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C 85 

I•dloimmunoaa=ay of erythropoletln: ¢ir•ul•tln• 
levels in normal and polycytheml¢ human beln•a 

JOSEPH F. GARCIA. SHIRLEY N. EBBE, LESTER HOLLANDER, 
HUNTER O. CUTTING, MARILYN E. MILLER, =•d EUGENE P. CRONKiTE 

Until 
recently, d'=e quanrir•don of Ep in serum and pLuma ha• been dependent on 

relatively insensitive bioassay systems. For the put 20 years, an assay employing the 
polycythemic mouse has been used by mo•t/nvescigator• for the btoass•y of Ep.' However, 
resu]w from d•erent ]•borator/es are not always intercompaztb/e because of experLmenta.i 
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v•bi]/r,s'. A/though this bloassay/s capable of me•ur/ng Increased ctrculal/n$ levels of 
Ep, measurement of normal levels requ/,-es concentntion of lar&e amounts of pl•ms.* 
A/so, mater, s o•her than Ep may affect the bloassay results. • A variety of In v/In) bfoassay 
sTstsms for Ep measurement have also been developed utilizing cultures o• bon• marrow,' 
spleen.' and fe•l liver,, but many of" these s•,stems are also subject to the effect of' 
nonspecL•c factors chat are present in plasma, serum, or crude Ep preparations. 

Several/nvescfgators T.'' have been concerned with/mmunolos•ca/techniques for the 
measurement of Ep, but it is ordy recendy, with the isolation of human £p in pure form,'* 
that vaUd Ep immunoassays using the classical 13erson and Yalow" RIA technique have 
been demonstrat•,d.", ts The pur•0ose of th/s communtcat/on is to •urther val/date the 
R[A and to extend its use to a large series of normal humans and some poiycythemlc 

M•thods 
Ezp•Hmsntal msbJ•.s. Normal human plasma and serum szmples were collected 

hezltl• v•un• members of the LBL and BNL staffs. All pat/ent •mples • obtafned as 
,•mples From OUClaa•tents created at the Donner Clinic at LBL. The protoco/s used In these 
were reviewed and approved by the LBL Human Use CommitYe• and the Untv•re/ry of' Calffomm 
Hul'n•1 Use Committee. Informed consent was obtained •om all • subjects and 

Patients with polycytherr•a were in var/ous sta•es of treatment: phlebetmnT, with or without 
cymm•c a&ents. •or polycythen•a vera. and phlebotomy alone for secondary Ixdycythem• Only 
pol•cythem/z vera patients orlzinall• meeting the NIH .Po•em• Verz Study Gnmp cmer• were 
accepted •or this study: there were 17 such patients (I ! males. 6 •-males). and 19'2 determinations 
were done on cL•erent plums •znples taken at c•lflerent cfmes. There w•m five pments with • 

ease. pulmonary d/sease), one male with hemosiobinopathy with l'dsh oxyzen afllnttT, and one femal• 

• e five pat/ents with secondary polycythem/s. In all polycTthem/c pal/ohm, th• presene• 
pol•c•hemla was tn/t•al/7 documented by an increased red col/mass. Mo• of the samples •or 
meuurement were obtzined Erom either patients who had never been ph]ebotom/z• or pat/e•ts 
whom mo• bran a month • el•:• •Jnce r•he mo• r•an• •he•:•eu• [:•Uebe•xtly; on• etf•tt 
El= me--,uremen• m • em"•ef •han this, a¢ •rnes nmZinS Erom 4 to •I days alb• phlebotomT. 
TwencT-seven d/ffe•nt plums samples fn•m three severely anem/c pat/ants--one with Fanam/'s 
•nem/a. one with D/zmond-llL•ckt•n's anem/s, and one wlth paroxTsmal nocturnal hemozlobinurla-- 
were included as • M the Ep RIA verfflcacton stud,s. A/I samples we• sepm'ated within 30 nttn of 
being drawn, and the • or se•um w• Erozerl • kept at 20" C L,I po• 
(Vansard Int•'natlonal. Inc.. Neptune. N. J.) unt/l set up In a RIA. 

