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Dr. Alf S. Alving

Department of Medicine

The University of Chicago School of Medicine
Chicago, Nlinois

Dear Doctor Alving:

I greatly appreciated your sending me the manuscript of your paper on
"Some Genetic Aspects of Primaquine-Sensitive Hemolytic Anemia'" which you
presented at the meeting of the American College of Physicians in Atlantic City.
I have reviewed the manuscript with great interest and am returning it herewith.

I am also enclosing a copy of my own manuscript which has heen submit-
ted to the Annals of Internal Medicine. I would be particularly interested in know-~
ing if I have quoted accurately the work done by you and your associates. I would
appreciate having the manuscript returned eventually but there is really no hurry
about this.

I have often said that the work done in recent years by you and your
associates on drug-induced hemolytic anemias forms one of the most exciting
chapters in the history of hematology. I shall continue to followimg your work
with the greatest of interest and I do hope that we shall have frequent opportuni-
ties to compare notes on our explorations of the red cell.

With many thanks and kindest personal regards,

Sincerely yours,

5
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m. Young, M.D.

Professor of Medicine - -
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HEMOLYTIC DISORDERS: SOME HIGHLIGRTS OF TWENTY YEARS
OF PROGRESS 1» 4,3

lL.awrence E, Young, M.D., F.A.C.P.
Hochester, New York

“resented at the Thirty-Ninth finnual Session of the American College of
Physicians, Atlantic City, New Jersey, May 1, 1958,
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Vluring the past twenty years there have b;cn r‘emarkabla advances in
our underatanding of bemolytic disorders and in our ability to detect, differentiate
and treat theee conditions. In few other areas of medicine has progress been 80
Tajll oF 80 clearly attributable to the application of modern biochemics! and hio-
physical methods to the study of the cell. In reviewing soma of the recent progress
in this {i«ld [ have chosen to comment chiefly on observations whicl. have added
ezpecially to nur understanding of the siructore, cytcrhemisiry and metabolism
of the red cell, 1 ahall cite exainples tlasrrating the noint that scme of the most
commion =nd fascinating hewolytic disorders caa prsbanly he attribuied in large
vart to abnurmalities in synihesis o protein- ~hemoglobin yroteul, enzyme proteing

antibody protein.

211 of us who have become enamored of the red bicod cell agree with
Dr. Eric Ponder that it is the prodact of unusually fine “biological engineering. 1
It is not the inert bag of hemoglobin that we thought it was when I first studied
physiclogy. Although the mature mammalian red cell lacks a nucleus and is in-
capable of reproduction, it is very much alive and has a remarkably complex
structure and metabolism. 3Since it i» the most easily sampled of all cells, it
iz natural that we should turn to it for some lessons in cellular physioclogy, despite
the fact that it bas certain peculiarities.

{(Figure 1.)

Structure of the Red Bloaod Cell

1 know of no really satisfactory visual model of the structure of the red

2
cell, but Figure 1, which [ have modified considerably from a drawing by Poander
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ﬁbﬂld be painted out thet in additien to the structural preteins there
are appreximately ferty ensymes thus far identified in the normal hamen rod
cell. The exact manser in whish the ensymes and sther melecules are distributed

througheut the cell is nat known. There is good avidence, howevar, that the hesme-~
gisbia melecules and other m-m.nhmhnnrﬂrm
Arrangomsent wharess thess ia the isterior of vhe coll have s more diserdored

{Figure 2.)

arrangement.

Figure 2 shows a portien of the surface layer sccovding to Pender's
m.‘ Thw 1ipid meloculas, that ts, phoophalipid, chalsstarel, faity saids
and aswtral fot, are represeuied by reund-buaded rectangies ia & position perpon-
dicular to the surfacs of the eoll, while the pvotein melesules ave piscured as
being wrapped asround the esll "Mhe string aveund & ball.” The cizeles ot the
top of the diagram reprevent a layur of slbumin which may be adhovent 0o, or 2
part of, the ouker surface of the soll. As we losk at this dlagram, we should
beer in mind thet many of the preteins, beth stractural proteins and encywme protetns,
probably have & spival or helieal melosular siructars. 1 hepe that this ilinctuetion
vﬁ»d&hm*ihwumwaﬂﬂmmhln;ﬂ.
m.mnmmum-muﬁm-w. The
wsmmercus bleod grexp subetsasss, f-ru-h.mmhmm

R S .
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" mot'shown here but kirvwn to he present in the outer L._ors of the cell.

