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Serum Concer!batiorls of Erythropoietin 
Measured by Radiolmmunoassay in 
Hematologic Disorders and Chronic Renal 
Failure 
Charles G. Zaroulis, Beth J. Hoffrnan, and lone A• Kourides 

Memorial Stoan-Kemring Ca•ce• Center rand Comell Untverdw Medical College, New 
York 

Bioa•ys for human e•th•opoiefin, e•e cumbemome, time-con•.umin• and 
insensi•ve. The purification of human erythrop•etin. (HI') has provided small 
quantities of highly bioactive P.P (•'•/0,000 U/m•) reqtt•ed for the deve1op- 
ment of an EP radioimmunoa•ay (RIA). The RIA for EP descn'bed in th• in- 
",•s•igation,-can d•tect 5 mU/ml.of EP in the a•eay tube; the se•um concentra- 
tio of i•.p in normal individua]• ran•ed from <18 to 8t mU/ml with a mean 
value of 29 ml//mL In contrast, nine patients with severe ap|sstic anemia h•d 
markedly elevaled serum EP concentxation• with a mean value of 3,487 mU/ml, 
r&a• 984-6,434 mU/ml. In this RIA, patients with Polycythemia vera had 
conslst©nfly und•t•-ctable F.p concentrations, •1 • mU/mL •iaven patients with 
chronic renal failure had a hi•her mean ser• • concentration (40.5 mU/ml) 
than normal/ndlvlduals, bu{ the ran• (•18-| • mU/ml) overlapped that of 
normals. By immunologic and •el chromatographic c•itufia, EP measured in 
s•rum wa• aimi•r to standard urinary EP. The EP immuno•say that wehave 
developed has sufficient sensitivity and specificity not only •o quant•tate the 
elewated serum EP levels found in aplastic anemia but ako •o disor/minate de• 
creased from •ormal se•um conc•ntrati•s of BP in most circumstances. This 
shnple, reliable RI& has provided the necee•aryfram•work upon which •o 
cresse our understandin• of the importance of EP in hematopoiosis. 

INTRODUCTION 

Because of the inability to obtain ler• quantitle• of purified, btoactive erythropoletin 
(EP) from extracts of kidney• [1-4], where EP appea• to be •jnthedzed [5-8], difficulty 
has been encountered in the development of •nsitive anay• to measure thh 8]ycopmteia 
hormone, which is likely to be the m•jor stimulator of e•ythropoieds [8-I0]. Until re- cent]y, only whole animal Or call-culture bioa•ay• and a hemaggleti•ation inl•ition a•say have been available fo• • measurement of EP [11 --18]. Such as•ay• are time-comuming, 
cumbersome, and insendtive. The purification of hunch EP from the urine of patients with 
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aplast• ane• by •, •n• •d Go•r [19] hm p•d •H qu•Uti• of 
•y bi•cflvv • (•70,• U/m• nee•d fo• • •V•opmvnt of • ra•un• 

f•d io•Mted • • tm•r and anfi•m fr•. rabbits •ed • le• pure EP (62 U/ 
m•..• •e •ul•nt m•oi•un•y, pa•n•.• Poly•e•a vera •d de•r•ed 
•mm •ncen•m• of EP compa•d to n•l sub•cm; •enU • ap•flc • 
•d •t•Uy elevat• •rum • l•els. • • ra•o•ms•y appean to • suf- 
fi• s•si•ty •d s•fi•W to be •, •c•y, • •pto• 8 our un• S 
of • role of • • •orden Of ewt•o•i•. 

