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A Radioimmunoassay for Erythropoietin 
8y .k•m B. Sherwood •r• Eugene 

HE NEED for a reliable, precise, hishly scnskive and slx•6c assay [.or 
erylhropoictin (epo) has Ion S been evident. Whole.animal us•y methods, 

althoush speciSc, are c•stly, lack precision, and are relatively ins•nsitive• with the 
plethoric Itmuse method, ['or c•ampk, one can usoally detect a minimum of aboul 
0.03 U' and w.ith the ['asted rat m•thod, about U? This desree o/' sensitivity is 
sufficient for the detection o/" serum tilers consid•'ably above nornmJ, but does 
permit the simple determination of nornmi or subnormal levels or tl• bormon• 

Several •nsitiv¢ assay metheds in which ceil culture techniques are used have 
been described. '*s These methods are Benerelly applicable to purified epu s•mpie• 
but arc often atTeclcd by nonspeci•c inhibitors present in crude materials. 

There have be•n reports of immunologic assays [.or cpu*'* in which hormone 
prcp•retions were usnd that were no• demonstrably pure and thus did not have the 
rcquisi•: specificity. In this article, we r¢lDQrt on the d•velopmcnI o[' a radioimmu- 
no•ssay thai is specific and sensitive enoush to detect 0.002-0.003 U of human 
With this method, normal and depress• icveis of serum ¢po can be measured. 

MATERIA2.S AND METHOOS 

Pur•6cmion oJ" Ery•hrop••in 
The prcpar•itiun of pure ep• has been de•.cribed by Mtyake et al.'* Pract,•n (,-epok etutcd from 

hydroxylapatlte c•]umn with !mM phosphate buffc•r, had I•ency o( 70.400 U/m S prottm, based 
the aettvtty of the International P.cferen¢• Prepiiration." Analysis of this matgrtaI by po•yaer)lam,dc 
|el cl•lrophm'csi$ at OH 6 and q. and at pH in th• prestige of mClium duclccylsulfat¢. •,huv, ed a $insl¢ 
band. It also has •in$1e. ,•ymmetrigal band on Set filtration. Th*$ preparat*ori u•cd fo• 
and as •.tandird. 

Su• •n •rt by G•s HL21676 

Addee.• •mt r•ae.¢ts to 

O.• •.¢• .•t• .•t•t. Ckico•. Ill. 
197qh)'•ru• d Stratt•. 

A 166464 
CONFIDENTIAL 

AM-ITC 00213101 

Case 1:05-cv-12237-WGY     Document 534-29      Filed 06/20/2007     Page 2 of 10



Radioiodinatio. 
"We fc41owed th¢ n•thod •ri• by F•ker and S•k • prmmn •inatmn. F•fty m•cr•rams of 

C•mi•l Co.. R•kf•d. III.). di• 20 ,I of ¢h•mf•. •at• •(o Ih¢ wails of 0 

"•wml" (• C•l Co.. R•kf•. Ill.) • •a•ali• •t• •nl. To t• •vial. 

•Ci. Ame•m C•.. Arlin• H•[ht• Ill.) we• a• •uentialiy. • r• wal sl• to 

al•min at pH 7.O. La• Ep wn r• in t• • •um. • s•;• t•ivity 
•"l-la• Ep w• 1$•2• •Ci/• with • • t• init•i •d•ivity •n• i•at• into 

p•m. 

Immuni:ati•n 
Anti• to • w• • in 4 male New Z•Ia• wh• • t• sflti• • wu a 

•ubiR• •th in •1 v•u• • F•'s adjuvanL ut• • (•mff inJUre) • 

(•t• inj•). Mul• inusdmi in• • t• retinal t•afin$ a•uim•y 
¢• • adminm• touch •t. • f•bwin$ •uk wu u•: •b• w• • Z • 

•ima• in• a •t• in• was 81v• 6 wk aft• t• •in• a• a • •i• 2 wk after 

that: t• la• •t• Jn• w• s•n 8 • after I• • •inj, a• t• thi• blain8 wu 2 wk 

Pre•ion of Samples 
Huron • w• •si• f• I• •l•y and •nal •m ofl• Mic• R• aM 

H• •niv•ily • Ch• Ch•, IlL Ti• at•g• w• • fr• k• 

Pure lun I •11 •y•timulltinl farm •[[ • Or. AntOny Bu•, Ca• R•rch Unit, 

Wal• s• Eli• Hall I•btute • M•I R•h, Royal McI• H•Ial, V•tm•, 

Asial• was • by i•u•l• • • na•v= • in 0, M a•te, pH •, fm • rain 

with 08 ml [0.4 U • enzyme) • a$ar•-•u• n•ramini• (Sisma Chcmi•l Co.. St. L•s, Mo.). 