-

Metsholiam of the Red Boed Coll

Seme of the knows saaymes of the lamin rod cell ave listed in Tablae 1.
We ohall be particularly interested in those Invelved in glyculyais. Seme of thess
mmhmMMdhoﬂ'lmuﬁ.hwd
them are knowa to be sutive in the metabollsm of the mature red eell, |

(Rend et 7)

ruwmhmuwh.mrammu
umwm:u*nﬁﬂhdhdlﬁ’ﬂuymmﬂ
mgyhhhmduﬂmnmbﬂ“‘nlmmdhm
umuwymdhmwﬂhmmum. The
sedinen and potassivm gradients betwoen ths ¢all aad biood plasas have bost mest
eutensively studisd. m«wwmmnmm
mm*mmmmnmww tm
pessills, for sxample, ﬂ&hdﬁoﬂﬂ&-.ﬂmdﬁﬂl’
dmwﬂnﬂnﬁm“m“wmﬂhm.

.Wuwmdwndndm-qq”
m?.bl.! roh eally from * “*w
mmnmmnmmm
uwrﬂyhﬁ’w-dm - Cm the giteey Sund,

wmmu—hmmmwmm’mﬂq
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the red cells in thase cmmhu“mummmtht ﬁ b2 i
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m-pnhnthlrmlndm.mm v«t-mﬂ“
wmm.mmmmmunmwﬁmj?"
within the hemeglobin melocule. S
Pauling, Nane, upr-avm"arn-hnuhlmmmdmu-ej"..

ta

mu-hm“um«nm.nwmmma-m'

vmum:uunm the hotercaygous sonditien. m:_dhndw.

h-qbbhn. -M-mmwmsm wmu H
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remains te bs determsined. mm.nmwddmw

Du'h.tloputyurbr. Vernen Ingram’?? udth%?rdcydcu-hﬂdp
rw.mmsmwmhmﬁﬁihaw oleciro-
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be confined to a siagle peptide amit, No. 4. Within this pestide 4 valine unit occuples
the place normally occupied by glutamic acid in th-"ﬂ:.h 'po-iu‘an of the sequence of nine
amino acids, zs indicated in Table 3. A gluunldc acid unit has a negative electrical
charge while a valine unit is electrically neutral, hence the difference in net electrical
charge and in electropheretic mobility of the two peptides and in fact of the whole

hemoglobin molecules.

(Table 3)
Ingram's colleague, Humt, found that in hemoglobin C the abnormality was also
confined to the amino acid in the Tth positien in the No. 4 peptide, with replacement

of s glutamic acid unit by a lysine unit instead of a valine unit as {n hemoglobin S.R

This finding correlates with the genetic evidence that production of hemoglobin C is

due to a mutation in the same part of the chromosome causing the production of hamo-
globin S. Yortunately, hemogliobin C disease is much less common and less disabling
than sicklie cell disease but in the homoxygous form it is ne;rerthclcn a hemolytic
disorder. Cslls containing only hemeoglobin C do not underge sickling. The mechanism
of their destructioa is by no means clear, despite the precise characterization of the

abnormal hemoglobin molecule.

I is indeed remarkable that in sickle cell anemia a change of ome amino acid
in three hundred ia the hemoglobin molecules is associsted with the sickliag phesomenon
and may therefore be importantly iavelved in the hemolytic and thrombotic processes
with which the possesser of hamogisbia § {2 afflicted ar-enpeait-ebintvernsouliiruiiiing.
It is aloe amdl; that the respeasible gene affects hameogiobin syathesis se delicately
sad 30 regularty that all but ome of the thires hndred asmint acids in the moleculs are present
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in the normal m'\.f" How can a gome prdu’z. mvx daviation h "m“?':;of:

 hamogtobin or of any other proteln melecals? 'Af this poiat we mest asneider thy -

oarlier life of the red cell when it #till had a nucleus containing chromosomes.
(Figure 3)

' 'I‘lw most recent contributions of the hio.thllllti show that chromosomes are
compessd of a wumber of constituents including decxyribonucleic acid (DNA), kistone,
and a non-histone lipoprotein, Functionally, the DNA is PrYobably the most impertant
of these, since recent studies om bacteriatl transforming factors and bacteriophage,

as well as studies of mammalian cell nuclet, indicate strongly that DNA ia the gemetic

material of the cell. 13,14,15

DNA is a fibrous substance which on a molecular basis is thought to conaist of
two long chaine or strands of nuclectides running in opposite directions and twining
about each other {Figure 3). The two chains are cross-linked by the hydrogen-bonded
suclsotide base pairs, adenine -thymine and guanine-cytosine. The arrangement of
the bases is such that wherever adenine occurs in one of the DNA strands, thymins
must occur ia the oppasite strand, which is hydrogen-bonded to the adenine in question.

