus cholesterol slowly reduces
the level of Sp 10-20 molecules, the extent and rate of reduction being variable
from patient to patient. |

7. The presence of the Sp 10-20 class of molecules in high concentration
isvnoted in such diseasss as wyrecemx, nephresis and xanthoma tuberosum where

atherosclerosis is excessive.
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8. The factors influencing the level of S, 10-20 lipoproteins and

the observed relationships to other lipoproteins of serum suggest a general
metabolic'disorder.in fat and cholesterol tronsport associated with the presence

of this particular group of molecules that are involved in atherosclerosis.

LSty
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Figure 1.

(a) Upper pattern showing flotation of isolated S, 13
. molecules. o

(b) Middle pattern showing flotation of isolated S, 6
molecules. : : - ‘

(¢) Lower pattern showing flotation of mixture of these
two lipoproteins.
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(a) D’iégfa‘m i1lustrating a typical flotation pattern observed
in the ultracentrifugal analysis of the low density lipo~
proteins of human serum. -

(b) Resolution of 2(a) into the lipoprotein components known
© to exist in human serum. '
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Figure 3.
(a)

(v)

(e)

(a)

Flotation pattern of low density lipoproteins from a

normal 20 year old male showing execescdingly low level of

Sp 10-20 molecules. Wach frame is ruled for calculation

of the Sp rate of any peak appearing in that frome. In

this figure as well cs in those below, successive frames are
at 0, 6, 12, 22, 30 and 38 mimites after full rotor speed

of 52,640 RPM has becn reached. Hencs S, rate markings may
be used on corresponding fromes in all patterns below.

Flotation pattern of low density lipoproteins of a 66 year
old male patient following myocardial infarction (well
beyond acute phase).

Flotztion pattern of low density lipoproteins of a 36 year
old male w1th hypothyroxdism subsequent to surgiocal therapy
for Graves' diseasc.

Flotation pattern of low density lipoprotcins of a 48 year
old male with the nephrotic syndrome.

(e) and (f) Anclytical flotation pattern of two different

samples run simultancously.

Upper pattern is that o6f a 38 year old male studied three
months before ho cxpericnced a myocardial infaretion
(Noto: “Extremoly high Sp 10-20 level. 8ix weeks beyond
the acute infarection his level was found to be 29 me%).

Lower pattern is that of a 38 ycar old normal female ‘
demonstrating very low Sy 10~20 level.
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Figure 4. \

Disgram illustrating the trend with age of blood lovels of
S¢ 10=20 lipoproteins in normal males 20+70 years of age.

Notes: (1) The lipoprotein levols reported here have been
revised upward as a result of calibration
shanges as compared with provious data reported
in reference 2. Data in Figures 5 through 10
are similarly rovised. The revision in no way
alters the interpretations given in that reference.

{(2) Data based upon 291 cases.
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Figure 5.

Dicgram illustrating the trend with age of blood levels of
Sg 10-20 lipoproteins in normal females 20-70 years of age.

Note: Data based on 309 cases.
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Figure 6.

Diegram illustrating the higher lovels of $, 10-20 folécules
in males with myocardial infarction tham in normal fmalos of

(1) 211 patients with infarction

ocorrespond ing ages.

(NO'tbS

were at least 8 wooks beyond

infarction date.

Da'te based on 203 mydeardiel
inforéts and 241 nornmel males)

&)
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F'igura 7 .

Diegrem illustrating the higher Sg 10-20 levels in females
with myoecardial infarotion than in normal females of
corresponding ages.

Notes: (1) All patients with infarction werc at loast 6
: wecks beyond infarotion date.

(2) 'Data based on 27 female myoscardial infarcts
and 139 normal females.
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Figure 8.

Diagrem illustrating the higher Sp 10-20 levels in patients
with coronary insufficiency (as manifested by angina pectoris)
thoh in normals:.

Notes: (1) No significant differences were found between the
males and females in these groups, so the plots
are composite for both sexes.

(2) Data based on 63 patients with coronary in=
sufficiency and 380 normals.
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Figure 9.

Diagram illustroting the higher S, 10-20 lipoprotein levels
in hypertensives complicated by coronary artery disease
then in hypertensives without such known oomplications.

Note: Based on 95 hypertensives with known coroenary artery
disease and 139 hypertensives without known coronary
. disease.
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Figure 10.

Dingram illustrating the higher $p 10-20 lipoprotein levels
in disbetics complicated by hypertension and/or coronary
artery disease than in diabetics without such known complications.

Note: Data based on 15 diabetics with vascular complications
and 58 disbetics without such known complications.
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