•p Iodlnatlou. The Ep u•ed for tod/natlon was olxamed In pure En'm. ss Some was kindlT 
supped by Dr. Eugene Goldwa•or," coded HT •-•O.TB Fr'2, and conmted of appm•ctrna•ely 
17aphl]•.d Ep in the b•mm of a IX•ylone ndcro•se tube. The rest was olxalned E•om a d•z/bu- 
t•on prod-am throush the Na•onal Heart, Lun& and Blood Inscttu•e.• coded M.7.72.• (alw orlsinally 
from Dr. Coklwesser), and conmted ofappmx•matel7 0.7 • ofl'j•ph/I/zed Epln • capt]lar7 tubin$ 

•o 2 mm In d/ameer and appro•n'•te]7 4cm lon&. The Ep was obt•ned by eXmlCt•on •/' us'h'• 
severely anen-dc humans and pur•ed to an S.A. of approxLmate•y 70,400 U•m s of'pmmm." The 
/ocl•nat•ons were carried out wlth e/thor a mod•cat/on of the lacwpamx/dase method" or • method by 
Fraker and Speck s. th• utl/•zed 1,3,4.6-tetrach]oto-3a,6a-d/phenyll•/colur// (IODO-G•N; 
Chemical Co., Rockford. IIL). Details o/" the appl/caUon o• these two ledlr•Uon methods to Ep have 
been present•l e.zrik, r.'* Ep/od/n•ed with •thor of these methods was •qua/IT L, nmuno• 

• p sntlbodT, Detzl•l oi Ep anc[bod• product/on have been presented e.•lewher•.' The ant/-Ep 
used here was ob•ned •mm a rabb/• that rec•ved a boestor Immuntz,•l•n M a • punEed 

"Dr. gu•ene Gok•m•, 
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Ff•. I. Typ•ca/curves for zhe Ep RIA. The pm¢ocol for curve A w=s used for mo•z assays and •he protocol for•rt¢ B was reserved for samples with very low Ep concentzatton=. 

human Ep preparat/on" with an S.A. of 8000 U/rag.'" The rabb= had been previously immumzed with 
a crude exwact M human urinary Ep prepared by p•ure fdlzal•n thmush a coUodion membrane:' Th/s zn•serum has the ainu/to neuu"•fize more thzn 300 U of human Ep per mtUl/tter.' Akhou•h 
neu .u•acion studies agam• •her species' Ep's have r• been ca-ned out with r, hm znl•erum, it does 
erda-react with = vane• • ardn•l Ep's m the RIA system. In add/t/on to human Ep, cross-reacUons with mouse, rat. rabi• sheep, dog, balx•n, and monkey Ep's have been observed:' This anUserum 
w=s used, purpose•tl), uriah, orbed, m the RIA = a • tncubaUon cElutmn d !: 50.000. gp RL4. S•rnples of 10O •1 • unc•luted or d•lu:ed pL•m• or serum were p•pened into c•sl•ble polystyrene tubes (12 by 7"5 ram). S•tlzrfy, IO0 •1 of hzlvmz d•/m•o• of" Ep srandznJ (second 
•'om 500 mU/ml down to m•;ad, were p•petted imo such cubes. Pho•ph•e buffer. 0.O5/vl. •H 7.5, 
w•th 5• HSA (Cu•ter L•bor•torJes. Inc.. Berkeley, Czl•.) • w• used • the cU/uem for d•e Ep 
st•,•Li•l znd for •y clflu•fon o/plasm• or serum requLmd. The h•sh HS• content w•s •n •tempt to 
mmnml.n s/m/l•r prote/n concentzac/ons in aU tubes, • s•ndards and unknowns. Two hundred 
rmcrcd/ters of d•Juted labeled Ep and 200/d of diluted an•Ep antiserum were added s/multaneourdy 
with an automauc p/pette (Mtcmmed•e Systems, Horsham, P•.), The labe/ed Ep was d•/uted s• tha• 
the 200/•I contained approxc, na•.ly I0,000 ¢pm, and d•e ant/-Ep w=, a dilm•on of !: 20,000 (final 
L,•cubaUon dilu•on • I: 50,000). The di/uem for bod• of these reactants ctmmted of O.05M PO,. pH 
7.5, w/th 0.5• BSA added. The tubes were then vonexed and kep¢ a• 4" C foe an h'Icubat•on period of 
4 days. 

