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Laboratory Methods

Studies on a radioimmunoassay for human erythropoietin*

oy e e g

JUAN]J. L. LERTORA** PATRICIA A. DARGON, ARVIND B. REGE, and JAMES W. FISHER
New Orleans, La.

A highly purified erythropoietin (ESF) preparation (12,000 units per milligram of protein) was
labeled with Na'*i using the Chloramine-T method. Undamaged immunoreactive labeled ESF
was separated from the damaged, nonimmunologically reactive ESF by Sephadex G-150
fractionation. This undamaged immunoreactive ESF was used in a radicimmunoassay for
human erythropoietin. Separation of bound from free antigen was achieved using the
double-antibody technique. Approximately 55 per cent binding was observed at an antiserurmn

D eterminations of erythropoietin (ESF) titers in serum and urine from normal

unconcentrated urine or serum from normal subjects. More recently, interest has centered
around in vitro techniques for ESF measurement that have been reported to be more
sensitive than the polycythemic mouse assay.?"s

Soon after the pioneering work of Berson and Yalow,” radicimmunoassays were
developed for several polypeptide hormones.® It is recognized today that this methodology

offers a major advantage over the biological assays of all such hormones because of its
increased sensitivity, reproducjbﬂity, and reduced variability.

From the Department of Pharmacology, Tulane University School of Medicine, New Orleans.

Supported by United States Public Health Service Grant AM 13211 and National Institute of Health ‘Arg-
ficial Kidney and chronic Uremia Program, Contract No. 70-2112.

Received for publication Sept. 24, 1974

Accepted for publication Oct. 14, 1974. - ’

Reprint requests: Dr. J, W. Fisher, Department of Pharmacology, Tulane University, New Orleans, La. 70112

*The work included in this paper served as a part of the Ph.D. thesis for Juan J. L. Lertora, and was pre-
sented in abstract form at the 1873 meeting of the Federation of American Society for Experimental
Biology. Fed Proc 32: 872 1973.

" The work reported in this Paper was completed during the tenure of a Merck, Sharp and Dohme inter-
nadonal Fellowship in Clinical Pharmacology. Present address: Department of Internal Medicine, Division
of Chinical Pharmacology, University of Iowa Hospitals and Clinics. Jowa City, lowa 52249

140




1:05
NOV %%Fi 999

‘as
ESF

im
nits
one
ietin

nal
the

ise
Ice

ed
re

re

-+ Wt b ~

C Y

LI S LN FE

C m ' f13
2237-WGY  Document 638-18 iled 07/05/200 age 30

-cv-1 7- F 7 7 P

O\“/144 FR CISTI 1ciISsT 613 991 2262 TO 13124741159

\olume 85 Human erythropoietin 141
Numl

With the availability of highly purified ESF preparations®*? with specific activities
ranging from 7,600 to 12,000 units per milligram of protein, together with the known
antigenicity of ESF that allows Production of antisera capable of neutralizing its biological
actvity,’3 it has been possible to prepare *I-labeled ESF following the method of Hunter,
Greenwood, and Glover's and to use thijs labeled material in the development of a
radjoimmunoassay for ESF.

of 0.2 M phosphate buffer, pH 7.45. One-half millicurie of "1 (as sodium iodide, carrier-free) in 3
volume of 0.025 my was added to the protein solution, followed by Chloramine-T (20 to 35 ug in
0.010 mL) and the feaction carried on for 10 to 15 seconds. Sodium metabisulfite (60 HE In

11.0 ml. per hour; buffer: 0.02 M phosphate, PH 7.45, with 0.1 per cent BSA; temperature- q° C.
Fractions of 0.8 mL. were collected in siliconized glass tubes. The Sephadex G-150 was presaturated
with BSA prior to utlizadon. In order to monitor the radioactivity peaks, 0.010 mi. aliquots of each
fraction were counted in a Packard Auto-gamma Spectrometer (Model 5022),

