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BIOPHYSICAL APPROACHES TQ ATHEROSCLEROSIS
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By >
Jobn W, Gofman, D%

‘theroaclorosil is the principal and really iaportsnt form of arteriosclerosis.
The consequences of this particular form of arteriosslerosis result in the serious
ciroulatory accidents in the coronary, cerebral and peripheral vessels which lead to
50 much death and disability in many areas of the world. There has been much debate
and confusion gbout the mature of this disease, the exact sequence of pathogenstic events,
and the role of certain dietary factors in its development and progress. Ever since
lesions in the vessels have been shown to contain cholesterol, phospholipide and fatty
acids there has besn considersble intereat in the problem of what might be the source
of these lipid materials in atherosclerotic plaques, 4 reasonsble suggestion made
early was that possibly these 1ipid materials found their wey into the blood vessel
wall from the blood itself, since it has been known for years that such substances as
cholesterol, phoepholipids and fatiy scids circulate in the blood stream. Whether
these materials get into the blood stream directly from solution or suspension in
blood, or whether they enter the blood vessel wall, as leary suggests, vis the mscro=
rhages which have migrated from the liver hes been a subject ofdebate in the literature,
with no definitive answers forthcoming. Two years ago our research group set out to
attempt to answer certsin questions concerning the pathogepesis of the stherosclerotic

process and specifically the role of blood lipids in its development, and the poasibil; )

® The resesrch upon which thie report is besed is the result of the efforts of a
tean of researchers at the Donner Laboratory of Medical Physics, The original team
included Frank I.indgreﬁ, Harold Elliott and John Gofman snd has been expanded with
the inclusion of Dectof Hardin Jones, Doetor Thomas P. Lyon, William Manﬁ, Beverly
Strisower, John newitt; Virgil Herring end Doetor John Simonton. Even though the
article 1is written by §ne of the group, the work involved represents the efforis

of the entire group at one phase or snother of the research.
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role of macrophege migration as suggested by Leary in the development of the pathological
lesion,

With respect to macrophage migration from the liver, recent work in this
laboratory by Rector John Simonton and Dectof John Gofman (as yet unpublished) has been
pointed toward a direct snawer to this question. The technigue has involved the labeling
of macrophages of the liver, the spleen and bons marrow of the rabbit at the omset of
the experimental period with fonium-containing colloids which localise in thess cells.
The rabbits whose mcr;phagu had besn lsbeled were then subjected to a long period of
cholesterol feeding, during which time they developed atherosclerosis, \If the macrophages
which had received a doss of ionium-labeled ocolloids were functioning during the
entire experiment, it was anticipated that one should expect s migration of the radio=
pnetive ionium colloid imto the sortio atherosclerotic plaques. Demonstration that
the ionium-labeled macrophages remained functionsl wee provided by giving indis ink
2t the last day of the feeding period, and by demonstrating that india ink was taken
up by macrophages which showed e considerable radicactivity due to the ionium colloid,
The results of these experiments, to be published in detail shortly, indicate that
macrophage migration does mot play a significant role in the devdlopment of athero-
sclerosis {n the rabbit st lesst.

‘ The role of blood lipide in the development of sthercsclerosis hae been in-
vegtigated by a wholly different approasch. A4s mentioned ebove, ii haa long been suspected
that blood lipids might have something to do with atherosclerosis, even to the extent
that the plaques 'night result from the infiltration of theze lipids into the veasel
wall, Anitachkow demomstrated many yesrs ago that feeding raebbits diets high in
cholesterol itself produced & hypercholesterolemia and stherosclerotic lesions in a
feeding period of approximstely 3 months, Thus, the concept that hypercholesterolemia
might go hand in hand ﬂth the production of stherosclerosis was proposed. From
this and other work there resulted a large volume of literature on ptudy of humen
blood cholesterols in gn effort to correlate dblood cholesterol lsvel with the presence
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or development of stherosclerosis. There is a relstively small group of pesople who
develop athsroscleroais =- that is, a small percentage of the total group -- who do show
definite and/or persistent hypercholesterolemis; this group includes patients with diabetes
- mellitus, nephrotic nephritis, myxedema snd essential familisl hypercholesterolenis,
However, the summary result of many years of atudy of cholesterol lsvels on many thousands
of people has been that the vast majority of individuals who suffer the consequences of
atherosclerosis in general do nmot show an elevated blood cholesterol. This fact has
led t0 much discrediting of the significance of cholesterol in the development of the
disease and has led to an impasse as to the exact role that blood lipids might have in
the development of the disease process,