The d•ialat• •r• retal• f•ll •ic activit• in thu marr• C¢11 as•. but •as inactive 

vivo sza• rat a•y. which was in agr•ment with p•s•s finding. 
Pure human or•mu• (a-[. acid $1y•in) w• s $ifi f•m Dr. K•¢I •hmid. 

Umve•lty • o[ M•Jcz•. •. 

Bioa;•ay 
T• Ic• of •lly acti• • •nt in t• tissue extracts a• •rum •mpl• was m•sured 

the in vZt• • in v• •y. In t• in vit• •t•. •t • marrow cclls in •ltu• are incu•t• 

standard s•n• • e•. • with the •m•e. and t• a•m • hem•lobln synt•z• is •termincd 

by measure•nt • the i•lli• • •[e. T• i• vivo •ys v• wcrt th f•std rat •t• 

t• • • • (smm• a• ez• Io O• at•m fm wk, fol•w• by ) • at 

am•t •mure'). • a•nl • •Fe i•a• in h¢•, (in vit• • mar• a•I) or 

• t• a•i•y •Uin• in •-•nth • an am•l¢ • t• IM•at•l Rcf•¢• •rat•. 
vl]• •t• are t• • • • • t• sta• d•iat• • t• 

Radioimmu•say Tech•que 

rot 4 da• at 4• in • di•t •ino • 0.02• M pb•ate •. O.0t M K•, 0.01 M EDTA-, w•th 

• •m¢ •um albumin, at • 7.4. •ch •y tu• •tsi• • •1 • i•t• mixt u• 

A 166465 
CONFIDENTIAL 

AM-ITC 00213102 

Case 1:05-cv-12237-WGY     Document 534-29      Filed 06/20/2007     Page 3 of 10



RAOIOIMMUNOAS•AY FC• 

o( tOO jii diluted anL•c•Im, lOG •d of 'Ul-labeled •, a• I• • • e• s• I• • 

f• t• • •e t• •fid •t• d• I• dilutd in t• • •phate 

1197. •r•) •o del.mi• t• •n num• • •1 •/tu• All • • tu• • • •lnfu• 
•t • rm'l mm It I• •: [he •1• • wa• with t• • •ff• dill, • • 

•0. 

RES• 

Immuniza•i• 

All f•r •bbi• • anti•y to t• huron u• • •e•ration, as 

•t•min• by t• •city • t• •t •m • • t• •inat• human 
Anti• titcn in di•erent •bbi• a•t• t• • immuni•ti• a• the first 
•ter d• were low: the •r•nt •und at a final dilu• • I: • •ng• from a 

hish of 15.•, •i• with ant•m A-I, • a • • 4.0. •e Ut• r• 
dramati•ily after the thi• inj•i• • Ep (• •inl), with ant•m A-2 
at a fl•l dilut• • I:1• siring a •nt • • •6 (•l. I). A•.t• f•h 
inj•tion (thi• bl•in8), t• final dilutJ•, •vin 8 a •nt • • 30, 
from 1:51• f• anti,rum •92A to •:S• (• antihero A-3 (•8. 2). 
corrclati• •twccn t• fi•r of anti• in the •m a• t• hcma•t o• •hc 
donor •bbit was o• (Table i). 

Effect of the Meth• off.ling on lmmu•act•tF of 
The e• was routinel? i•inat• ac•din$ to the l•ogen meth•, •th 

of the ea• of •orkin$ with this m•th• a• •u• of th• r{lativ•ly 
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AND C•I. OWAS3EI• 

conditions. Because the oxidant is in solid fo•m. co, tin| the wall of the vial. the 
reaction is r,dily terminated by pi•ttins off of the aqueous phase teat contains 
the epo. 

The effect of iodination on the immunoreactivity of epo was studied by compari- 
son of displacement ¢urve• with epo laheled by the lodoBen method and by the 
Boiton-Hunter reagcnP" servin| as traeer•. In the latter toothed, the protein was 

reacted with iodinated 3.(4-hydroxyphenyl) propionic acid/V.hydroxysuccinimida 
ester (N•w En$land Nuclear, Boston. Mm.), which acylates ami•o •roul• of the 
protein with the •-'-•|.p-hydroxyphenylp•opionic residue. 

