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THE UNIVERSITY OF ROCHESTER 

STRONG MEMORIAL HOSPITAL 
260 CRITTENDEN BOULEX'ARD 

ROCIIESTTII IO, N E W  YORK 

June 18, 1958 

Dr.  M S .  Alving 
Department of Medicine 
The University of Chicago School of Medicine 
Chicago, Illinois 

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 
preaented at the meeting of the American College of Physicians in Atlantic City. 
I have reviewed the manuscript  with great interest  and am returning i t  herewith. 

I a m  a l s o  enclosing a copy of my own manuscript  which has been submit- 
ted to  the Annals of Internal Medicine. 
ing if  I have quoted accurately the work done by you and your assoc ia tes .  I would 
appreciate having the manuscript  re turned eventually but  there  is really no hur ry  
about this .  

I would be particularly interested in  know- 

I have often sa id  that the work done in  recent  y e a r s  by you and your 
associates  on drug-induced hemolytic anemias  f o r m s  one of the most  exciting 
chapters  in  the his tory of hematology. I shal l  continue to  follo- your work 
with the grea tes t  of in te res t  and I do hope that we shall  have frequent opportuni- 
t ies  to compare notes on our explorations of the r e d  cel l .  

With many thanks and kindest personal  r ega rds ,  

Sincerely yours.  
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Young. M . D .  
Profes so r  of Medicine.  ; I' 
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HEMOLYTIC DISORDER3: SOME HIGHLIGHTS OF TWENTY YEARS 
OF PROGRESS '*'s3 

I..awrence E. Young, h4.D.. F. b .C.P. 
.lochcater, New York 

(1) Fraaentad at the lhirty-Ninth I,nnual Sesaion d tbe American College ai 
Physicians, Atlantic City,  New Jersey,  May 1, 1958. 

From the nepartmont of ksd ic ine ,  The University of RochcmLer School d 
Medicine and Osntistry, and the b'edical qervice of the Strong Memorial 
Hoe pi tal. 

Certain of the et-A.liea summa-ized in this report were aided by grants from 
the Departrne17t o l  the, Ilrmy.  Xfict of the Surgeon General. and from the 
Public Health Service. 
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the- Dep8rtment of the Army. OffLco of t h  Sur- O.rrd .  and f r o 0  th 
Public -.ILL Service. 
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Ihriag the paet twenty p a r s  thora have be- remarkabls advuaco~ in 

3ur under#tanding of hmmdytlc dinorders urd in our ability to detocr, difforantir(e 

and treat t h e e  conditions. In few- other areas of medicine bru progre.. been SO 

ra;:i?. or BO clearly attributable to the application of modern hiocbsmlcsl and bio- 

physical rnethrxh to tho study of tlrr cell. 

in thio <i%l?. i have chosen to comment chiefly on observations whci;. have added 

especially t s  ?UT understanding ?f the s thuctcre ,  cytl;:hcrnietry mad metabolism 

3f t !s: r e d  c c l l .  

comnioi, ~ . . 2 d  faocinmtiog :aertlolytlc dieordera sa1 i i r  i ! ,?~ ly  !>e attri1,u:ad in large 

pnrt to ahnurmalitrefi in synthba ia  r:? iTrotciri- -heclno~Iot?ia protein, enzyme protaini- 

ratibody protein. 

Xn reviewing S G ~ T I ~  of the recent proarcns 

1 n t t ~ t l  cite errart:$t.rr illusrratinq thc noirrt t'nat noms of the most 

fill of U B  who bnve hecome enamored of the red blood cell agree wi tb  

n r .  Eric Ponder that  it i s  thr pr3<iiict of ununually time "biological enginsoriq. 1 

IC not the Inert bag o€ benoglobin thnt we thsupbt it was whoa I f irat  studlod 

PhyBi-. 

capablo d reproduction. i t  i r  very much alive and hcr a remarkably complex 

.tructuro rod rnotabolism. Since it 1s the most easily srmphd of dl cells, it 

ii -urd Chat wo should turn to i t  for oome l e a s o m  la collular phyddogy, do~pita  

tb fact that it b u  cmrtain peedirrities. 

Although tba mature mammdlan red cell lacks a nuclsue and Is ir- 

(Figure 1.) 

Strnctuto of tho Red Blood CaU 

1 kaaw d no r d y  srtirfactory ~ i ~ u r l  modrl of t l u  ~tructuro of Lb rod 

a d ,  but Mguro I ,  whlch I hw modinod coamidorabli from a d r r v h g  by Pod.* 
2 

-- 
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bo codiued to a singlo pe 

tho plau BO-~IPJ occmpiod by glutamic add in tho 7th paitios d tho soqwnce d 

amino acid.. aa indlcatod k T a b h  3. A glatamic d d  d t  baa a negative e h c t r i d  

charge r M l e  a v d h e  d t  ia e l e c t r i d y  neutral, bmce rb difference in net electrical 

charge m d  in oledropbratic rnobiltv of tha two peptida. and in fact of tbc whale 

hcmoglobim molecule.. 