•TERIA• AND ME•O• 

Iodim• of EP 

G• •od •d by F• •d S• [28]. •e i•ated • • •ted •om 
•reacted tuI• •1 c•at•phy • a 1.5 X 2•m colu• 0f Sep•d• •25. • 
• ha• of iod•ted • w• •en •chromat•ap•d on a 1.5 X 6&• c• of 
•p•x •1.• • order to •mte •k a•e•t• produc• of io•ation from 
mono• io•ated • (Fig. 1). •ewr, • a•e•tion w• not si•fic•t, s• 
quen• •y •p• •25 c•o•t•y • u•d •st of • t•. 
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T•hnl•; F•yfl•r•mieflm V•h• b• R•iioimmum•m• 
Antrum EP 

•s to sl• puttied pre•ration ofh• u•n• • (62 U/rag by bi•y), 

•neo• •ecUo• of •e.• (•5 • •i•l •u• d• fo•ed by 3 b•er 
•jections a• •k •te•s) •d • 0.05 M •ium •ate, • 7A, •d compete 
Fgeund', a•uv•t (50• vot/vol) [29]. •e •tkem d•elo•d we• •i•y e•ated• 
• e hydrated, •yc•e•c mo• bl•y f•r •ek ab•ty to neurone 
uri• • [30]. •e anfi•mm • •lected f• • In • m•o•mun•y, • 
neutered > 6 U of •. •s•bbit had a hemat•t of 38%, whe• a conuol rabbit had 
a •mat•it of 42• • •t•m •ed at a F•I c•c•tratl• of 1:1,• • • 
•unm•ay •elded a bin• 8 of 2• of •e i•ted EP. 

• •ot of hu• •a• • (62 U/• • •d as •e s•rd for the i•o- 
•y. Stan• (I • •) •d •o• •m(5-3• •) •re •yed • dupli•te 

nbbit S•m (0• vo•vol, P•-Fr•z) dflut• • 0.05 M s•i• •m•a•, pH 7.4. Sampl• 
•te pre•ted for 2 • at 4°C prior to •e ad•on of k•led • and •n •bated 

for 2 •e &ys at 4°C.•et •e addition of •r. Gmt •.mbbtt • •ob• (an 
amount •e•ously •O• to ful• p•pitate •e • •uH• • 5 • of •bbit 
mune s•um •us • of anti-• se•m) was then •d• •o predpitate the bound 
ac•ty; aft• an ad•tivn• •hr •cubation at 4•C, •e •pl• we• •ntfi•d,• 
•unt d•t•, and • d•d •'•pitates counted in an automatic •H• 

predpl•ted; t•s bl•k •s s•t•a•ed from • m•remenU. •e •uno•y •ta 
ex•d • •rcent of•t• b•g • •e a•n• of u•a•led • (• B/Be). •e •d- V•W of •e •m•o•m•y • e•luated by dete•g the cr•acfi•ty of 

•yco•ote• ho•one, hu• •m • •tex), •d hum• • •obu• 
rex). •ce hu•n •m• •o• demons•wd a s• cro•c•W in •e EP 
a•y, •&r• were •bsequen•y intuited •th • a• amount of •m• •obu• 
fo•d • • voiu• of •no• •m me•ed. In • fa•, the eff•t of noon,tic 
• sp•cement of antibody from •a•r by • •ob•was ne•ted. 
E•rimmml 

•onic ren• faaure on a •o•ly•s p•. • ad•tion, • anent c•cer •en• 
•d o• •en •th ew•o• apl• •eq•g tr•u•on of red bl• •Hs had • • •u• metered im•tely before •d •n four • after •ra•f•on. AH •mpl• 
•te •ured • •pli•te at thr• or m•e •fferent v•umes of•. 

Immu•o•l IdenliW of •mm •P • Ur•W • EP 
V•ous amounts vf•mm (5-75 •) from •e •tkn• wt• aphsfic •e• were 

•d to •nerate l•es in •e i•un•y • order to •uate pamHe• • • 
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•l Ch•phy • •m F• • •, W• Api•c A•m•a 
A 1-• •0• o• ser• •om a •ent • apl•c ene• • fra•ionat•d on a 

1.3 • 82• •lu• of •p•dex G-l•. •e colu• w• e•rated at 4°C and e•ted 
• a •lu•on of 0,0l M •m phm•te. 0.1 • M •di• •odde, •d 0.•3. M so.urn 
a•, pH 7.4, •th a hy•m• p•re of 20 • and a flow rite o• • •. •e •m 

• e •lu• •o), •2s[, to •e •e •er •d vol•e of •e •t• •i), end 
EP. •e-•ter •c•o• we• •fiected, •ted, •d •d • the • •o•m• 
•y. A•orben• at • • • •o m•d • ea• f•. 