In Donner laboratory we began the study of the problem of the blood lipide from
the point of view thet possibly the quantity of cholesterol or other lipide in the blood
as measured Ly the usual anslytie techniques might be of little importance in the patho-
genesis of the disesse when compared with the nature of the gisnt molecules in the
blood 4n which cholesterol and other lipids are carried. At the time our experiments
wers begun Pedersen had published some results concerning a so-called *X-protein" which
exists in humsn serum and on which he hed dome ultracentrifugsl studies. He reparted
that this mwolscule was apparently a labile lipoprotein which would dissociate into its
constituent parte by several veried msnipulations of serum, including s reduction of the
total protein concentration or certain changes in serum salt concentraticn. {pon
attempting to reproduce Pedersen's study with human serur we found similar varlability
in the apparent concentration of "x-grotei.n" and ease of losing this molecule during
our manipulations., There were certain festures of this ultrascentrifugal pattern, however,
that did not seem reasonable on the basis that the "X-protein" and albumin were two
separate sediment peaks in the ultracentrifugel diagram. (See figure 1). As a
result of severalffe %rinents in this direetion we proposed the theory that the cbserved
pesks whish gave the appesrsnce of two sedimenting components =~ the albumin and “X-
protein® < were really not such peake, but rather that the "I-protein", being a

lipoprotein of low density (that is, of a density close to that of the mediua in which

N
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" it was sedimenting) wap actually piling Rp in the region of the elbumin concentration

gradient which exists at the albumin boundary. This type of piling up of the lipoprotein ‘
at the albumin boundary gave rise, for the lipoprotein alone, to a biphasic ourve on

. the Schlieren diagrams obtained in anslytical ultracentrifugation, The pile-up superimposec

" upon a normal albumin pesak would give rise to a composite peek which could be mistaken

“ for two separate downward sedimenting pesks, when in reality it represented a pile-up

of one protein in the region of a boundary dus to snother, (Figure 2 demonstrates the

expected individual peaks for such a phenomencn end how the composite peaks might appear).
The reason for the pile-up phenomenon is that the lipoprotein shanges in its

_ rate of sedimentation and in some cases even its direction in the vicinity of the albumin

boundary, If the solution conteining albumin is more dense than the lipoprotein itself,
whereas the solution without glbumin is less dense, then all the lipoprotein in the
solution will pile up in the vicinity of the albumin-concentration gradient during the cour:
an ultracentrifugal run. Alss, 1f the lipoproteins migrate more repidly than does N
albumin in the supernstant solution, whereas they migrate more slowly than albumin, but
in the sare direction in al\mnin-coni:aining solution, the net result is a progressive
sweeping of the lipoprotein into a plle-up on the aldbumin boundary. Thus, the ultracentrift
diagrame that had been seen by workers previous to Gofman, lLindgren end Elliott were
those representing a plle-up of lipoprotein on the albumin-concentration gradient
rather then two sedimenting peaks -- the albumin boundary and the *X-protein". It
was then shown by Gofman, Lindgren and Elliott that the "X-protein®", or lipoprotein,
was not the unsteble molecule which Pedersen had thought it to be, but was quite stadble
to such maneuvers as dilution with salt solution or lowering of the protein content.
The reapson for the apparent disepvesrance of the "X-protein" in Pedersen's runs is that
he had inadvertently edjusted the experimental conditions such thet pile-up npp longer
occurred. Once these facts were clarified, it beceme possible to think in terms of &
suitable method for studying the lipoproteine in serum in order to determine something
>f their physical chemistry and diversity.

