Amagen Inc. v. F. Hoffmann-LaRoche LTD et al Doc. 638 Att. 13
Case 1:05-cv-12237-WGY Document 638-14  Filed 07/05/2007 Page 1 of 14

Exhibit 32

to the Declaration of Cullen N. Pendleton in Support of Amgen’s Opposition to
Roche’s Motion for Summary Judgment that Claim 7 of the ‘349 Patent is Invalid
Under 35 USC 8112 and is Not Infringed

Dockets.Justia.com


http://dockets.justia.com/docket/court-madce/case_no-1:2005cv12237/case_id-100734/
http://docs.justia.com/cases/federal/district-courts/massachusetts/madce/1:2005cv12237/100734/638/13.html
http://dockets.justia.com/

CONFIDEQA#AL1:05-cv-12237-WGY  Document 638-14  Filed 07/05/2007

e

2y

Ed

1AEA-SM-1T1/18

fRADlOIMMU\IOASSAY OF HU’VIA.N

v

: ERYTHROPOIETTN* i
: o
IF. GARCIA R
Daonner Laboratory, B
-L'wrapng R:u-ln.\lm; Tak ,f ory,

" University of Cahfomxa, '
,Berkeley. Calif., -United States of Amenca

RAD[O!MMUNOASSAY OF HUMAN ERYTHROPOIETIN, :
A yadlaf for the glyeop hormone “erythropoietin™ has been deve}nped using a puxifxed
buman uritary erythropoietin proparation and an antx-e:yth:opoxgun antisernpy prepared in rabbits. The

" ‘erythropoietin used for tabelling with 1 was freed £om soine contamisiating proteis by G-150 Sephadex gel

filtration after first absorbing with an antisersmn prepared-against normal-human urinary protein. “The crythro-
poietin peu was then combined with an anti-erythropoietin antiserum znd again piaced on.the Sephadex:
ced * The labelled exyth in y~globulin plex, thus sep d, was dissociated by an acidification~

‘beating procedure which {:eed tb.e labelled er /mropolenn. With the double antibody technique, this labelled © ™

exyttiropoietin was then used in 2 radioimmunoassay of human plasma eryﬂ:mpuxctin with the first international
seference preparation at a standard. This radioi y for huruan erythropoietin is. more semsitive than
the standard bioassay for husan erytinopoietin by a factor of zppmxumtely 10. with this radipimmunaassay
scheme, plasmas from normal individuals always give low values with an average-for a series of males of
4.9 mU/ml snd females of 4.3 mU/ml. Plasmas fiom anzemic individuals always give higher values, although
usasily oot as high as the bicassay for ecythropoistin would 1 Support for the validation of the radio-
immuooassay for human. plasma exyﬂxopoxattn was obtained by the parallel relationship with the standard
of halvmg dxlutmns nf a hx@l exythropoietin plasma.” Further, bleeding of a normal individual increases the
erytimopoietin level and return of the blood decreases it. Althcugh this resporse in ’
plasmz is below- the billty of the bi y for erythropoictin, the bioassay of concentrates of uripe.
maintatned the same relative pxcture as that scen hy the: radioimmanoassay. of the plasma. The radioimmuno- -

*“asay appears fo be speclfic for tuman erythropoietin, with no petition afforded by several animal uythmA .
" poletins. Althoughi rémoval of the sialic acid comipletely destroys the biological activity, it does fot interfere =

with the y of human erytiopoietin, Further detalls of this radioxmmum)anay, as well as

i appucauon to the vmcly of chmcal mat:ml are d:xcused

mmontrc*mom -

‘The mamtenance of the volume of red blood cells in the normal uxdnndual
is exquisitely o,ontrolled If one loses blood, the marrow increases its
production of red blaod cells and, when the normat level is reached, the

" production rate retu:-ns “to normal, * On’ exposure to high altitude the body"

recognizes the need for more’ red blood cells in order to maintain its tissue
oxygen requirements, d@nd.so.red blood cell production is increased above