A similar relation sxists betweon guanine and cytosine,

Cr!ckulikou the DNA molecule to a long winding staircase, with the nitrogenous
bases in the position of stalrtresds. X seems likely that sach type of DNA maolecule
bas a particalar ordar of arrangement of ite baves aml that this order sornehow detar-
mines the erder of arrangement of amino secidg in corresponding proteins which are
boing syathesixed ander control of the gene composed of the particular kind of DNA
in question, 12,13 The properties of any given protein are im tura, to s considerable

extent at leaat, sttributabls to the specific sequence of its amino acids. The contrel
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be understood, however, that th auct role of RNA in prm *21
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'r)u recm work on slckle cell h-mc;lobla e;n-ﬂﬁtn a lud%ufﬁk?in th Mo.
ment of genstics. The work of Ingr amu 121 8, in fact, the flru uulhut onmph of
the manner in which a mutant humen gens, or altered DNA md.cih. way {? w
the agency of RNA) produce a minute but highly significant. chagc in thn nrrw
of amino acids in a malecule of protein under co:utructim. ‘ TN: duumtrluh wuld
seem to be the ultimate in idestification of genctically dctcrmlnod biochemical hdﬂo

lle.ﬁo cell dhn.n. as in 50 many other diuuu uecntly oubjactod tc in-nln

study, the biockemist has bad the last word. . ‘ ‘ L
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Drug~induced !ﬂgﬂc Aum

Another milastens in our uanderstanding of the roihloo& cdlnd its hmneuon

&t

£

is the nscu.u.. series of tuvestigations on lmaclyuc mm .huluod hy p:dmaqu:h-

_1‘(

and aniline’ d.rlnﬁvu such ae sulfantlamide, naphlhhu phnacoth ¢ uotldlid.

para amu:o-n.uquc acid. and Furadantia. Suoclpﬁhh pcrun- aro moctly Nc;ron
whose red blood cells have besn shown by c.rm, mn.u “Ickas m Alvh‘ Ond
by Gross and Mu-k-.nt- be deficient in activity of the m ﬂuou-i-phcphuc

dehydrogenase. Beutlar, Dern and Alviag have ﬂw‘m that incnhn!oa of such red
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bloodrcells sn.'.p acetyl phanylhy#am ruulu in’;ha lpiau.tmcwa{ nbnormall’ lu.o S
Y4 , . - = ’_. ﬁ ":

numb-n d htracauuhr inc‘huiul callod Hchu bodhuz: nd Ll a nurk-d‘. duru“

- ..1*-! ',‘
e _,_ gp'i"" -

*:

3 r
in content of roduccd glutq.thim in tho c.u- . T‘In lluh:hlenp otahmty tast hu bo-:
] .1!' ’-w!. ° '
2 - wl’ ». N VL . R ]
atilized by Bcutlar, Chud- et a:l. Sulnborg ct al. M bydrnn a.ud M.utn,n

detect porlmn susceptible to davelopmant of this Iorm d’ hnolytlr. aumia..

' I‘.].
T

The older calls in the circalation are most susceptible to hemolysis in such

persons, presumably bacause they are most deficient in myme ﬁ:t!vity. Since

younger cells are resistant to bamolysis by this mechanism, hemolysis tends to be

26

self-limited. Dern, Beutler and Alving ~ bave shown, moresver, that the red cells

remaining in the circulation after hemolysie due to sulfanilamide or acetanilid are

relatively insensitive to administration of primaquine.