Immunochemical reactivity of *5[.ESF. Fractions of the Sephadex G-150 eluates were evaluated
for immunological binding to ESF antserum using an antiserum dilution curve (afixed concentration
of labeled protein was reacted with decreasing toncentrations of ant-ESF )-

Preparation of ESF antiserum. Male New Zealand albing rabbits were injected Inradermally

P.
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Table 1. Experimental format for radioimmunoassay

R

Unknown samples

Step Control Tracer Standards (urine or serum) 1
1 0.1 mL 0.1 ml 0.1 ml 0.1 ml %
; Diluent Diluent Diluent Diluent 3
) 2 0.05 ml 0.05 ml. 0.05 ml. 0 -
Blank Blank Standard T
3 0 0 0 0.05 mlL =
Sample *
4 0.1 mL 0.1 mL 0.1 ml 0.1 mil.
NRS control AS AS AS
diluent
5 0.05 ml 0.05 mlL. 0.05 mi. 0.05 mL
Label Label Label Label
6 First incubation: 3 to 4 days at 4° C.
7 0.05 ml. 0.05 ml. 0.05 ml. 0.05 ml.
GARGG GARGG GARGG GARGG
8

Second incubation: 18 to 24 hours at 4° C.

Diluent-0.02 M PO, buffer, PH 7.45, with 0.1 per cent bovine serurn albumin.
Blank = same as diluent (to replace standard volume).

NRS contol diluent = diluent with 1 per cent normal rabbit serum used as carrier.
AS = antiserum ( Final diludon made with NRS control diluent).

Standard = known dose of erythropoietin ( International Reference Preparation, Standard B)in 0.05 m].
GARGG = goat ant-rabbit gamma-globulin, ( final dilution made with difuent).

Radioimmunoassay experimental format. The Sephadex G-150 fractions of "SI.ESF to be

used in the radioimmunoassay were diluted to obtain a concentration of 5,000 to 7,000 ¢
minute (¢.p.m.) in a 0.05 ml

(ot e M S

incubated at 4° C. for 3 0 4 days (first incubation period) and the r
50 mm. disposable glass tubes.

Separation of bound and free SL.ESF. The double-antibody technique® was used as follows:
goat anti-rabbit gamma-globulin (GARGG)" was reconstituted in 10 ml. of the radioj
diluent. After the completon of the first incubation, 0.05 ml. of the GARGG solution

was added to
each tube. This concentration of GARGG was selected to

provide maximal precipitation of ant-
to 24 hours at 4° C. (Table D). At the
as added to each tube and the samples
nts per minute per tube. The samples
% g The supernatant
determine the per cent 'BI-ESF bound

Bioassay of ESF and sera. A modification of the ex-hypoxic polycythemic mouse assay de-
scribed by Cotes and Bangham® was used to determine the erythropoietic activity of standard and
unknown samples, HAM/ICR strain female mice (18 to 25 grams) were made polycythemic by
exposure to (.42 atmospheres for 29 hours each day for 2 weeks, The mice were injected sub-
cutaneously with one-half the total dose of either saline, human urinary ESF, or test human serum
or urine on the fourth and fifth days following their removal from the hypobaric chamber. Each mouse

iron (Fe®®) citrate intravenously on the sixth posthypoxic day. Two days
later (eighth Posthypoxic day) each animal was exsanguin
Fe* incorporation into red blood cells was determined,

Human sera for bicassay and radioimmunoassay. Blood was obtained by venipuncture from 5

healthy, hematologically normaj human subjects, and from 4 patients with end-stage renal insuffi-