‘normal, resulting in a polycythaemic state in the individual., ~After retarn

to lower altitudes; the body recognizes that it has more red blood cells ‘than

- it needs, and so red blood cell production is depressed. Although several

mechanisms have been proposed it is now genperally accepted that the control
imposed on the marrow productlon of red blood cells is mediated bya humoral

factor ll] ’I‘hxs hormone has been gwen the name " erythropoxetx . ltean

o * This wo:k was done undes the auspica of the United States Atomic Enctgy Commnswn. :

275

. i

UCHO000014576

Page20f14

L S temwiotn -



CONFIDEN®AL: 05-cv-12237-WGY Document 638-14

%,

e s

278 : ’ L caas

' be extracted from the plasma and urine of a variety of animal species

including the human. In fact, the urine of severely anaemic humans has’

_ become one of the best sources of ervthropozntm [2].

" In assaying for erythropoietin the initial studies consisted Qf haematoc-it
haemoglobin concentration, or reticulocyte studies [3]. increasgs in total

- red cell mass have also been used in the assay of erythropoietin [2]. Later

the incorpor ation of radioiron into red cells bercame the nnnn?ar means af

assay for this hormone. A variety of recxpzent animal preparations were

" used, two such were the hypophysectomized and fasted rais {4}. Both'of

these preparations have depressed erythropoiesis, and respond quantitatively
to the administration of erythropoietin with increased radioiron incorporation. .

into red blood cells. For the past 10 years the polycythaemic mouse has
‘been almost exclusively used for the bioassay of erythropoietin [5]. Such -2

an assay animal, with a haematocrit of approximately 70% will show

" essentially no radiciron incorporation into red célls. The injection of ag"

litile as 0.05 unit of erythropoiétin will result in a significant increase i

_ radioiron incorporation.. While this bicassay is capable of measuring
 inereased circulating levels of erythropoietin,- it is still inadequate for

the measurement of plasma levels in normal subjects. It has been used,
however, to adequately measare erythwpoxetm in urmary concentrates
of normal individuals {6],

Since the first dem :ongtration of the ability to produce axmbody, which
will peatralize the biological activity of erythropoietin 71, investigators
‘have been concerned with the applications of immunological technigues to
the measurement of eirculating levels of erythropoietin. Goudsmit etal, | 8}

_have developed an immunological technique, utilizing an Ouchterlony-type -

double diffusion system. for the assay of humnan plasma erythropeietin.

Also, Lange et-al.[9] have utilized a haemagglutination inhibition system

for the measurement of circulating erythropoietin levels in normal indi<
viduals, Preliminary studies utilizing the more classical radicimmunoassay
approach, as described by Berson and Yalow [10}, have been presented -

for the measurement of plasma erythropoietin {11}, “The present communi~
cation further extends these preliminary studies to a large series of normal
sera, haematologic patient sera, column eifluents and animal erythropoietins.

' RADIOIMMUNOASSAY TECHNIQUE, MATERIALS AND METHODS

Basically the radioimmunocassay depends on the ability of unlabelled “

" antigen to inhibit, - by competition, the binding of labelled antigento specific
antibody. The determinaticn of the conceniration of the antigen in a sample

is abtained by comparison of the degree to which it inhibits the binding of

" the labelled antigen by ‘antibody with the degree of inhibition obtained by a N

series of standard antigen dilutions containing known amounts of the antigen.

" Thia technique has been utilized in the measurement of a wxde variety of
.. hormones and other materials in plasma,

The essential requxrements for the development of a radioimmunoassay
for a hormone are: (1) the availability of the hormone in a pure form and
its ability to accept a radicactive label, (2) the ability to produce. specific
antibody 1o that hormone, and (3) a technique for the separation of antibody-

bpund and non-antibody-bound hormone after a given incubation period.
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Labelled erythropoietin

- -presented eLsewhere {111, .