It was predicted and then observed by Gofman, Lindgren and Elliott that 1if

the density of the solution were raised to a point such that sll regions of the solution
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would have @ higher density than that of the lipoprotein {or lipoprroteins) one should
observe these molecules flosting against the centrifugal field as inverted pesks on
the Schlieren sedimentation diagram. Thip experiment hae been repeated thousends of
times and in the hands of the present workers hss becoms s standard technique for studying
the lipoproteins of serum directly or for studying isolated low density somvonents.
Numerous humen sere and the sers of snimals were investigated by this technique in an
sffort to charscterize the low-density molecules which had previously been lumped together
under the name of the Bml lipoprotein or the "X-protein®., It was soon found that a
rich diversity of components existed from serum to serum and, in fact, a single serun
might have from one to five separate components present. /

There is present in nearly all buman sera a lipid aggregate which in a solution
of deneity 1.0625 at 27° Centigrade (our standard conditions) migrstes with a rate of
between 35 and 70 Svedberg units, This component can readily be shown to be greatly
influenced by the relstionship betwsen the time snd character of the lest mesl and ﬂho
time of drawing the blood semple., In other words, it represents a part, at least, of
the alimentary lipemia. In sddition, components have been seen with migration rates of
the group from 20 t¢ 30 8vedbergs, 10 to 20 Svedbergs, and 3 to 10 Evedbergs. In every
one of some 2500 individual sers a;:aninod there was found at least one molecule of the
low-density class (density approximetely 1.03 to 1,04 grams per cc) which migrated with
a rate of between 3 and 8 Svedberg units, This component is a lipoprotein of approximately
25% protein snd 75% 1ipid by weight. It is approximstely 30% cholesterol -- free cholesterc
and cholesterol esters being lumped together in this estimate. In some individuals this
component of 3 to 8 Svedberg units exists as a doublet of components whereas in others
s pingls, snparently homogeneous,component is sesn. The significance of the singlet
or doublet of oonponontlv is now under study. FMurther, there are quite definite »
differences in this gronp of components from one individusl to another, For exsaple,
if one person pouessosﬁ; 4 S¢ component and snother a 7 5y component, the mixing of
these two pers shows the presencé of both components rather then either one or the
other, thus obviating the possibility that the difference in migration rates might bave
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been due to differences of conditions in preparing solutions or in making the ultra-
ceptrifugel runs, The group of low-density components of 10 to 30 84 units of flotation
ire contrasted with the major lipoprotein components by ‘virtue of their greater migratioﬁ
rates and also by virtue of the fact that they are of even lower density than are the
ma jor ocomponents of the 1,03 to 1,04 deneity class. There apresr to be several com=
ponents in the S, 10 to 30 category, at least one of which (whose flotation rate ie 10
to 15 8¢ unite) contains protein, but less than the 25% protein of the major asomponants;
others oontsin little or no protein and hence the term "free lipids® probebly should be
applied to these.

Investigating the sera of normal rabbits in parallel with the human sers, the
identical situation with respect to pile-up of low-density mclecules on the albumine
concentration gradient was observad. Utilising the techniques described above, it was
possible to adjust the conditions of flotation such that the low-density components
could be obesrved migrating inward towerd the axis of rotation in s solution of sdequately
high density. A low=density component which is & lipoprotein of deneity approxiuately
1,03 = cortaining approximately 30% cholesterol and 25% protein by weight - ia. found
in varying concentration in all rabbits,

Having thie bu.lic picture of the major cholesterol-besring somponente of hmman
snd rabbit serum, it was possible to go ahesd with studies of atherosclerosis and its
possible relationships to the blood 1lipids. Rabdbits developing athsrosclerosis ss a
result of cholesterol feeding were investigated, It was found and reported by us that
all rabbits receiving cholesterol {3 gms/week) developed in the course of this feeding
period an increase, first., of the low=density lipoprotein of denalty 1.03 up to &
certain point. Some of the rebbits never showed any further chsnges of serum beyond
this increase in the concentration of the normally existing lipoprotein. However, after
4 to 8 weeks the[msjority of rabbite developed new components in apprecisble congentration
these components being firet in the 10 to 208, class and subsequently aprreciable
songentrations even of some in the 20 to 30 sand higher flotation rate classes. Almost

all of the 4increment in serum cholesterol which occurs in f.he courss of cholssterol