*Schwarz-Mann, 12 mg. of lvophilized antibody protein (Lot Y1247).
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Fig. 1. Radiochromatographic scan of iodination mixture, following the technique of Berson and
co-workers.” Reaction mixture (0.02 ml) was diluted with 1 ml. of 0.02 M phosphate buffer, pH 7.45,
with 0.1 per cent BSA; 0.025 ml. of this solution was submitted to chromatography using Whatman
No. 3 MM paper followed by electrophoresis at 400 volts and 10 milliamperes in 0.05 M Sorensen’s
phosphate buffer, pH 7.5, at 0° C.

ciency and anemia undergoing renal dialysis (hematoerit 20 to 24 per cent, creatinine clearance Ot
2.9 ml. per minute). Serum was collected and frozen (—80°C.). Serum and urine were also obtained
from a patient with hypoplastic anemia and stored as above undl assayed.

Results

'*1-labeled protein bound to the site of application on the Whatman No. 3 MM paper strip
and was considered to be the undamaged ESF. Peak B is '*-labeled protein migrating
anodally and is the protein damaged during the labeling procedure. Peak C js the free 125]
exhibiting the fastest mobility. Contro] €xperiments in which the iodination reaction was
carried through without adding ESF showed a single peak of radioactivity corresponding
to the free '*I peak when analyzed by chromatoelectrophoresis.

Sephadex fractionation of the iodination mixture. F ig. 2 illustrates the elution pattern
observed after Sephadex G-150 fractionation of the lodination mixture with detection of 3
Peaks of radioactive material]. The first peak (peak A) represents labeled protein eluted in
the void volume (elution volume of blue dextran 2000) and contained a very small
Proportion of the total counts per minute in the iodination mixture. The second peak (peak
B) Tepresenting the majority of the 31 incorporated into protein, was eluted with a



Document 638-18  Filed 07/05/2007 Page 6 of 13

:05-cy-12237-WGY
. Nov €359 4oy 1223 WGY ICIST 613 991 2262 TO 13124741159 P. 07
144 Lertora et al. J. Lab. %r; %% 3

SEPHADEX C-150 FRACTIONATION 0f DOMATION MixTyRg 189 ERYTHROPOEE T
(H4K-35)

6800+

64004 Ff.AH

o ]

56004

-....-.-.-....-....—-.-..-..._-.-.

5200

4400+

RAETETR I,

4000 4 {'

32004

7 N

16004 / A

oy
ol

/tvo
5 2

R P DU

[1] "Tvlrlvlvv'v'ﬁ
5”5”455036@85D15m6%95m
"‘yrll
FRACTION NuMBER

0

Fig. 2. Sephadex G-150 fractionation of the iodination reaction mixture using 0.02 M phosphate

buffer, pH 7.45, with 0.1 per cent BSA as an eluent. Fractions of 0.8 ml, were collected and 0.01 m].
aliquots of each fraction were counted.

migrated. This suggested that peak A contains the undamaged labeled protein, whereas
peak B represents the damaged labeled protein.

Antiserum dilution curve with anti-ESF. Fig. 3 represents the immunochemical
evaluation of pooled fractions 13 throu gh 16 (line A) corresponding to peak A and fractions
37 through 49 (line B) from peak B. The pools were diluted such that the total radiolabeled
protemn reacting with decreasing antiserum concentrations was the same for both protein
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Fig. 3. Antiserum dilution curves for pooled fractions 13 through 16 from the firs: *I-labeled protein
peak (A) and pooled fractions 37 through 40 from the second '*].]1abeled protein peak (B). {Sephadex
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with '®].ESF seen in the anemic uremic group (Fig. 7).

Discussion

years,” and has been used as a tool in studies of erythropoiesis. Ant-ESF can block the

biological activity of ESF in the ex-hypoxic polycythemic mouse assay system. A technique
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tdons of antigen (ESF) and antibody are in 3 range that would not allow spontaneous
Precipitation, and the double~a.ndbody technique!s using goat anti-rabhit gamma-globulin
(GARGG) was selected due to its relative simplicity and after considering previous

P.
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Fig. 7. Radicimmunoassay of erythropoietin in sera from normal and anemic uremic human sub-
jects, using pooled fractions 13 through 16 (Fig. 2) as tracer'®l-labeled erythropoietin.

radicimmunoassay for the hormone. However, as can be appreciated from the chromato-
electrophoretic evaluation of the labeled ESF in our studies, a significant amount of the
labeled protein migrates anodally indicating a high degree of protein damage during the
labeling reaction.