Although there are other blochemical abnormalities im such red c.lh.z7

available evidence suggosts that the "basic” defest is probably the deficiency in

dehydrogenase which is genatically detarmrimed, quite likely by a eex-iinked geme, 21,24,28

that is, byamnlnthe X-ckromosome. Thw Mcimhdoh&nmnnih
reduced glatathione 1s of no camsequence to th- red cell wnlosr the cell is W

to certain substances, such as the drugs mentiensd, which presusably Mn an adverss
effect on the cell's metabalism., Nermsl red cells, om the ‘t_hr hand, are unaffected

by axposure to similar quantities of the drugs.

Favism, or acute hamolywis fellowing ingestion of fava beans, may be.associated

with metabolie abnormalities similar te or poasibly identical with these found in the

drug-induced uscu.“'zs Zinkham, Leubard and Childs’?have demenstrated »
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dcﬂ cyrnl?dchydrmmt utivny h rcd uu- frum pdm- i}ith fnﬂnm. nd mu‘
and unoduuz‘hn -btduod abaorual ruulu in 'lm mhihty mu an roi o ?1
cells Irom parlm in two Greek' lunﬂhu l.ﬂllcudwnh Iavlm ’ ﬂ*rh- mdn of Ma‘
“studies om these familiss suggest, but do mot prove, m-w o!th metabolic
abnormality. Favism is most comunen among Grukt. Sudt. Scphrdic Jnon

and certain othar Mediterranean mda inelnding Ralians, but It.hn are mo reperted .
data on its occurrsnce amaong Negroes. It now seems maihl'cthnth apparent rarity
of favism ameng Negress may be dus 1o lack of exposurs e!!b;nn to {ava beans
rather than lack of inkerited susceptibility. At any rate, we now realisn that whea
hemelytic rsactions occur after use of certain drugs or ether ubltﬁnu. A gemetisally
determined basis sheuld be suspected. sspecially if the ranctions ocssr meet froguently

im particular racial groups.

Motalsky? makes the peint that suck resctions sheuld be regarded us “medels
Iumnaﬂ-.thhoruﬁudhnﬁtynﬂmu&mmd
disesse.” Nt is, in fact, €iffieult to esmceive of better medels. K should aloe be
sppreciated that the deficiencies tn these red colls could mat have bosn demensirated
m:w,.m.mm.mwmm.m. Ve can cpont
that many iaberited biochesnical sbnormalities of variese types of colls will be demen:
Mhumwmmmmm.jnmw.
te predict mmdummaummdmah
mmm-mmunpdwﬂwmmm
se procisely st the Univeraity of Chisage, 30+ 12:23,26, "-".u_n-s Sophine , X429
Cotumaia. ! Santord?’ and ot the Geverament Hoapital in Ted-Mashomer, lsvael, 253}
by use of red calls {remm patisnts with homelysis induced by drngs or fava baans.
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Ancther iakerited hemelytic disorder which has besn undsr intensive study in

~

recent ysars is hareditary spherocytosis, formerly known as cemgenital hamalytie
anemia. This ceadition is inderited as a mendelian dormimant with widaly varying

panstrance or cxpression of the respomzible gens, and i{s characterized by the presence

of spherocytes or abaermally thick red cells in the circulation.

The imwmature red calls ia the circulation of affected persons have asymal
shape; ihe sphering or increase in thickness diameter ratio occurs only when the red
coll has become mature. In this dsorder as in muny other hemolytic states, immature
red cells seem to enjoy semae degree of immunity to destructive processes. Perhaps
such immunity is due to differences in metabolism in the immature cell, but this
possibility will require further study in each of the hemolytic didlorders under consid-

eratiem.

Anemia and Jamdice ars promptly, completaly and permanently relisoved by
splenectomy in nsarly all cases of hereditary spharocytesis despite persistence of
the abaormal shape of the red calls. These features of hereditary spherosytonis
have been recogaised for many years.l?*33 vwaat, them, ts the role of the spleen in

this dlaorder’

Whipple?onggested in 1941 that spherocytes might be readily trapped within
the splenic pulp becanse the abmermal thickness of the cells weuld make difficult their
escape threugh slit-like opsnings betwesn the pulp and the vensus sinuscids. Ham
and Cantle?? in 1940 had found that spherocytes incubated im vitro at bedy temperature
underwent lysis more rapidly than wermal red coelis. They postulated that changes
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hemolysis in spherocytic states. \ ',é:"“f‘.'{ " ,’;;;L"'

Studies employiag transfusion and perfusion by Dacia.seEmersaa ot d,37
Weleman et a.l.sla.nd in our laboratory, 39h.nvwe subsequently demonstrated that spharo-
cytes are indeed readily trapped within the splenic pulp, Within that site they undergo
still more sphering and more rapid increase in osmotic fragility than do normal trans-
fused or prrfused red cells which are found in the pulp in relatively small numbara
during such experiments. Moreover, the normal human spleen, or spleen in parsons
with non-hemolytic disorders, appears to be capable of trapping spherocytes as readily

38, ”In this condition the abnormality

as the spleen in a person with spherocytonin,
is clearly within the red cell rather than the spleen, hut the spleen provides environ-

mental factors nocessary for hemolysin of the defective cells.