. .  
. .  

(Table 3) 

+am'. cohague, H u t ,  foud that in homoglobin c t h  abnormality w8s also 

codl.d to the amino acid in the 7th po.ltha in the No. 4 peptide. with replacement 

12 of a glutamic acid unit by a lyaino unit inmtsrd d a valine unit as In bsmogiebin S. 

Tbia finding correlate. with the genetic evidence that production of horn~obtn C i r  

due to a mutation in the same part of tha chromosome causing tbc production d haw- 

g l o b  s. rortunatrly. haaoglobin C dissaso is, much less COIIMQ. m d  108. dforblIag 

tbrn dckle c d  di.sa.e but in the bomonygow form it i. neverthelearn 8 b-c 

diuorder.  

of t b i r  de.tructicm i m  by no m e a u  &8r, d.8ptte tk predro dmracterimtia ab t& 

abammd brimglobin Ddoculc . 

containing aply hemogbbia C do wt undergo aicldln~. TL me&amimm 
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S(udlss employing trrr\afusla axid perfuabn by Docis. 36 Ernarson ot d, 37 

38 
V ' d r ~ l a n  ot al. and Ia our laboratory, 39b.ve subsequently demonstrated t h t  sphero- 

C p 0 8  are indeed readlly trapped wlthin the s p l d c  p d p .  Within tW site t k y  d r g o  

still more spheriag and more rapid Increase in osmotic fragility than do normal trsns- 

fused or 2crfused red cells which are found in the pulp in relatively small nwmbere 

during 8uch cxpsrimcots. 

with non-hcrnolytlc disorder., appears to be capable of trapping spheroqter 1% readily 

ae the splroa in a persm with epharocytosim. 

is clearly within the red cell rather than the spleen, hut the spleen provides ondrcrp- 

m e e d  factors noccrsary for hemdyd# of the defective tolls. 

Moreover, the normal human spleen, or apleen in pnrroas 

39h this condition the abnormality 

When sampler of sterile defibrinated blood are Lacubatod at body tomperrtore 

for 48 hours or loager, the degree of spcatwour aatohoarolymis of red cdlm from 

patients with hereditary .pkroqtomis is usually much #mater t h n  t h t  m( normal 

red cells.  S d w p  u d  Dadaasbued  that additiea d glucoae to spheraeltic blood 

rnarkedb inhtbftcd such autobmolysis. W o  have obt.t.rd dm1l.r result. in our 

laboratory and have foaad that additioa of mannose or the rpcleo8id.a rd.noatnr. 

inosfne or guu~orhe d o 0  inhlblts hmdysis  of incubat8d red cell. frem paant.  d t h  

hereditary sph~rocytosis.'~ It seems Ilksly that these additives p r d e d  th. &-ea 

by helping to mafatain emrgy ptod.ctiaa from glycOfysir 8bare a c r i t l d  h-1. J d e  

md a8so~iates'~rcacbad dmt lu  eoplclusioae by measuring t& crpadty d 

ribe8lder to enhmce ommatie resistance of n o m d  red tolls aft.. m b r t  pw a 
incub&tion. 
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in our laboratory have rtudhd abaorrnalitisa 
,;, , . .  

rpharocytem by incubating tbc red ~0116 with P32-lr~olled.ortbopho6phtt aad m&r- 

ing the rats of incorporation of P" Into the  various o r g d c  phosphate ester.. TLa 

~hco;ihi=u;-;ontalniug fraction3 of :r ic l iol ,~cct ic  acid cxtractr of the red calls were 

acyarsted !>y paper chromatography. and radioactive and chemical phorphorue rnsaewed 

in each fraction. 

~, 

There I;Fa an xl?n?rm.lPJ rmall flux of P3' into adenorin. triphos- 

The relationship of the disturbed carbohydrate rnetabolirm to the shape of 

the CCUE and to tho hemolytic procers remains to be clarified. Our work to date 

has pravided more quertioun than anmwore. It l e  yousibla that tho inharlted a b a o r d w  

t e  one of rtructurc, whlch in turn might accmnt for the rceultr obtained ia tbe rt~dios  

on metabolism and MI autobcrndynis. A more attrocttve hypotheris, however, I* 

that the rphering and ultimata h m d y a i e  of t b  rad calla are rohted in *om0 m~1111.r 

to dorangenrent in t h  .nsr~-y lo ldinp reactions ai glycdyde. nMch in turn m y  br 

dru t~ duficitncy in activity d oae QI more hsymer.  

lead eopport to this ~ o t h e e f . .  but much more study of t M o  problem ir  uadsd. 

U Our moot recent obeor~ . l ia .  
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r . .  rod tolls produced by cartah antibacUoo, rote-, iso- u d  htoto-, wor" a period 

d about 4 to 24 burs Jter transfuoion Of imcrapdble phmrm. 

pbmmmOaOn has not yet been satisfactorily roprducad in vitro. 