Sephadex G-150 fractionation of the iodination mixture permitted resolution of two
peaks of !*I-labeled protein. Using the results of chromatocelectrophoresis and im-
munoreactivity with anti-ESF it was concluded that the material in the first peak in the
elution pattern of the iodination mixture represented mainly undamaged '**I-labeled ESF.
Our previous experience with Sephadex G-100 fractionation of the '*I-labeled ESF
indicated that the biological activity was located in the first peak of the ***I-labeled protein,
as determined using the ex-hypoxic polycythemic mouse assay.'®"*® Qur assumption of the
integrity of the labeled material in peak A from Sephadex G-150 fractionation is based on
several criteria: (1) identical elution patterns using Sephadex G-100 and G-150 fractiona-
tion were seen; (2) peak A from both fractionations was immunoreactive with ESF
antiserum whereas peak B was devoid of any immunoreactivity; (3) if the material in peak
A from Sephadex G-100 was fractionated on G-150 and eluted along with peak B, a
greater immunoreactvity would have been observed with peak B following G-150 frac-
tionation, and such was not the case; (4) following G-150 fractionation, most of pooled
peak A remained at the origin, whereas pooled peak B fractions migrated anodally when
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Table 11. Estimation of erythropoietin titers in human sera using the
radioimrmunoassay

Erythropoietin titers*

(milliunitsml).
Normal subjects
GF 84
SR 74
JL 74
DB 72
RN 52
Anemic uremic patients:
CK 162
DT 200
™ 200
SB 200

*Serum (1.0 ml.) was nondetectable when assayed for erythropoietin in ex-hypoxic polycythemic mice, both
for normal and anemic uremic subjects, except CK.

chromatoelectrophoresed; and (5) a linear and moderately steep dose-response regression
line was seen with the standard IRP-erythropoietin. The antiserum dilution curve
constructed with the pooled fractions from peak A indicated approximately 55 per cent
binding at an antiserum dilution of 1:1500.

It appears that the majority of the iodinated product loses its ability to bind to the
specific antibody as seen from the immunochemical evaluation of the two peaks of
'**]-labeled protein obtained after Sephadex G-150 fractionation and from comparison of

capable of producing a detectable competition with '*I-ESF. The linear portion of the curve
has a slope which is steep and offers a wide workable range for the assay of ESF, since it
extended from 0.025 to 2.0 milliunits of IRP-ESF.

P.
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standard IRP-ESF and native ESF in serum. It could also indicate nonspecific protein
binding to ESF antibody, with impairment of free competition of native ESF with
*I-labeled ESF and alteration of the slope. The possibility of hormonal Cross-reactivity
(particularly with other glycoprotein hormones) should not be ruled out until more
extensive studies are completed using this system. F inally, the alteration in the slope may
depend upon an Interference with the second antibody reaction, since it is conceivable that
GARGG may cross-react with human 8amma-globulin in serurn.* Studies are underway to
correct the differences in the slopes of the serum dilution regression line and IRP standarg
dose-response regression line. The first approach will be based on calculations which
involve a correction factor applied to each dilution of the IRP-DR regression line In the

vera. These IRP dilutions wil} then be used to obtain the IRP standard dose-response
] regression line. On the other hand, the lack of significant difference between the slopes of
) ’ the IRP-ESF dose-response curve and urine dilution regression line points to the essential
identity of the Immunoreactive ESF in urine and in the IRP-ESF preparation. The
IRP-ESF preparation is human urinary erythropoietin.