Separa•n • •qe •,a='nma s]obuUn-bound Ep wa= accompl•hed w/th a soar •'m.rabbi¢ gamma l[]obub• anl:L•erum as described prevm•Jy." The tubes wes• ¢enr.rtf•$ed in a re.•tgerazed cenmfuge (J-6E: Beckman ln.su'umencs, Inc., Pa/o/dto, CaKf,) for 30 mm a• •000 rpm (900 x $). The =ubes 
were dec=meal and then counted by usmi a well-type samma counter (MS-SS•; Mkn'omed•c). The 
cl=a were coBected or= paper tape and an e.lecu•ntc mcan•n• cas•ecm u•tn= an elecwomc d=ta 
term/naJ (Silent 700 ASR; Texas Instruments, Inc., Houston, Texas). Results m analyzed wnh the 
• tgmoid computer prod-am of Rodbard and Hurt = and the L,•L CDC 7600 compute•, w•ch derives 
Che standard curve relat/n s percent bound to los mUnd/Ep a•nd detern•tnes value= for unknowns m 
terms of nuJ•uru• per m.il•ter. 

"Dr. •oalu• F.• Citedr| de l•oqulntica, Facu/tsd d• • U.N.N.F,., Cw•nt•, A;pnu•. 
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•umb• S 

I00,000 

This pro•c• is used for mo• Ep RIAs znd the resulting curve is ix•ented ('c'•w A) • FI• 1. 
S•d• cu• m • •ut • •y, • •at such a •mp• • • • up •g • 
ap•m•mly e• • RIA m•. •nS • •h cu•e, •n• m• • • up, In •, • 
t• •unt • E•'•l • • •• • •A • •u•. • • •• • •e • • 
ml • l• • • •nt • • •at • p•ipl• • •A • • • • • 

r•c•W• • • m• •m • • • but • • c•n my u• Ep. It 
• on the •s • • m• • • t• •unt • an• •t• E•ml • • •e 

9.3• •d • •y CV • 9.7•. a •e a•h•c •m h• a • • 1(• mUl• • • 

97.08 mU/•. • • m•y CV • 6.• z• • inte• • • 8.8•. 
Cu•e A tn Fig. s•s • •thtn • •n•-Ep •n•g • of • m I• a • • Ep 

menc o• •ls cu•e. • s•uld • •n• out that •e •ge of • Ep RIA In te•s o•;•u• um• Is 
0.4 m • mU,.. 
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p• • • w•k we• •e m • •d • • •• wm Howe., •e •Ep •ncen•n wu •uc• •d •e •u• • • Such 

(16 • 119 •). For •e Ep s• c• • • hd•l •u•J • Ep (•d 
•ncen•aUon of 1• mU/• down m 0.2 mU/• we• m• •d • w• •[• •me•h 
•u•o• of s•d• Ep •d p• or •m we• • • •e •ph• • 
•d•. Two •n • • Ep (a••y 10,• cpm) • 2 • • •-Ep 
1: •,• m• up •e •er • • •cu•on •um. •e mourn • w• ex•nd• IO •ys • 4" C. •r w•ch the •-Ep wu p• w,• i• •b-• g•a g•bu• •m 

C• S m Fil. wu ob• • • •. Now, • •e •-Ep •i 
m 1•. a •Se of Ep •ncen•ns of •pm•y 0.4 m • mUl• • • me•u•. bm•z • 4.5 mU/• Such a cuwe • • •ve by • r•mr of •pm•a•y 7; •er. •e 
•u• Ep •Se • •e •y • • m • of •e •us •y. •e •y b• 

•n sy•m. •us iu u• h• •n • f• v• •w Ep co•en• • f• •u•n 
s• 

Ep b•y. Ep wu b•ny• m fe• •F• • (J•n ••, • H•r, Me.) 