RE•ULT• 

The mdioimmuncasaay was able to detect 5 mU/ml of EP in the assay tube using an 
anti-EP serum at a final concentmtinn of 1:1,000 (F• 2). Since there was 
reactiVity of hUnCh gamma globnlim in the innnunoa•ay, separate.standerd curves were 
•ed containing 1.75, 3.5, end 7.0 mg/ml gamma globulins for the determination of EP in 
100, 200, and 300•1 of unknown serum, respectively. Thu•, we did not overestimate 
serum EP concemrations by h•cluding non-specific displacement of ent•od• f•om tracer 
by gamma 81obnltns. 

Theserum concentratiOn of EP in 19 normal individuals ranged from <18 to 81 mU/ 
ml with a mean value of 29 mU/rnl (Table I). In contrast, nine patients with severe aplastic 
anemia had markedly elected serum coneentratiom of EP with a mean veine of 3,487 mU/ 
ml (renga 984-6,434 mU/ml). In ou• immunoamy, three paUents with Polycythemla vera 
had dec•.,•sed levela of EP (<18 mU/ml). Only 20• of our normal subjects had undetactable 
.•ennn EP concentrations.On the other hand, although patients with chronic renal failure 
bad a higher mean serum EP conce/•tration (40.5 mU/ml) than normal subjects, the ranse (<18-115 mU/ml) overlapped that of the normal subjects. Moreover, the serum creatiaine 
concentrations in these patients rinsed from 5-17 mg/dl immediately prio• t? hemo- 
dialy•, which was the time at which serum 1• levels •vex• measured. The degree of anemia 
in the patients with chzonic renal failure was also highly variable. 

The acute effect of transfusion on serum EP e•mcentration was evaluated in three 
anemic cancer patients and one patient with e•ythroid aplasia. Although the hematocrlt in- 
creased in only two of the cancer patients after tramfuston, the EP level decreased some- 
what in all three cencer patients; furthermore, the EP value dccremed dramatically in the 
patient with erythroid aplasla (Table H). 

Moreover, verinm mnoants of serum from the patients with aplastie anemia (5-75 
/A) used to •cuerate lines in the immunoamay showed parallelism with that o•'stsnderd ut4- 
nsry EP, sugse•ing immunological similarity between serum and urinary EP (F• 3). In 
addition, 8el chromatograpl•y on Sepbadex G-100 of serum from a patient with aplartie 
enemia yielded similar elutioa volumes for immonoactive serum EP and iodinated urLuary 
• (Vt• 4). 

Th• avalkbility of small quantities of highly purified human urinary EP (70,000 U/ 
m 8 by btoassay) for iodinatico [19] has allowed for • development of EP radioimmuno- 
assays by several groups ofinvesti•aton [20-27]. The EP hnmunoasmy that we have • 
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Fig. 2. lhtdi•mmunoamy standard cu• t'or EP usi•s antt-EP at • • concm•tx'afion Of •:1,0•0. 
Av•,,• m•ay •n•tu•dty • $ mUtml EP. Human thy•oid•mula•ing hormo• and •]bumJn showed 
no c•om•ctiv/ty. The small c•os•-mac•JvJw 0fhumm• •amum •lobu]In• k depicted, 7 X I0 -° • (wt/w•). 