Unfortunately, the state of the biochemistry of erﬂhropoxetm has not
reached the point where amounts of pure erythropoietin are available for
labelling for radicimmunoagsay.- It iz only recently that small amounts of
pure sheep plasma erythropoietin have been obtained by Goldwasser and
Kung |12] for chemical characterization studies. This had an erythropoietic
potency of approximately 9 000 units per g protein with a calculated molecu-
lar weight of 46 000, .and was characterized as a glycoprotein with 74% protein-
and 26% carbohydrate. The carbohydrate consisted of 10% sialic acid,

8% galactose, 4% mapnose, 4% glucosamine and 2% glucose. Because of the

" suggestions that there may be species differences in erythropoietin mole-

cules [11]; buman erythropmetln was used throughout this. radto:mmunoassay
study.

‘A small quantlty of highly purified human erythropmetm wasg supplied
through the generoslty of Dr. Joaquin Espadal This was originally extracted
from the urine of severely anaemic patients by either pressure filtration .
through a collodion merbrane | 2] or by a benzoie acid precipitation tech-’

. nique [13], - These relatively crude extracts, with specific activities of-

approximately 20 - 30 units per mg protein, were then purified to specxﬁc
activities of approximately 8000 units per mg protein by a series of chro-
matographic steps involving DEAE; hydroxyapante and Sephadex | 14].

* ' The'purified-human erythropoietin was labelled with %51, using the -
method of Greenwood et al, [15]., The 28] was obtained from New England
Nueclear Corp., and had speciﬁc activities in excess of 100.mCifmi. Five
to 6.5 pg of erythropoietin and 1 - 4 mCi of 1% were used. This resulted

_-in preparations of labelled erythropoietin which usually had speeific activities
- greater than 100 mCi/pg. Any remaining free 1%5[ was separated from the
- - labelled erythropoietin by gel filtration on a small G-50 Sephadex columon.

The labelled erythropoietin was further purified by G-150 Sephadex gel -
filtration after firgt absorbing it with an antiserum prepared againét normal
human urirary protein. - This removed any erythropoiétin damaged by the -

-labelling process,- and possibly some labelled protein contamination to which
. antibody was present in the antiserum against normal urinary extract. The

labelled erythropoietin peak was then combined with an anti-erythropoietin
antiserum and again placed on a G-150 Sephadex column, The labelled
erythropoxetin, now complexed to y-globulin, was thus separated from
iabelled material which was not antigenic with either of the antisera ysed,
The cemplexed labelled erythropoietin was then dissociated from 7-globuhn
by acidificationto pH 5.0 and then heated in a boiling-water bath for 5 min.
This "immunologically purified” labelled erythropoietin was used in the
radioimmunoassay for ery‘thropmetm., Details of this preparatlon are

tlbodz .

. Antibody to .erythropoietin was pfoduced in rabbits immunized with

- human urinary erythropoietin, obtained by pressure filtration of the urine

of severely ansemic patients. Ten milligrams containing approximately

1 A gift, kindly supplied by Dr. Joaquin Espada, Catedra de Biodulmica, Facultad de Medicina,
U.N.N.E., Comiestes, Argentina. The specific activity of this erythropoietin was stated to be about 8000 U/mg.