When samples of sterile defibrinated blood are incubated ut body temperature
for 48 hours or longer, the dagres of spomtanecus autohemolysis of red celles from
patients with hereditary splwrocytosis iz usually much greater than that of normal
red cells. Selwyn smd D.dB“IMd that addition of glucoee to spherocytic blood
markedly inhibited such autohemolysis. We have obtained similar results in our
laboratory and have found that addition of mannose or the anclecsides adenceine,
inosine or guanosine aleso inhibits hemolysis of incubated red cells from patients with
hereditary lphnrm:ytoais.‘l It seema likoly that these additives protect the spherecytes
by belping to maintain energy production from glycolysis sbove a critical Jevel. Jaffe
and associates*?reached similar comclusione by measuring the capacity of purine

ribosides to enhance osmotic resistance of normal red celle after shert periods of

incubation.
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in our lahoratory have studied ahuormalitie- of carbohydx;ta
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spherocytes by incubating the red cells with P3z—hbcucd orthophouplute and meacur-

ing the rate of incorporation of P32 into the various organic phosphate eaters. Thc
pheapherus-contalning fractions of tricklovacetic acid cxtracts of the red cells were

aeparsted by paper chroinatography, and radicactive and chemical phosphorus measured

32

in each fraction. Therve w2z an ym>rmally small flux of P77 into adenosine triphos-

phate and ., 3-diphosphoglycerate and an abnormally lurge initial flux intc the imorganic
phosphaie fraclion ingide the sphercayies, 0 ’a‘u.' <Ly and nseoci.e.tes"shave ot:itained
stmilar resulls.  “hese aknocmalitize persisted (far splecectomy and weras largely
carrected 'n the wajority of case v inculynting (h: red cells with adenosine. Yack

of the corrective effect of adenacine ~an encountered iu all affected members of four
familles and may point to a variant of some significanc<e in this disorder whick was

previously thought Lo be a single disease.43'46

The relationship of the disturbed carbohydrate metabolism to the shape of
the cells and to the hemolytic process remains to be clarifled. Our work to date
has provided more queetions than answers. It s possible that the inherited abmormality
ie one of structure, which in turn might account for ths results obtained in the studies
on metabolism and on autohemolysis. A more attractive hypothesis, however, is
that the spharing and ultimate hemalysis of the red cells are related in some manner

to derangement in the energy-ylelding reactions of glycolysis, which in turn may be

due to deficiency in activity of one or more #ngsymes. Our moet recent obtorvuiul“

lend support to this hypothesis. but much more study of this problem is seaded.
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handicap which becomes clearly manifeat when thy a.r trappad in tho lplacn or
when they are removed from the circulation and incuhau:ed in the laboratory at body
temperature. [n either case theaa red cells undergo rapid sphering and lyais, ¥
certain sugars or nucleosides are added tr.; the incubating cells, hemolysis s markedly
Inhibited, perhap- .ecause the supposed metabolic handicap may thereby “e¢ overcome.
WCe the Itllen i¥ removay from these patiente, fhe rad cells Yave more continuous
TR RO slarga Cuastitaen: snd have normal o ~aly roderately reduced life 4pan

Aoyt sraletency of tha ingerigad abnorvnaltities

Teeer s F poaginle chat heye. litary spharvcytosis may prove o Y zuothar
CYAMLae 0 gomal or leficlent nrotein syntheris, more specifically a f!eﬁriqﬁ
in synthesis of glycolytic enxyme nrotein lue to a mutation in the responsible gene
or N molecule ¢ ¢ threach the agency of ANA), This condition may prove to Le
aailogews in certain respects to the genetically determined deficiency in glucose-6-
phosphste dehydrogenase lound in red cells of persons with drug-induced hemolytic
anemia. In the latter condition, the drug is the environmental factor needed to cause
hemolysis, In hererditary spherocytosis the splenic trap provides an enviromment

conducive to hemalysis of the inherently defective cells.