Patients V/ith Cluordc Renal Pailme. 

v.P 

Subjects No. A•e Sex M•an • SD Ranse 
Normal 19 2•-$2 M, 8 F 29 z 17 <18-81 
Aplastic anemia 9 1-36 6 M. 3 F 3.487 2.243 984,6.434 
P. vera 3 26-63 3 M <18 <18 
Chzonic renal failure 11 2:$-80 4 M, 7 F 40.$ 30 <i8-115 

tler,•to•tt (•) !• 

Sabj•'t A• • p• lost Pie Post 

63 M 32 36 45 <18 

3 76 M 22 30 43 39 
4 28 F 29 35 1•00 150 

aPstient wi'•h e•ythroid aplasJa. 

sc•ib•cl in this report has sufficient sensitivity and sp•flcity not only to qumxti•ate the 
vaned serum EP levels •ound in aplastic anen•a but also to discrbrdnate decreased •rom 
no•mal concentrations of EP fn most circumsUnces. We have found that 80• M our notwnal 
subjects .had cletcctablc serum EP concentrations (mea• 29 mU/ml), whe•as the three 
patients studied w/th Polycythemia veto had undetectable levels (<18 mUiml) [31 ]. All patients with PolycytheraM vera, studied in the preaent invcstl•tion, were untreated at the time when their serum concentrations of EP were determined by radioimmuno•say. 
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90 Tecl•lque: Z•reuib, lioffmen, rind Kouddes 

•5 
EP mU/ml (--,4 SF_NI,IM pl 

Fi•. 3. Dilutions orserum from four reprcs•mtaUvep•Uelztt with apl•tiO Imeml• (•, 6, o, and o)jen- 
crated line• ptrsIlel to that of standtrd urtnacy EP Co). The slopes o£ the Une• ge•ersted by the EP 
munoa¢UviW in these four patients (-0.04 to -0.10) were statistlcuLly the santo se tlmt of slartdard (-0.04). 

FiFe 4. • e, hconmto•mphy on t Seplud•. G.I00 column ofl ml of serum from • p•e•t with 
aplas•c Imemi8. J•I]EP w• codizoumto•,aphed with the serum, and the • ¢ollec•d were 
ooun ted. EP v•s measured Lq 2.50 Id of each fraction by mdioJmmun•tnay. • ir•v of immunoacCive 
EP was •).24 and that of libeled EP (eE• was•e•y • C0.22). A280 shows protein peaks for 
•tobulJm and albumin ©lut•nS prior t• the EP puak. 

The patients with Polycythemit vera would have been expected to have undete•ttble values 
of serum EP because this disease appean to be an uncontrolled pro•liferation of a malignant cry•h•old clone. 

Furthermore, our EP ra•oimmunomay demonstrates that a reUable assay 
•n be..d•.. veloped with antisera of low titer and high affinity for EP, pxoduced us'rag impure EP as 

the" 
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•m•o•, prodded that pure •h u•d as Ua•r. •r nodal • •n•n•tions 
•R •ar to •e •po•ed by •e• •d G•r [26] •d Ga•, Shewed, 
•d G• [25]. •eve• t• •e an•b•ity of lair •nfi• of M•y pu• 
fled • •ould •t t• •du•ion of •ti• ofbo• •r •ter and affi•ty. 

• rapid c• in •m •munmcfi• • le•s • • o• 
t•f•on 0fred bl• •to •e•c patents suited •t.t• EP • • •red 
by ndio•un•y •s biology active. •e •& r• of •m .• 1• • •fien• 

deles of anna, • well as •ffedng •iduai • f•c•; both of• facto• 
a• for v• di•r• •m • ]•. S•s of EP mi•t eider 
an• or.•ore•d due •o •d •dney •. • ad•fion, t• 
rite of • wo•d • •ely • redu•d d• to • •. •e•, E•el, 
and •ld• [32] •rec•t• d•d •:•Z• by •1 •ato•y of c•- 
lsting •m•cti• EP in •nts • •1 •u•. • fo•s w•d •o • h•e]y to 
• tiered from • •rc• at •ffe•t •t• and pro•bly •w •ffe•g 

Nevert•le•, t• •rcula•ng • in •mts • ap•tic • 
mun•o•c •d •1 •to•a•.c •ie• to s•d ud• • •i@. 
•tici•te• the patients • •vere ap•fi• •e• •d •y elevsted 
Ua• of •, si• to • s•n•d EP;be•use of the• •rrow f•e, 

•e develo•ent of a •e, re•ble •oim•y • prodded • fr•k 
up• w• to.ex•d •r •derstan•g of • ph•iolo•c •nsnce of EP • he•to- 
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