The standard curves were prepared simultaneously: the pure epo sm.ndard and 
anti,rum A-Z st a I: 1O.0QO dilution were used. The slopes of the two curves were 

equal, the 1in©at portion extending from to 200 mU of epo (Fig. 3). The 
competitive bindin 8 curves showed 50% displacem©nt of the Iodo•cn-lab•ied tracer 

with 14 mU of e1:• slandard and an equal displacement of the Boit•n-Huntcr- 
I•l•led tracer with 13.5 

Radioimmunoassay Sen.ti•ivio" and Reproducibility 
In the followin$ •tudies. antiserum obtained from the •econd bleeding or" rabbit 

was u*ed at a I:10.000 dilution •anti•rum A-2). The linear portion of the standard 
displacement curves for thi• antiserum was con,istently located between mU 
(approximately 12 pg of prot¢in) and 100--200 U of etm. Fifty percent of the tra•:¢r 

was displaced by tho addition of IO-I 5 mU of epo. The ,tandard curves have 

quite repreducibl¢, even though different tracer preparation• were u•d: for 

T•l•e 1. aisle9 of 
erym•in 

• From Third • 

•?• l:la.ooo 3• 

6692 I: 8.000 42 

G69.ZA •: 6.100 28 
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"Fi t ). Iff*•'l o! tmtmllq 

• •y • • • 

•m• the • displace•t •int has var• •er a 5-• •H•'•m 9.8 
mU. with a •ent • va•at•n • 18.2•. 
S•i•ry of A:•ny f• E•ytk•erin 

We t•t• t• s•i•ity of t• •y wi•h two ily•i• hu•n •m 
or•mu•id a• • •u• lunl •11 •ny-sdmuladn I t,•or (CSR. *• 

com•[• with the bi•in I • '•sl-e• Io ,nt•rum A-2 (R• 4). 
When increasin• amoun• of human •rum •m• w• •. the dis•ace- 

mcm cu• obtain• wc• •rallel io the cu•= p•u• • [• •R e• 
suBB•tinl that [• material in the •rum •mpi• •hav• immu•i•ily like 
human c• (Fi$. 5). By usin B anti•y A-2 and i•ina[• •tiv• •-e•. •¢ found 
that the displace•nt cu• for a-Ep. '° the d form of the hor•¢ *• and 
were parallel Fi B. 6). 

•eral human •rum •mples were t•[• in the radioimmunoa•y, and where 
•casible, a compari•n •tw•n RIA and the conventional plethoric mouse 

OS tO SO •0 •0 •OlOO4•Q 
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was made. The results (Table 2) showed that (A) tl• epo liter of normal s•r-m 

• m•sur• by RIA; (B) •m from •tien• J2, w• di• *• •lyc•- 
themia vera, had det•table e• in the nor•l •nSe: (C) amon8 the •mpl• • Far 
a•y•. •m from •tient M2, w• was ane•ric, had the lower flier measure: 
(D) in six cas• (M• HI. WI, W2, J4, a• R). there w• a r•nabl= 
•e• •lw•n dle• obtni• by RIA a• • b•y; a• (E) in two 

•dems wi•h chronic renal di• (J3 a• BI ), •he 
much high• than •[ by bi•y. 

In Table 3. we •nt •1• dn• showing :hat 
suitable • as•ys or c• ext•cts or or •rtially purifi• e• preparalions. The 
aczivid• m•sured by RIA ag•: fairly well wi•h th• d•tcrm•n• by •h: marrow 
cell assay, except for :he •ra•ion call• "al•hol 2": •hey do not agr•. •wever 

$0 

mUm• 

•O •OO $OO 
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O.020 
O.03e 

0.010 0.02 0.00• 

• 1• 0.02 

Q,88 0.• 0.1 
0,16 O.•e O.• 

(exce• in o•e •se--"alcoho! Y'). with the act;vity found by the I'•sted r•t m•. 
in $cncral. •th the RIA and marr• •ltu• met• sh• hiiher titm 
in vivo •y. in the • of the £e•l liver ,t• howu•. • f• 
Im a•ivity by RIA t•n by •my. Thb •in8 is simi•r • t•t • by 
Lcun 8 •t al." (or •oiactin. 

•e availabiih• oF •re human e• h• •mitt• • to d•et• t •di•mmu- 
noassa• the[ is •n•ivc •nd s•ific. Ahhou•h inv•tiSa• had p•iously •' 
•ttempted mdcvelop radioimmu•ys rot human e• the mmh•s weee 

•ihc. •ca• impure erythro•ietin • •th as the immunolen •nd as the 
la•Icd ma•=ri•l. Gur•ia' •rificd •n =• pr=•ration by immu•loSic meth• ;nd 
u•d i• us lh• tracer; •hc r.uhin8 material w•s considerably •rich• in c• •ut 

was nol shown to • ho•cn•. As • rc•rt• more •enllyJ the 

PI4d•.• •8.7 69,8 194 
PHAe3 34.0 36.4 12.8 
• 2•.0 202.0 180 
• 74.0 

• 2 •.0 •.0 g2.0 

• 3 2,•.0 2.•.0 
R• k• c• • 2.9 2.7 

•o• 0.•1 0.26 
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that hc had found wiLh his previous method have l•:¢n eliminated by the us• ot" pure 
epo as [he tracer. 