Page 4 of 14
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" 200 units of erythropoietin were dissolved in water and combined with com-
_plete Freund's adjuvant and given in four subcutaneous sites at weekly -
intervals for 3 - & weeks. This procedure usually resulted in erythropoistin - -
neutralizing antiserum in greater than 50% of the rabbits so immunized {11}, -
‘Precipitin lines can be demonstrated when-anti-erythropoietin antiserum
is allowed fo react in Ouchterlony plates with a wide variety of purified
hainai plasma protein fractions. However, if the anti-erythropoietin anti-
serim ig abgorbed with these proteins, no reduction in the erythropoietin .
neutralizing ability of the antiserum is observed [16]. Thus, the anti=.~
erythropoietin antiserum containg & mixture of antibodies against a variety
- of proteins as well as antibody specifically directed against erythropoietin,
The anti-erythropoietin activity can he sssessed by its effect in completely B
depressing the S¥Fe incorporation into red cells of normal mice. Also, as =~ . . E
; . s corollary to this, the fdct that erythropoiesis in normal mice can be e
.o oo i depressed by the administration of anti-erythropoietin antiserum must mean - : ;
[ _ that the normal production of red cells is mediated by erythropoietin — that
o ) erythropoietin is not just a hormone brought into action in severely anaemic . -
animals or by exposure to extreme high aliitudes, but plays a role in the
maintenance of 'day-to-day' erythropoiesis. Erythropoietin antibody. can
_ also be assessed by combining it with a standard amount of erythropoietin;~
. and assaying inthe polycythaemic mouse for any remaining erythropoietin.
In.one case, a rabbit which had been previously imrounized, ‘ag above, -
with a relatively crude extract of human urinary erythropoietin, was given
‘a single booster immunization of a very small amount (13 pg) of the highly
purified human urinary erythropoietin, The antiserum obtained at 9.days
after this immunization had a very high neutralizing apility for human -
erythropoietin, One millilitre of this antiserum will completely neutralize
mote than 300 units of human erythropoietin. Fractiomation of this antiserum .
‘on G-200 Sephadex revealed that both the erythropeietin neutralizing ability .
.and the ability to bind-labelled erythropoietin resided in the 7-S y-globulins
{11]. This antiserum is used in the radicimmunoassay at.a final {ncubation ) : :
dilution of 1;1000 000, No pre-absorption of the antiserum was carried - : !
out before ‘ité:‘use»'_in the radioimmunoassay - s o : . :

Radioimmunoésééy '

Because of the successful use of the double antibody technique for the
separation of free and antibody-bound hermone in other hormone radio-
jmpmunoassays in our laboratory, this separation echeme was extended to
the erythropoietin studies. Goats immunized with rabbit y-~globulin were
used as a source for the precipitating second antibody. -

N ‘ The procedure presently being used for the radidimmunoassay of human .
o ‘ o erythropoietin is as follows: 1 ml of plasma, serum or varying standard ‘ s : 5
erythropoietin concentrations is pipetted into a 15-ml disposable plastic - ’ ' : &
. test tabe. The erythropoietin standard, consisting of the 1st international ) :
‘ reference preparation of human urinary erythropoietin, was: dilated by halving
_concentrations from 100 mU/ml.down to 0.78 mU [ml. The diluent for the
erythropofetin stindard consistéd of 5% human gerum albwminim 0.05M - - - ; o
- phosphate buffer at pH 7.5. The human serum albumin was used in.an : ' Lo ;

a?:tempt to keep at least this protein constituent similar to that of plasma. - o Fom
This was followed by 3 w1 of the immunologically purified labelled human :
erythropaoietin, Approximately § 000 - 10 000 counts/min containing G 1to

£,

e e e - - - !
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At present as incubation period of 4 - 5 days at 4°C is being used. After o - o ) Lo

“per.minute of labelled erythropoietin which is bound to antibody on the linear:
. “scale. All samples of plasma or serum were maintained in the frozen state

IABASSM-177/18 279

0.2 mU of erytﬁfopoietin was used. - The labelled erythropoietin was followed
by 2 ml of a 1:400 000 dilution-of rabbit anti-erythropoietin. The diluent

for both the lsbellad erythropoietin and the anti-erythropoietin consisted of

0. 05M phosphate buffer at pH 7,5 with 1% bovine serum albumin added.

the incubation period, 1 mliof a 1:10 dilution.of normal rabbit serum was

ﬁdﬂed as & source of carrler ranuu -y-gmmxnn. This was foliowed Dy arn

amount of goat anti-rabbit y-globulin serum which had previously been

determined would maximally precipitate the rabbit y-globulin in the test .

tube and any labelled erythropoietin which was antibody bound, Aftera = - s
2-hour period, the samples were cenmfuged at 700X g in a refrigerated '

centrifuge for 30 min, and the supernatant decanted, The 1251 radioactivity

in the precipitates was then counted in a Nuclear Chicago automatie scintil-

lation well-type counter. Curves are plotted using semi-logarithmic paper

with the erythropoietin concentrations on the logarithmic scale and the counis -

until they were. used in an assay.