Extracorpuscular Agents

Let us turn now to consideration of bemalytic procesdes dus to extracorpus-
cular factors. In thie groap of disorders the red cells are presumably normal when
delivared to the circulation from the bone marrow but are destroyed in cne way or
another by extracorpuscular ageats. Of the many known hemolytic agents, only
satibodies will be considered because advancee in our understanding of erythrocyte-

antibody relationships have been especially rapid during the past twenty years.
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Anﬂbod!-hduc.d Destruction of Red Cells
Studies on the cap.clty of isoantibodies nti-A. mﬂ-n. M-Rh. and-m

anti-Duffy, anti-Lewia, etc., for initiating destructiom ot red c-u- in vive hﬁ
lagged somewhat behiad stadies on in vitro behavior. Itis nlfr‘oady clear, W' —
that in the presencs of specific antibodias, red cells may bcthcmy.d by amy oms

of several different mechanisms or by ac;'cral different mch;nlmt'ptrtﬂ.l. !
simultaneously. Caertain antibodies are capable of rapidly l”lll‘l‘.‘ cells intkwa-
vascularly with the aid of complement, presumably in much the sams way as red
cells are lysed by such antibodies in vitro. These sume antibedies, especially
anti~ A and anti-B from certain individuals, are the ches most capable of premeting
Phagocytosis of red cells by leukaocytes or macrophages in vitro, i.-tnm/nhﬂy

in the spleen and in othar portions of the rcucuhndﬂtholld system. The obum
tione of Doan, Wright and associstes, *® Vi'll"u.Mo” and Swisher sad l'hh“ |
ea phagocytosis ‘%h spleen, and by Zinkham and m.-au” and M M m“

on in vitro erythrophagocytosis are especially !.p-n.ﬂu. .
';‘E . ‘ L §

i

Jandl, Jones and Castle®? found that red colls m;inuaorma'&nm
incomplete Rh ntibody antl-D, were nqmntorod chhny by th- -phn Ulilr
thosw eircumstanc-- the spleen appears to sorve as a "panm mm“ l-d loqwntn.-
tion may be enhanced by the rodnn‘-mhduﬂ‘bdhudﬂum O- lhlllhlr
hamd, tagged group B red cells trancinsed by these ll‘nui‘fu.orl.u\lm A recipient
with cemmplets anti-B aggiutimine in the cireculation ware sequestered chiefly h th
Hver. The mechanisms by vﬂct toquestered red cells are lysed within the spleaen

. , . ey = -
- . P el aania Al - - LU ey R
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cance of this disturbance in relatiom to thc lytlc precess runahu to be deurmhud
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Autelmmuns Hemolytic Disease

Of the hamaolytic states iavolving antibodies, ome of the most hldu_tilg
and most studied iz antoimmune amelytic disease, s form of acquired hamelytic
anemia associated with anteantibedies; that is, antibodies or antibody-like substances
reacting with the affected persen's own ved cells. Presence of autoantibodies on
the rod calls or in the serum is demenstrated by use of techniques, such as the
antigishalin (Ceombs) t.u.”dtnlqod during the past fifteen yoars in the course of
studies am fecantibodies, especially Rh antibodies. The mechaniams by which amte-
antibedies destrey red cells appear to be the same as those just enumerated for
issantivodies. 21034 Ty r%.&nﬂrtmeo of the several hemealytic mechanisms
can be sxpected te urym‘nuy frem case te cans aad from time o time in

tha same case, depending wpom the quantity amd charscteristics of the uh.ﬂbd’.’

It should be emphasined that in mest cases sutcantibodies, like mest of
the known iscantibodies, are insagable of hemolysiag either sutogencus or nermal
umam rod colls in vitre in the presence of complemment. They may be regarded
as 'm,.ly-ha". however, since certain antcantibedies may hemalyne normal
ndcdhw-d‘llwlndum. and they may slse hemolywe the
abuermal red colls frem pevsens with nocturnal hemegiobinaris.’ Many sboervations
dﬂ-nu:/mabm&-m- thst the hody comtributes impertantly,
and in wpphumutplm. to the destrustion of red ceils initinted

',' !
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-* »ed cells produced by certain antibodies, ante-, iso- nd hctero-. over a pcriod o

47,56-60

of about 4 to 24 hours after transfusion of imcempatible plasma. This

phenomenon has not yet been satiafactorily r.ﬁrodncod in vitro.