' 

47,56-60 ''- 

'? hatevsr the mech,inisms of bmolynis may ha in autoimmune herndrtfc 

disease ,  hemolysis aubsld-ln ia most eaem after admlnistrntion of I?C 1.H or C o r t i -  

costeroids a o  that aplencctomp can now be r e s a r d  for the more refractory CPmtB. 

The steroids may inhibit formation of rutoantibodieft or they may somehow interfere 

with deatruction 01 red cells ia tha premerce of 8ach aatibodiea. Tho exact rnechan- 

isrile of actton of steroid Lorrnoaea in this disorder, iln in mamy others. rem& to 

be b r m l n e , ' .  

61.62 

Experience in the paot fi2te.n year8 has revealed that R ~ o U L  f o e y  per cant 

d p ~ o p t s  4 t h  autoimmune hemolytic anemia h v s  fln undarl-g disease. most 

bi-6S frequently lymphoma, Iyrnpbocytk Aeukemia, er dffusa c o h g e n  disoame. 

hr fact. premslrce of rutorntibodlea may be the first iadic&ioa of aa S8d.r-g 

dioorder. Use of the Coombn test h s  helpod to r e w d  the lonp-term pdctrro d 

aotdmmuu hemolytic dlraama ud uaodatod  dlsordrro ln much t b  soma r n m r  

a8 t k  use of tha W a s @ o r ~ u ~ n  teat helped to re-d tb. hrll e t o q  Of myphius d d q  

t h  earlier years d tbis century. 64 

Striking mknil.rlties hare bee- e between ldlqathic tbrombo- 

Cvupsnic pctrpura and idiopathic autoimmune hrrmclyc.. f f issose.  

to b e  d.seociatotA with a form of autoiminunizntion. 

Beth appear 

Both accur more c0mrnd.I la 
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It aaemr to me t&t au#Auunuae bamalytic dlrerea may be beat d w 8 t o o d  

lf rogardad a. a disorder rosoltkg cbiofly from a p t h e a i a  04 rbaormd protdmo. u 

aberration that may be comparable ln some respect. to that observsd in rnultiplr 

myeloma and in dissamkrated lupus.69 JuJt a6 the characteristica af the mydoma 

proteins vary from patient to patient, 0 0  do t b  characteriaticr of autartlbaltom. 

P a t i d a  with autoimmure kamolytic disease, fib those dth lupua, rardily prodrrco 

immune h o d b o d l e a  such aa anti-ah, d - K s l l ,  d-*, rbr trumfmod with 

norma rod C d 8 .  

64 
cryo-prokirs. 

to undorgo o ~ 8 C O d o u S  CLurgO. 

60 

9 

9 Mozoavtr, t h y  frcpromtly prodnee cdd-procipltrblr- ar 

Certain p e d o r a  d tb protrh-forming af.tem of tb. body B~ORI 

Wb?@ do. W I  #cur? A-10 WidmnM i . 1 W . B  

t b t  certain ad t& momt r ~ d i o ~ . ~ l i t i w  calla d th rotidtmmd0thoIia.I 8- 

not 

in autodmmtma hemolytic dio08M, muluple mplomu m i  d i m . r m i . r t d  -s. 

Wbodlrm, bat dmo c w r o t d n a  aad probably o t b r  8baormd pr0l.h. ford 

T ~ B  microaomo~. vYeL are frrgmontm od tho e P d o p l r d c  roticulmr is t& 

cytoplasm of m y  types of E&, cOet.in protdn and ribaaclsic add, tho RNA 0 

which1 previmdy referred aa a likely modiatot of t b  cc&rol of DNA m -d# 
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Figure 1. Vieual modal of normal human red blood ca l l .  viewed 

from cut ourfaca. Molecules of lipid are represented 

by bar. and molecules of protein by bots. 

the bsrm m d  dot* are dlagrimrnatic. - &lecdar 

sime 10 i n d i u t e d  more accurate ly  in Figare 2 .  

The aises of 

Figure 2. Modal of red cell membrane. reprinted f r m  Pander1 

by courtesy of Scientific American. Round-baled 

rectangbs ropte8cat lipids of d1 type. (Cholesterol, 

pbephalipid and fatty s k i m ) .  L a r e  shded c i r c l e s  

c a n t d n i a g  omJlsr circles are protein bundler cut fa 

cream oectiar. Cirdos at top r e p r e  a *r af 

olbomCo. 



SOME COMFVNEh'TS OF HUMAN ERYTHROCYTE 

L I P I D  

STRUCTURAL PROTEIN 

BLOOD GROUP SUBSTANCES 

HEMOGLOBIN 

PROTOPORPHYRIN 

COPROPORPHYRIN 

GLYCOLYTIC S Y S T E n  

GWTATHIONE 

ENZYHES (40) 

VITAMINS 

mNERALs 

WATER 
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