Comparison of our estimated normal range for ESF levels in serum (52 to 84 mU. per

A

method, estimated normal levels of ESF in human plasma to be in the range of 0.5 t0 2.0
mU. per milliliter. Jordan, Lange, and McDonald® using a hemaggludnacion-inhjbition :
assay for ESF, have also reported blood levels of ESF in normal human donors to be in the
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differences in these two assay systems.

Nevertheless, a relagve ¢omparison between normal and anemic uremic sera was
possible, and a greater binding inhibiton of 'SI-ESF was observed at all dilutions with
the latter group (Fig. 7). This may indicate titers of ESF that are above normal levels
(Table I1) in the anemia of uremia. It is of interest that Lange and co-workers* using the
hemagglutination inhibition assay, have reported levels of ESF above the range of normal
In sera from anemic uremic patients that were erythropoietically inactive in the poly-
cythemic mouse assay. Garcia has recently reported findings in anemic uremic sera
using a xadioimmunoassaty.'3s However, these patients may still suffer from ESF deficiency
relative to their increased demand for red blood cells *

Hel
1 : s, fidat,, »

REFERENCES

P

ORI 1. el e T TG

1. Cotes PM and Bangham DR- Bioassay of erythropoietin in mice made polycythemic by exposure
o air at a reduced pressure. Narure 191: 1065-1067, 1961.

2. Goudsmit R, Krugers Dagneaux PGLC, and Krijnen HW- Immunochemical determination of
erythropoietin. Folia Med Neerl 1 7.



e 1:05-cv-12237-WGY Document 638-18  Filed 07/05/2007 Page 13 of 13
1999 03:22 FR CISTI 1CIsT 613 991 2262 TO 13124741159 P. 14

.

Cas
02

_NOV

J. Lab. Clin. Meq.

July, 1975 ¢ \hume 88 Human erythropoietin 151

s Number 1

3. Krugers Dagneaux PGLC. Goudsmit R, and Krijnen HW: Investigatdons on an immunoassay of
erythropoietin. Ann NY Acad Sci 148: 294-297, 1968.

4. Lange RD, McDonald TP, Jordan TA, et al: The hemagglutination-inhibition assay for erythro-
poietin. A progress report. In: Hemopoietic Cellular Proliferaton, Stohlman F Jr, editor. New
York, 1970, Grune and Stratton, pp. 122-132.

5. Jordan TA, Lange RD, and McDonald TP: The hemagglutination-inhibition assay of erythro-

A‘mnspeciﬁc Protein
Fe native ESF with ;
cross-reactivity
out until more
B gen in the slope may
Ry s conceivable that
B are underway 1o
e and IRP standarg
e alculations whick
Repesion line.* In the

topoiesis, Capri, ltaly, 1971. Milano, Italy, 1972, The Publishing House 1] Ponte, pp. 132-153.
7. Berson SA, Yalow RS, Bauman A et al- Insulin-1'* metabolism in human subjects: Demonstra-
ton of insulin binding globulin in the circulation of insulin treated subjects. J Clin Invest 35:

with polycythemia 170-190, 1956.
pard dose-response : 8. Yalow RS and Berson SA: Introduction and general considerations, In: Principles of Competitive
een the slopes of  _ Protein-binding Assays, Odell WD and Daughaday WH, editor. Philadelphia, 1971, J. B,

Lippincott, pp. 1-21.
9. Espada } and Gutnisky A- Purification of human urinary erythropoietin. Acta Physiol Latino

Amer 20: 122-129, 1970.

10. Espada J, Langton AA, and Dorade M: Human erythropoietin: Studies on purity and partial
characterization. Biochim Biophys Acta 285: 427-435, 1972

il. Dorado M, Langton AA, Brandan NC, et al: Electophoretic behavior of erythropoietin in
acrylamide gel. Bicchern Med 6: 238-245, 1972.