7 hatever the mechanisms of hemolysis may be in autolmmune hemolytic
disease, hemolysis subsides in most cazern after administration of ACI'H or corti-
costeroids sc that splencctomy can now be reeserved for the more refractory calel?l .62
The steroids may inhibit formation of autoantibodies or they may somehow interfere

with deatruction o! red cells in the presence of such antibodies. The exact mechan-

istas of activn of steroid hormonas in this disorder, as in many others, remain to

be determine’,

Exparience in the past fifteen years has revealed that about forty per cent
of patients with autcimraune hemolytic anemisa have an uaderlying disease, most
fraquently lymphoma, lymphocytic leukemia, or diffuse collagen dism.ac.“"""
In fact, presemce of autoantibodies may ba the first indication of an underlying
disorder. Use of the Coombs test has helped to reveal the long-term picture of
autolmmune hemolytic disease and associated disorders in much the same manner

as the use of the Wassermann test halped to reveal the full story of syphilis during

the earlier fearo of this century.

Striking similarities have becoms apparest between idiopathic thrombo-

"
cytorenic piarpura and idicpathic autoimmune hemoly:.. disease. 65,66 Aoth appear

10 bt assaciated with a form of autoimmunization, PBoth wccur more cominculy in
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i’?’; .also occur simultaneously or sequentially with this form of hamdyﬂc anemia, ‘h

the mechanisms responsible for leukopenia seem currently to be less clear than

66

those demounstrated in thrombhocytopenic patients by Evans et 31.65 Harriagtea ot al,

and by Stefanini and Dameoh&k.s"

It seems to me that autcimmune hemolytic dizsease may be best understood
if regarded as a disorder resulting chiefly from synthesis of abnormal proteins, aa
aberratiom that may be comparable in some respects to that observed in multiple
my.lcma“a.nd in disseminated lugma.wl Just as the characteristics of the mayeloma
proteins vary from patient to patient, eo do the characteristice of autt'amltlb«ltiho.9
Patients with autoimmune hemolytic disease, like those with lupus, readily produce
immune iscantibodies such as anti-Rh, anti~Kell, amti-Duffy, whea transfused with
normal red cells. ’ Mozsover, they frequently produce celd-precipitable- or
cryo-ptateiu.“ Certain portions of the proteim-forming aystem of the body seem
to undergo @ mysterious change. Where doss this occur? Available evidence indicates
that certain of the most radiosensitive cells of the reticulcendothelial system produce
not only antibodies, but also cryeproteins and probably other abnormal proteins found

in autoimmune hemolytic dissass, multiple mysloma snd disseminated Jupus.

The microsomes, which are fragments of the sndoplasmic reticulem ia the

cytoplasm of many types of cells, coatain protein and ribomucleic acid, the RNA to

which 1 previously referred as a likely mediator of the control of DNA on aynthesis
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of hemoglobin and ér’enzyme protein within the Immiufure red cell. Recent wozk

points to RNA as a ternplate, or to use Za:necnik'l70term. a 'printing press’ controj-
Iing arrange~ient f amino acids in the aynthesis of protein mnolecules. In autormmune
neonniytic disesse, the tiny printing srezses in the antitody-forming cells seem to
regpon-l te gatigens ir the ovatient's v red cells and in rranefused normal red cells
vhich previously evoked no vemwonee, Changes occurving in the vytoplagmic (WA

of the reticuloendothalial rella iy thus ~2salt in maxJdoctore of various types of
sutonntibodles, irregular isoantibodies and nerhapr othes abnorimal proteins such

i9 eryoglobulin., 7 2 do not know how such changes 1o “NA might coine - Hout, how
they might be related, if at all, to chromosornal 2N/ . ond what change, if any, might
accu- an the antigenicity of the red cellz in this discase. The possible rele of cyto-
nlasmic RMA outside th microsomes may also have to he considered, 9 Nevertheless,
it +=eme voarille that changes ir configuration and/or function of Kk MNA molecules,
particularly In the microsomes, of the ceils in question could be responnible for the
ayathesis of the variour abnormal proteinsg found in the autoimmune hemolytic

disorders.