LETZ2b46
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feeding goes into these new components after the buildeup of the lipoprotein of the 3 to
8 84 class., Autopsy of fifteen animale following s 15 week feeding period demonstrated ’
thnt stherosclerosis had developed paralleling roughly in severity the final concentration"
of molecules of the S¢ 10 and higher class; rabbits developing very low concentrations
of these molecules in the perum showed minimsl or no groas atherosclerosis. At present
there are 50 or more animals becoming hypercholssterolemic and from which further correla-
tions of the occurrence and severity of stherosclerosis with the presence of these caﬁ-
ponents will be available, At the present time sll that can be seid from the existence
of these components of the Sp 10 to 30 claes in the serun is that they are a reflaction
in the blood of the tendency to develop atherosclerosis. However, these facts do not
prove that these molecules themselves are actually the onee which deposit to form
stheromatous plaques, or, on the other hand, if all the low-density lipids end lipo-
proteins deposit, that those of the Sy 10 to 30 class are the molecules that remsin behind.
Direct evidence on this point is now being obtained by the labeling of the lipide and
lipo;;rot.oina of this class in donor rabbits whioh gre hypercholesterolemic bty uese of pi2.
labeling of phospholipid and tritium-labeling of echolesterol, The isolated components,
with the label inocorporated, sre re-injected into other rabbits developing atherosclerosis,
Froaz an oxahination of the raedlosctivity of the atheromatous plaques it should be possible
to determine whether these molecules which correlate with the pressnce of atberosclerosia.
are sctually the ones which depoait in plaques, At the same time these experiments are
giving us some ides of the rate of production and destruction of the various ultraceﬁtrifuguf
components of rabbit sermm.

The discovery tl}at cholesterolemia in the rabbit was by no means a siumple
inorease in one component but a very special type of incresse with distinct type of
molecules appearing suggestoed imuediately that e sesrch should be made in the human for
comwponents of similar tn;o and for relations between such components snd the development
of human ntheroaclorosia.}" In the human most studies of atherosclerosis for long time

1ave centered around an effort to show thet poseidly the total lewel of cholesterol in
the serum might bs increased in those people who suffered the consequences of atherc-
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sclerosis in one part of the vascular bed or another. Although there exists a group
of disease states cheracterised by hypercholesterolemis and premature atherosclerosis, .
thie is e very small fraction of the total group of humsns who show atherosclerosis. Tﬁo
vast majority of peraons developing atherosclerosis do so with a cholesterol level in
the blood within the presently accepted normal range (107 to 300 milligrams percent).
The use of the snalytical cholesterol vglus has been rpther fruitless in the effort to
demonstrate its relstionship to the developgent of atherosclerosis. With the vie.w that
poseibly the cholesterol level itself might not be importent but that the nature of the
molecules transporting cholssterol might be, we ae"b about to investigate the low-density
lipids and lipoproteine which ocarry cholesterol in human serunm,

As mentioned above, all humsne show at lesst one lipoprotein of the denmsity
olases LO3 to 1.04 which sontains cholesterol., However, early studies reveslsd that only
oertein humsne showed ths presence of the even lower deneity components of the 10 to 20
and 20 to 30 Sy olasses which are also important cholesterolebesrers of serums l.
systemstic study wes then initiated, using various groups of supposedly norinal indi-
viduals and groups of individuals with known aetheroaclerotic disease in an effort to
determine whether the presence of certain of these components could be correlated with
the presence of atherosclerosis. The preliminary findings in this regard were published
by the present author and his collesgues in SCIENCE, Februsry 17, 1950, - HMany other
studies have been made since thet time, and have served to confirm and extend the
original observations, In Pigure _° _ is given a .histogrn with the essential details
of the findings, which indicate a definite relation of molecules of the 8¢ 10 to 20
class to human etherosclerosis, _

Concerning 1iving individuals , Do absolute direct evidence can be obtained
that atherosclerosis exipts, but the indirect evidence is essentlelly certain. For
exszple, patients with a proven myocardiasl infarction will in at lesst 97 of 100 caces
have had such an infarotion on the basis of atherosclerosis. It ir seem from the histo-
granm that approximately 95 percent of patients on ad 1ibitum feeding with myocardial

inferction show the presence of molecules of the §

L1 12bk42Z

¢ 10 to 20 claes in their serum,



OOCUMENT SOURGE 77
Lawrance Borkeley Laboratory £i.
Aschives and Records Offico i