•/day. 5 •s • w•k •h hema• • o• 7• • a•t 3 w•. • 

we• mj• ,u•u•ud•, •d • • • 0.5 • • "Fe (New Enid Nu•, C•dge. 

5• at au• we• • •e "Fe m• •u• of b• w• •un• m a w• 

v•u• wu c•u• • •e • of a b• •u• • • • wm•u • w• comp• m 
c• 8em• wi• • •p (•o• 1•) •ve•j a •se • 0.1 m 0.8 U. 
h• a v•u• • I • •d • • •u• • •m or • Ep m•e up • • HS• 
VMu• f• •m Ep were •ce• •r at • t• •u•o• •g • the •je M Ep • m 

Com• of Ep •A v•ues • Ep •s•u ob• • •e •lycy•e• mou• b•y we• m•e •h p• •m •e • •e•c •n• sm•. •e• 
p•n• • Fig. 2 • m•a• a hi• de• • •n •n •e• two me•s. 
• a co•on •ent • 0.8• •e p• Ep concen•on • •m 5• •o 
16,7• mUi• • • RIA •d •m 9• • •.• mU/• • •e • • b•y. 

sys•, w• m•e wt• • HS• •, •e •e Ep (•ond IKP) w• u• • •e 
referee m• for • 

•en •e m• •ve Ep RIA p• (cu• •, Fis. 1) w• u•, • hum• 
•m we• •y •u•. • •e •A • we• e• • p•m • the 
cu• ob• • • •cond IRP of hu• Ep. •e• •m • p•n•d 

t•s way, • w• a •ple of •lycy•e• veto •mm. •e •s• ob• by 
•u•on o• •ese •n • r•nably p• to • ob•n• • •e •ond IRP Ep. 

Pl•ma •d •m Ep me•uremen• we• done on a m• • 445 he•y 
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1500 

I000 

Polyeythemia 750 •(L• 
vera serum 

• O0 human serum 
Normal 

•[mn deflei¢ 
2•0 se•um 

128 64 32 16 8 4 2 
Serum dilution (reciprocal) 

Fig. 3. Ser/• dllu•on • v•rlous human sera demonsrra•n& a parcel rda•/on•hlp w/th the 
reference preparation c4" human Ep. 

sub•ec• wtr• an age nnge of 18 m 64 ye•,•, 293 m•es •d 159 •m•. •me 

s• (•) • • •• • •e LBL subj• we• s•p• •ce, •n 7:• 
•d 9: • •.M. •d I:• ¢o 3: • e.M. •e BNL subj• we• • •pl• •n 9:• •d 
II:• •.M. • •pl• m •D• • •m excep• • • •on• •ple • EDTA 
p•ma at •e •n• •p•g of the LBL subj•; a¢ t• •, hemo• •en•- 
•ns •d hema•dt •m•o• •m •. •e •m £p c•n•ons 
•n• m Table L •em w• • st•fic•t •e•nce tn •e m• •d fete v•u• 
• •e LBL • BNL •u•. In • •em w• tameable a•nt •n •e LBL 
and BNL •u• • •lm of • •Ung •d no•Ung s•tes. 
•w•n morning • •m•n •n• H•e•r, when the •ul• 
s•p•g we• •1• •e me• m•e Ep concen•n • 17.• 
•nt •m •e m• •m•e concen•Uon of 18.8 mUl• • a p v•ue • <•. 
Resulm on •e pl•ma s•pl• •en • EDTA, ac •e •e U• • •e m•& LBL 
•m s•ples, sh• a M•c•t •uc•on •m theft •ve 
me• for the EDTA m•e • pi•ma w• 15.2 mU/• • • S.D. • 5.5, • the 
ferule • me• w• IS.8 mU/• • an S.D. of 4.6. •e• no• p•ma v•u• 
p•nt• in Table II and •flc•d• •er •m their •s•ve se•m v•u• 
•n• In Table I, •th a p v•ue of <•5. 