12. Dukes PO, Hammond D, Shore NA, et al: Differences between in vivo and in vitro activides of
various erythropoietin preparations. Isr } Med Sci 7: 919-925, 1971,

13. Lange RD, O'Grady LF, Lewis JP, et al: Application of erythropoietin antisera to studies of
erythropoiesis. Ann NY Acad Sci 149: 281-291, 1968,

14. Greenwood FC, Hunter WM, and Glover JS: The preparation of'1-1abeled human growth hor-
mone ‘of high specific radioactivity. Biochem ] 89: 114-123, 1963.

15. Skom JH and Talmage DW. Nonprecipitating insulin antibodies. J Clin Invest 37: 783-786, 1958.

nts o the essentiag]
preparation. The

B(52t0 84 mU. per
gaur present series.
% double-diffusion
nge of 0.5 to 2.0
pation-inhibition
3 pors to be in the
s of 3.7 t0 11.0
with more than

pe ex-hypoxic 16. Fisher JW. Roh BL, Thompson JF, et al- Studies on I'*labeled purified human urinary erythro-
able I). This poietin. Twelfth Annual Meeting, American Society of Hematology, Cleveland, Ohio, p. 104,
beically active 1969. (Abst.)
b explain the 17. Fisher JW, Thompson JF, and Espada J: A radicimmunoassay for human urinary erythropoietin.
Ist J Med Sci 7: 873-876, 1971.
. 18. Fisher JW, Espada J, Taylor P, et al: A radicimmunoassay for human urinary erythropoietin
[IC Sera was In: Regulaton of Erythropoiesis, Grodon AS, Condorelli M, and Peschle C editor. First Interna-
lutions with donal Conference on Hematopoiesis Capri, Italy, 1971, Milano Ttaly, 1972, The Publishing
ormal levels House 11 Ponte, pp. 122-131.

AR A o %im*ﬂ“ﬂhﬁhﬂi? e X

o using the 18. Dixon W] and Massey FJ Jr. editors: Intreduction to Statistical Analysis. Ed. 3. New York, 1969,

¢ of normal 3 McGraw-Hill Book Company, Pp. 207-210.
i the poly ; 20. Bgeésson SA and Yalow RS: General principles of radieimmunoassay. Clin Chim Acta 22: 51-69,
! = - 1968.
emic sera f 21. Donabedian RK, Levine RA, and Seligson D: Micro-electrolytic iodination of polypeptide hor-
. deﬁciency F mones for radicimmunocassay. Clin Chim Acta 36: 517-520, 1972,
= 22. Bolton AE and Hunter WM: The labeling of proteins to high specific radicactivities by conjuga-
: ton to a'*] containing acylating agent. Biochem J 133: 520-539, 1973.
= 23. Frantz WL and Turkington RW: Formation of biologically active™I-prolactin by enzymatic
b a"'d Doc- p radioiodination. Endocrinology 91: 1545-1548, 1972
Umvemuy 24. Daughaday WH and Jacobs LS: Methods of separating antibody-bound from free antigen. In:

Under thejr

~

Principles of Compettive Proteimbinding Assays, Odell WD and Daughaday W], editors. 1971,
J. B. Lippincott, pp. 303-316.
25. Hunter WM: The preparation of radioiodinated proteins of high activity, their reaction with anti-
body in vitro: The radicimmunoassay. In- Handbook of Experimental Immunology, Weir
' DM, editor. Oxford, 1967, Blackwell Scientific Publications, pp. 608-654.
{ 26. Garcia JF: Radioimmunoassay of human erythropoietin. Symposium on radicimmunoassay and
related procedures in clinical medicine and research. Istanbul, Turkey, International Atomic
1 Energy Agency, Sept. 10 through 14, 1973, pp. 1-19.
27. Erslev AJ: Anemia of chronic renal disease. Arch Intern Med 126: 744-780, 1970.

BXposure

tion of

(SOREX T 41:'}.:‘ oW