p :
”Bm%.;s e D AOMIN FI :oF Am/fl

Accession No. il —-
Flhmaﬂmﬂ L o ¢ - ,
Carton No. E P RNy

Folder No.
Notes -
Found By

Dates

-9. .
in veriable concentrations., This represents almost univcrsal occurrence of such
wolecules in those individusls who have atherosclerosis. \ By contrast, it is seen that
in young women froa 20 to 4O years of sge the occurrence of such molseules in seruz is
relatively rere. In females there iz ¢ striking increase in the frequency of ogcurrence
of such molecules in the serum as the 40 year age merk is passed. In young men the
oocurrence of such molescules is much more frequent than imn young women. Disbetics
show a higher frequency of occurrence of such molscules than do mormsl individuals of
the corresponding age groups, Three patients with the pephrotic syndrome were studied
and showed exceedingly high levels of molaculee of the Sgp 10 to 20 group. or 15
patisnts with olinicel hypothyroidiem, 14 showed ths presence of such molscules. All
of the above dcscri‘;_ad observstions are eonsistent with the known date concerning the
occurrence and the gsomvlicstions of atherosclerosis in the virious groups studied.
Hore as in the rebbit the existence of these molecules of the £, 10 to 20 clase in the
serun of individusls with atherosclerosis does not prove thet these molecules actﬁal]y
. deposit to fora plaques, tut does show that they rre at least a reflection of the seta-
‘.7‘ bolic disturbance which results in stherosclerozis., It zsy be possible in the pesr
future by tracer techniques in the humen ss well a: in the wabblt to dexzonsctirate
directly whether or not the low-density molscules of the 5, 10 to 20 class actually do .
form the utheroaclorotiei plagues., The striking rarity oi such somponents in the
serua of young wozen and the loss in the spparent protection in 'or;en following the
‘ menopausal years sirongly suggests that some metebolic festure of the premenopsusal
T wonen is involved in the control of the lipid and Lipoprotein . metebolism in a way
r:' such as to prevent the appsarance of thess molecules in serun. The effect of the

o
<= thyroid glsnd in the control of these molecules 1s strongly suggested both by studies

- of experimentel nthez-ou_é’leroah prior to those of the present mrkexfl and by our own
finding of high concont;itions of such molecules ir the serum of pstients with thyroid.
deficiency, Studlies currently inm progress sre directed toward an understanding of
how the estrogenic and thyroid hormones sre related to this problesm,

As to exact mechanisms of pethogenssia of the lesion, assuming the molecules

-.of the S¢ 10 to 20 class 1ight be directly involved, it is too early to offer sny
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concrets explanation. Eowever, it is tempting to speculate that possibly the less
well proteiniszed molecule of the lowef density group may serve in some way as a stimlant
to phagoocytosis by phagocytic elements in the arterial wall whereas the fully proteinized
molecule of the 1.03 to 1.04 density classes does not. Studlies are now in progrese
with tissue culture teschnique in en effort to determine whether or not there it a _
difference in phagocytosis of th@ various components b,y/ phagoecytic cells, of the types
that might presumebly be present in the arterial well.

The question arises immedietely as to the relationship of the st 10 to 20 class
of noliculos to the total snalytical serum cholesterol 1level, The lack of a relation-
ship except in certein groups has been shown by us to exist snd may well help explain
the impasse to which analytical cholesterol determinations had led., For example, at
a serun cholesterol level of 200 mg £ there are approxinately as many persons of the -
normal group who will show molecules of thie Sf 10 to 20 cless in the blood at a
mepsurable concentration as ones who will not. Below this cholesterol level there ars '
fewer persons showing these molecules, but still a fair percentage will be positive
with resvect to the presence of these molecules in the serum, It is n_ot rare to find
molecules of the B, 10 f.o 20 class in the serum of individuals whose totsl serum choles-
terols are as lov as 120 mg. %, Above a serum cholesterol of 300 mg % we have not
yet found any persons who do not show aporeciasble concentrations of the 5, 10 to 20
Bplecules in their serum., All these oﬁsomtionu taken toget;her help us understsnd
—;_hy atherosclerosis may well be related to blood 1ipid transport when evalusted in this
".;\n 1ight, since tbers does exist a feature common to hypercholesterolemic individuals
;o show more than ususl atherosclerosis and individuals hsving normsl cholesterol

levels who may have atho-roaclerosis » nemely, the presence in the serum of molecules of
the B¢ 10 to 20 clase, fii'rém these statements it is evident thet if the presence of the
Se 10 to 20 molecules 1n‘ the egerum is ¢ necessary finding in the serum as an index to
active atheroscleroels, then the determinstion of analyticn'l cholesterol values is
essentially a mesningless criterion for the same purpose, & fact which has sctuslly been