• • Table I] • pm•nc• •sul• for Ep concen•ons on p•ma •p• 
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530 C, arcm e• •g. 

Tab/e L Serum Ep con•ntrations in normal human bem• 

Male 
LBL" (81) 7:30-9:30 ^.M. 15.5 ± 1.0 44.5 : 2.8 LBL (81) 1:30-3:30 
BNL" (212) 9:00-11:00a.M. 15.4 = 1.0 44.4 = 2.8 Enrare male sampling (364) 

Female 
LBL (55) 7:30-9:30 ^.M. 13.3 = 1.0 38.7 ± 2.5 LBL (55) 1:30-3:30 
BNL (97) 9:00-11:00 ^.M. 13.5 0.8 39.5 :t 2.5 
EnUre female sampling (lgg) 

17.6 = 5.5 
17.5 S.O 
17.0 = 5.7 
17.2 : 

19.0 = 5.8 
18.7 = 4.7 
18.7 7.0 
18.8 = 6.2 

Table I!. Plasma Ep concentrations in normal and polycythemic human beings" 

(•1•) 

No• (81)' 15.5 = 1.0 I5.2 Polycy• veto (113) 15.4 = l.l 9.2 = •0 •M• •c•the• •29) 15.9 = 0.9 1•.7 FemUr 
N• (•) •3.3 = 1.0 15.• = 4.6 Pol• ve• •79) 15.6 = 1.3 8.7 = 5.6 S•o• •y• (10) 15.3 = 0.7 75.7 = •.• 
Value= m mere : S,D.; number or" e•thml•eQn me•urement= in ,em•mthe• "•1 I•t=ma •=mlde= were ¢o•lected with EDTA a• the =•act•;uJanL tWld•n • •e•. •i Ep mea• •e =lita•J•ndy dLq'er•at E'mn • other, with p < 0.001. • 

tQned hum p•r•ents with polycythemta in various stages of treatment •mm the Donner Cfinic. All plasma results reported here were on pl•ma samples collected with EDTA as the anticoagulant. The mean hemo•obln concentraUon for the treated pnma,'T and sec- ondazy polycytherrdc males was 15.4 and 15.9 sm/dl, respecuvely, as ¢ompazed to 15,5 for 
the normal male=. The mean Ep ¢oneentraUons were 9.3 mU/ml for 113 polycytherma 
vera plasma sarnple• and 153,7 mO/ml for •9 secondary polycytherma pb.tma samples. 
The mean Ep concentrataons for the primary and secondaz7 polycythemic plasma samples 
were stgntflcandy dLfferent from each other, as well as f•om the mean normal plasma value, w/th p value= of <0.001. Although the/ndiv•dual secondary polycythem/a va/ues 
were definitely increased over the normal and polycTthemta veto value=, individual 
polycythetma vera value= were not •stingu•hable from normal value=. Th• is further 
depicted In Fi E. 4, where no overlap •s seen between the Ep values on plasma •unples from 
male patients with secondazT polycythernta and tho•e with polycytheml= veta. Results on plasma from the Diarnond-Blaeid'an anen'da and a polycytherma with myelo£brosts are aJso. 
presented m Fig. 4 to empha=ze the invene hemoglobln-Ep concentration relationship. 
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Radioimma•oassa•/ •[ er•rcrgo•et• 631 