With •erai anti•r• to e• that were rai•d in r•ns¢ to crude pre•rations. 
we •ound no correlation •w•n •he ca•city o• the •n•iserum to bind •raccr and 
•he hc•ri• of the donor rabbit. For example, anti•ra •-3. which had a high 
binding •i•er. and 6692A. •hich h•d a Io• titer, came •rom rabbi[s wi•h similar 
hem•t•rils •Table I). • anti, rum u• in the displacement studi• 
h•m (•-2) did •t neutralize •he activity ofe• •hen •cd by •he in vitro marrow 
culture meth•. This sugg• that zhe• •rticular anti•i• may not • dir•t• 
against the active site • e• r•uired for its interaction with a target •11. 

Intact biol•ic activity o• c• is not n• £or its immu•ic activity. 
Su•tizution • i•ine • the •yr•inc r•idu• o• e• by m• o• the I•Ben 
meth•, • on t• [r• amino grou• by the •lton-•unter meth•, •ul• 
biol• a•ivity (unpublish• •); t• displa•ment cu• Found with th• two 
di•crently la•l• e• •e•tio•, how•er, are •rallci a• show •ntially 
identi•l 5• displacement •in• (Fig. •). 

Similarly, rem•al of sialic ac• r•idu• d• n• alter the immuno•ivity 
c•. This was s•wn by Oa•ia and by •r •ing that the displacer cu• for 
asial• is •rallel to that Found f• the native hormo• (Fi•. 6). 

E•thro•ietin •r• •th human and nonhuman • r•cts with antihero 
•-2 and d[sMa• the human t•r. • anti•y thus ap• • •ni• 
antiB• size that is •mmon to •e•! s•i•, How•r, the• may 
signi6•nt diWere•e •tw•n t• human and •ine •mpl• with r• to 

reactivity with the anti•y. This is sug•t• by the di• •tw•n 
a•un• o£ c• •ou• by bi•y and by mdioimmunoa•y (Table 3). Prelimi- 
nary studi• in our la•rat•y on binding by anti•y •nfirm a re•rt o[ •h•ley 
and Mahlmann. • who s•w• that neutralization o• sh•p c• was not as 

as neutralization oF human e• when an anzi•m to human c• w• u•. 
The £ollowing •idence sup•rts the interpretati• that the suMtance det•t• 

human •rum by radioimmun•s•y is ind•d e•: (•) Incr•sin• a•nts 

human •m p•uc• displacement cu• •rallci to that £ound wilh pure 
human e• (•8- Y)- (B) •or •me sam•es, there was rca•nably g• agreement 
•tween biolo• activity, as determined in plethoric mice. and the omount 

immunor•ctiv• c• (Table 2). (•) There was o correlation between the clinical 
di•cr and the riser o£ e• •ound by radioimmun•s•y. A patient with anemia 
secondary to hy•xiz had an ¢• concentration significantly gre•ter than that 
•ound in •rz •m no•al •r•ns. and an anephric patient had a lower con•ntra- 
tion. In •ticn• J• and BI. the tiler determined by RI• was very much larger than 
that £•nd by • co•enzi•ai biscay. This •nding may • due to t• pr•e, in 
the •m. at immunorea•ive su•tances that have little • no •iologic uctivity: 
more inhumation is nc• however. •orc such a suggestion •an • vcri•cd. 
prelimina• ex•riments, we have F• that •mple J3 contain• a smaller 
immu•eactive com•nent •parable f•m e• by •el •rm•tion. 

The data pr•ent• in Ta• • s•w that t• RIA. alth•gh it •n • u• •or 
m•sure•ntz o• serum tite• o£ e•. •nn• • appli• in its pre•nt 
quantitative o•says o• crude £ractions. We tentatively interpret •he higher tite• 
•ound by RI• and by t• marrow •ll culture mcth• as indicting that bioi•i•lly 
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III•)IO•MMUNOAS•AV r.O• ERY'•ETIN $9 

active native epo is su•tantially contaminated with biolo$ically inactive asialo el)o, 
which is both immunorcactive and active in cells in vitro, Until a m¢lhod can b¢ 
found for distinguishin$ bttween these two forms, neither in vitro method will •erve 

the purpose oi" monitoring the t'r-',ctionation of" epo. We are currently s•ekin s such a 

method. 

ACI( NOV•.ECIGME NT 

We |rat•rul to Annette Gardner i'm" t•hnicsl l.islan= and to i:•. W. Fried lad Evelyn Gulon 
t'or Ixri'ormin| ,•omc oi" the bio,l•,tys. 
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