evident for s long period of time, with the exception of the group of individuals of
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the frankly hyoerchclesterolemlc class.
The resaarch on this subjsct by us to date has demonstrated the almost universal -
ecsurrence of molecules 8f this Sp 10 to 20 class in the serum of individuals with
proven atherosclerosis, The existence of the ssme molecules in the sers of s large
number of presumsbly norzal individuals may infer that these ere presisely the individuals
in the population at largi who are developing atherosclerosise. This can be proven
beyond doubt positively ar negatively by studying the blood of s large number of persons
in the susceptible age categories with respect to the oreeence of these molecules, then
observing the incidence of astherosclerotic manifeststions in these persons. The first
2000 of the 30,070=person ecreening vrocedure is now completed. It will be only after
comnlete. etudy of these people has been done that the possible value of this test for
the presence of such molscules in the blood es @ diegnostic nrocedure o¢sn be detcrmined. .
. Pending this study snd for fundsmental physiological informetion, as well as for vpossible
thoughts along the lines 6f prevention and therapeusis of atherosclerosis, {t ias of
great interest to us to determine whether the level of such molecules in the blood could
be altered by dietary or other manipulstion, The rationale for the possibility that
dietary fectors might be involved rests on sewersl obeervations.‘ First, rabbits develop
these molecules in the blood end develop atherosclerosie only if they are fed diete rich
in cholesterol; the same 18 true in dogs, provided their thyroid function ie depressod.-—
Secondly, in other areas of the world where distes are low in choleaterol end fats, & * |
_low ;ncidence of etherosclerosis hes been reported. It was an obv’i:;ua ctep, therefOre,
to determine whétber dietary restriction of cholesterol (and necessarily certain fats)
would result in s lowering in concentration of molecules of the Sgp 1(; to 20 clase in
thocse peraona whose serum showed them initially, Thie experiment is now in progr.ess in
e long-term way. It is llready evident that Af persons showing such moleculss in their
serum are placed on dietp restricted in cholesterol end fats the conceniration of
molecules in the 8¢ 10 to 20 class can be reduced or brought down below resolution
limits within s period of one to eight weeks in over ____ % of ___ oases studied, =

This is true for young emd 0l@ individusls slike - for normsls, dimbetics, and coronary

vstiente, | I -] 2 b 1 5
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VYegetable fats contain no cholerterol but in our preliminary studies vegetable
Zats an well as animal fata have been moderately restricted, especially in view of the
‘fact that exparizentel work suggests that vegestable fats may facilitate absorption of
cholssterol, The extent of restriction of cholesterol and fets of either vegstsble or
animal origin which mgy be necessary to kesp the blood cheared of such molecules over
long periods of tine csn be deterained only by long~term studies, and will undoubtedly
be variable from individual to individual, An interesting question which then arises iss-
will the clearing of such molecules from the blood be of sny prophylactic or therapeutic
valus with respect to ath&roaclorosiﬂ Obviously, this oannot be answered at the present
tive, If the molecules being present in the blood of stherosclerotic individusls repre- )
sent gg].[ e reflection in the blood of the dieordered metabolism which gives rise to
atherosclerosis, clearing "I:ha blood aay prove of no value, On the other hend, if the
pathogenesis of the dlsease inwolves actusl deposition of such molecules in the grierisl
intims to form athorn“, 1t may conceivably be of great laportsnce froam the prophylactic

and therapeutic point of view to clear the blood of such molecules by dietery or other

asans which nay prove effective. Parallel with basic studies of the pethogenesis of the

dlsease by labelling technigues, s series of persons with or without proven etherosclerosis
ie being followed closely, these mdividua/la being on such regimens that do reduce the
blood level of these molecules. The incidence of primary or recurrent complications of

atherosclerosis in these individuale will give us the anewer gs to the value of such blood

alteretion., In sny event, we have svailsble for the first time an objective oriterion

to follow in evaluating the effect of diet in thie discase, no mstter what the final

result may bde,
Obviously the research to date ie preliminary, the ansvers already avellsble

having served to ralse an entire new hosi of questions, In the next few years it may
be that the real significafice of these molscules in gtheroscl-rosis msy be evaluatsd as
one spprosch to the understanding of a very common, important rnd baffling disease,
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