The mean hemoglobin concentration for the treated polyc3•hemta vet= and •,condary 
polycythemAa females was 15.6 and 15.3 gm/cll, respectively, as compared to 13.3 for the 
normal females. The mean Ep concentrations were 8.7 mUInd for 70 female polycythemia 
vera plasma samples and 75.7 mUIml for lO secondaz7 polycythentia plasma samples. 
These values were slgnlficandy different from each other and from the normal female 
plasma mean, with p values of <0.001. ALso. as seen in Fig. 5, them was no overlap 
between the secondary polycythemta Ep values and the values obtained from plasma of 
patients with polycythemta vera. 
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632 Cmarc• eg aL 

IOO•OO 

0 

0 

Discussion 

The PdA for g-p presented Is ser•tl:ive to an absolut• amount of gp equiva]ent to 0. 4 

mU, which allows for the measurement of not ordy normal ctrculac/ng Ep levels but also 

Ep levels that are considerably depressed below normal. The RIA shows a high degree of 
¢orretatton with the polycythemic mouse bioassay, and halvL, lg dilutions of human aneph- 
tic, pol•,cythernJc, and norrna/sera show a reasonably para]Je/reiagionship to the Ep refer- 

ence standxrd, thus supporting the hypothesis that the srrmll amount of/mmunorea•Uve 
material present in •hese sera/s, in fact, 
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Radioimmunoassa]• of erljthropoieti• 633. 

In add/tion, detection of appropriate increases or decrmmes In c/rcula•inS Ep concen- 

tra•ons in response to phys/olo•ical and clJrdcal conditions known to be assoc/•ted with 
sc•nulaclon or suppression of Ep secretion further validates the Ep RIA. In human sub- 

Jects, blood loss, blood transfusion?' anerrda, and secondary polycythenda have shown 

appropriate changes in Ep. With the ant/-Ep antiserum used here, a va•ety of animal Ep's 
are a•so reactive in compet/ng with the labeled human Ep for the anti.Ep. Appropriate 
changes in serum Ep measured with the KIA have been shown to occur tn •e hypoxic rat 

and babcon. I' Acute b|eeding of sheep resulted in a prompt rise in radloimmunoaasayab|e 
Ep 24 hr later." Also, hypertransfuslon of normal mlce results in a depression of plasma Ep 
measurable by the RIA." Thus results obta/ned w/th the Ep RIA are consistent with the 
known ph•$1olo•Ical and clinical information concerning Ep. Perhaps the only d/screpancy 
is that regarding the inability to distinguish between intact and asfaloerythropo|etin. '" '• 

Thls, however, has also been a problem with certa/n in v/tin bloassay methods for Ep.' 
In the present Ep RIA, means for normal male serum of 17.2 mU/ml and normal 

female serum of 18.8 were ob•ned. These values are approx/mat•ly four times the values 

seen in a prev/ous Ep RIA attempt," which ul:I/Ized a part/ally purgled Ep preparation as 

the crater. A/so, Ir now appears •hat when a l•e •roup of values are analyzed, the female 

mean is sigmficant]y increased over that seen for the male, which is the reverse of what 

was found with the previous RIA. Although EDTA plasma values were si•n/ficantly de- 
creased from their respective serum values, no s/gniflcant sex dgTerence was seen. Pre- 
•tminary results on ptasma collected with heparin as an anclcoas'ulant do not d•er from Ep 
R[A resuhs obta/ned on serum collected at the same time. Using a s/m/lar Ep RIA, KoeITler 
and Goldwassed • have recently obtained normal hurrmn serum values • to those 
presented here, although the data are not separ-'_ted into male and female &mups. Extracts 

of normal plasma assayed tn the polycythemlc mouse bloassay show a mean of 7.8 mU/ 

m•. Using an in v/ire bone marrow bloaasay, Krystal et al." recendy obtained the very hlg•h 
average human serum Ep concenla-ation of 800 mU/mL In a review o[normal human 

serum Ep concentral/on, a value of approximately 40 mU/rnl w• considered normS" 
Perhaps the absotute value obtained with a particular assay system is not as si•tl|cant as 