Washington National Record Center
Office of the Army Surgeon General
Record Group 112

Accession #: SFA- UG 3

Box #: Lt

Fite: W Yaol B Cacgen FD- 768
L’n\v@;?t\/ oA~ C}]\C‘?SSO
?fv?cftc S Hc,qu;c,f:;{fs



,n.
3 .."‘,

As we mrmm-hmMerW &aw;.
it is appareat that much of the progress {s due to appreciation of the role of disturbed
proteiz synthesis--hemogleobin, snsymases and amtibodiss. It becomes clearer esagh
moath that protein synthesis is indeed 2 central problem im biaclogy, and the heamolytic

diserders serve admirably to illustrate this point.

Much of the progress in our understandiag of hemalysis can alse be
attributed to the growing appreciatien of the fact that the red cell is a complen,
highly organized, living cell, a cell from which we can learn many lessons if we
give it the attemtion it deserves. Aws each year pacses we can understand mere fully
the meaning of the statement made by Lord Dawson’? in 193] that "the disease

hemselytic anemia has an imterest beyoad itseld. ™

Aheatract ]!or imry_lm!

Recent advances in sur wnderstandiag of {our typas of hamelytic disorders
are reviewed: (1) hemeglobinopathies, (2) hemolysis induced by drugs and fava
beamns, (3) hereditary spherecytosis and (4) autelmamune hamaolytic dissase.

The sbservations cited support two general contlusions:

A. Some of the most comumon and {fazcinating hamolytia disorders

can probably be attributed in large part to abmsvmalities in
synthesis of pretein--hemegiohin, ensymes and antibodies.

B. Mush of the progress in sur mmderstanding of hemelysis is due to
mmi.ﬂ-dthuﬁttﬁthmwmhlm. kighly

srganised, Mwiag eell.
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Table 1.

Ensymes Demonstrated in human Erythrocytes

Glycolytic enzsymes Catalass
Haxose-meono-phosphate Urease

shuut eagymes Arginase
Phosphatases FProteases
Acetyl cholinesterase ATP-ase
Glyoxalsse Methemoglobin reductase
Carbonic anhydrase Purine nucleoside phosphorylase
Glutathione reductase Adenceins deaminase
Pyrophosphatase Myokinase
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Table 2.

Classification of Hemolytic Disorders

Intracorpuscular ahnormalities
Hereditary (¢.g. hemoglobinopathias, spharecytesis,
elliptocytosis, thalassemia majer)
Non-heroditary (e.g. nocturmal hemoglobinuria)

Extracorpascular 'agents”
Spleen; antibodies; chansical, physical, infections agents

Miwed types

Roth intracorpuscular abaermalities and sxtypcerpuscular
agents involved
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Tablse 3

Arrangsment of Amino Acids in PIpﬁhNo 4
of Hemeoglobin Molecules {Imgram "°

Hemoglebin A Hemoglobin § Hemoglobin C
Histidine Histidine Histidine
Valine Valwe Valins
Leucine lLeweine Laucime
Leucine Leucine Leucise
Threanine Threonine Threonine
Praline Preline Proline
Glutamic acid Valiae Lyeine
Clutamic acid Glutamic acid Glatamic acid
Lysime Lysine Lysine
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Figure 1.

Figure 2.

Figure 3.

Explamation of Figures

Visual model of normal human red blood cell, viewed
from cut surface. Molecules of lipid are represented

by bars and molecules of protein by dots. The sizes of
the bare and dots are dixgrammatic. igtmmbe fholecnlar
sine i» indicated more accurately in Figare 2.
Model of red cell membrane, reprinted from Ponderl
by courtesy of Scientific Arnerican. Round-headed
rectangles represent lipids of all types {cholesteroc],
phosphalipid and fatty acids)}. Large shaded circles
containing smaller circles are protein bundles cut in

cross section. Circles at top represamt a layer of

albumin.

Model of DNA structure, reprinted from Gricku by

courtesy of Scientific Amaerican.
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SOME COMPONENTS OF HUMAN ERYTHROCYTE

LIPID

STRUCTURAL PROTEIN
BLOOD GROUP SUBSTANCES
HEMOGLOBIN
PROTOPORPHYRIN
COPROPORPHYRIN
GLYCOLYTIC SYSTEM
GLUTATHIONE
ENZYMES (40)
VITAMINS

MINERALS

WATER
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