the ab•ty to demonstrate appropriate relative changes in Ep concentration correlated with 
phys/ological and cllnlc• cond/tlons known to be assoc/•s..-,d with stimula•/on or depress/on 
of Ep secretion. More extensive use of a variety of Ep ashy systems wi]] ultimately deter- 

mine the most appropriate absolute value for normal Individuals. 
The Ep concentraclons seen in the plasmas from secondary polycyt.hemla patients 

were considerably increased over the levels seen In the plasmas of normal subjects and 
polycythernia vera pal•ents as measured by RIA.-This confirms the recent observations of 
Koeffler and Goldw•sser" on a large series of such patients, using a similar Ep RIA. Such 
relationships have also been observed from a plasma Ep exwaction techn/que • and a 

urinary Ep extraction techrdque, • with Ep measured by the polycythemlc mouse bloase•y. 
The mean Ep concentrations from both male and female polycythenda •era patients were 
$i•tficandy decreased as compared to the plasma levels In the normal subjects. In the 

present study, male patients with treated po|ysythem/a vera had hemoglobin concenn'a- 

clons comps'able to those of normal males; however, the treated female polycy•emla vera 

patients had a mean hemog, lob/n concentration of 15.6 &m/dl as compared to a normal 

female hemoglobln concentration of 13,• Lower concentrations of plasma Ep in female 

patients with higher hemoglobins sugsest thac the inverse hemol0obln-Ep concentration 
relationship also exists for these patients. Unfortunately, plasma samples f•om uncreated 
pol•¢•them• vera patients were not ava/lable in this study. Such samples, with h/gher 
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hemoglobin concenn'at/ons, could be expecr•l to have even lower Ep concentra•ons. Ep 
excrel•on studies In patients with polycythem/a vera indicate that although Ep ou•ut is absent or rnarked/y decreased at high hemoglobin concenrxaflons, r.he Ep excretion in- creased when the hemoglobin concentration was reduced to normal levels. =' The high 
concencraUons in the polycytherma vera patient with myelofibrosis, shown in Fig. 4 a•e aiso 
supportive of an inverse hemoglobin-E:p relar/onshlp m such pat/ents. 

Use of pure Ep labeled wRh radioiodine has removed all discrepancies seen in a prev/ous E:p R[A attempt." The problem was not with the ami.Ep antiserum, as has been suggestecl, • since the antiserum used here is the same antiserum as chat used in the 
previous RIA. The fact that this antiserum/s a crude mixture of antibodies against other 
proteins as well as antibody specific for Ep = does not inval/date the RIA. Them aze several publications in which antibodies to two different hormones have been purposefully rmxed 
in RIAs simultaneously measuring both hormones in the same sample of serum. •. • One 
hormone was labeled with 'a•l and one with ml, anti care was taken in counting each 
isotope separately, Results obtained by the simultaneous RIA were equ/valent to chose 
obm.lned by RIA of each hormone separately. 

As suggested by Erslev, •' a fast, a•curam Ep ashy should be of considerable pracc•ca/ 
importance in the hematology clinic. It is believed that the Ep RIA in its present form fits 
this need. Large numbers of samples can be handled rapidly. Only a snmll volume of plasma or serum, with no extraction, is required and the assay is extremely sensi•ve and reproducible. 

We thank Dr. John H. Lawrence for his long-standing encourasemem throughout this work, Dr. 
Gisela K. Clemons for her help m the computerlzat/on of the ery•ropa/ecin radlo/mmunoassay, and 
Dr. Gtuseppe Moccia for help in collecting some of the ncrmal serum samples. Thanks are also due to Mr. David We/, Ms. Greta Duke, Ms. Pamcia Garbutt, Ms. Cathr,/ne AUan, and Ms. Carol Bohlen for 
valuable mchmcal •mmnce and to Ms. Kar•n Kalman for help/n prepar•o• of the manuscnp¢. 
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