RESULTS AND DISCUSSION - - . o ’ -

A curve of a typical rédidimmunoassay for human erythropoietin, uai'ng‘
the procedure as outlined above, is presented in Fig, 1. On the ordinate’

"is presented the per cent of the total labelled erythropoietin which is antibody

bound for each dilution of the 1st international reference preparation of ’ v o

" humaean erythropmetm on the abscissa. With the antibody concentration and

the incubation period used, the percentage of labelled erythropeietin, which BN
is bound, varied beiween 40 and 70% when no unlabelied erythropoietin was ‘ ’
added. -The range covered by this curve is better than a decade below the

lowest erythropoteun concentration detectable by the most sensitive bio- -

~assay for erythropoietin. For this study the acceptable range was consxdered

10 be from 1 to 100 mU of the 1st infernational reference preparation of
human erythropoietin per ml, An opportunity for comparison with the 2nd
international reference preparation gave a similar curve. The separated
7-8 y-globulin of the antiserum can equally be used in the radioimmuno-
assay, andwill result in a similer ¢urve. Removal of the sialic acid, by
use of the enzyme neuraminidage, does not appear to interfere either with

_ the labelled erythropoietin or-the unlabelied erythropoietin ysed for the

development of the standard curve, although this treatment completely .
destroys the biological acthty of erythropoietin. The curve for neura-
minidase-treated erythropoietin was identical tc that. ob‘ained with ron—
neurarmmdase-treated erythropoietin,

. This radicimmunoassay for erythropoietin has been uséd in some -

» -preliminary studies on selected clinical material, A summary of these
results is presented in Table 1. A large series of serum samples from

normal individuals was obtained from a local health screening program,
The average erythropoietin concentration measured in 457 females was
4.3 mU/m! as compared to 4.9 for 311 males. This small difference was,

. significant with a p-value of < 0, 02, -Other previous small groups of normsil

subjects always have shown the same relative difference. Comparison of
heparinized plasma and serum taken at the same time from normal indi-

. viduals revealed no difference in assay results. However, although the - - -~ . - -

UCHO000014580
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FIG.1. A typical standard ciuve for the radicimmunoassay of haman erythuopoictin. o
TABLE . ERYTHROPOiETIN CONCENTRATION IN NORMAL AND v
SELECTED PATIENT SERA . . .
’ Haernogiob Erythrapoleti
Nusmber (8/100 mp - (mU/mi & 5B
Nomai male © - 311 15.1 4.9 0.2
Normal female ST T T43 02
Iron deficfency ‘ . s.0. 32.3 5.4
- Haemochromatosts 68 . 3.9 116 0.4
Polycythaemia vera - 16.8 8.9 0.9
Secondary polycythaemia . ‘13 X 8.5 0.7
Anephiic ' - 0. 5.8 281 a
Kiduey diseass o S L :
(ca hazmodialysisy B - 6.4 ) 2 o J
¥

difference was small, serum samples taken inthe morning from six normal -
Subjects all gave higher erythropoietin values than serum samples taken . -

Serum samples obtained from 37 patients with iron deficiency anaemia _
showed dn increased erythropoletin level of 32.3 mi fral. This was signifi. - :
cantly different from the normal male and female levels, with-a p-value - - .. i
of < 0,001, Samples of serum from a series of patients undergoing repeated

‘phlebotomy as part of their 'treatment. for polycythaemia or-haemochromatosis

U
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were assayed and the results are also presented.in Table I, The erythro-
poietin levels in these patients, as measured by radicimimunoassay, are
also. significantly increased over that seen in the normal individuals with
a p-value of < 06.001. z
' . The most strikingly increased. levels of immunoreactive eryibropoietin
observed were in severely anaemic kidney patients, either amephric patients
. .or patients with kidney disease undergoing haemodialysis. Although a few
of the patients with kidney disease did show detectable levels of erythropoietin
k. iiy bioassay, none of the anephric patients ever showed detectable erythro~.
. poietin Ievels in the polycythaemicmouse.assay. These results are thus
similar to that obtained with neuraminidase-treated erythropoietin, where,
_although the immunoreaciive erythropoietin activity is' retained,” the biological '
" activity in the polycythaemic mouse assay is-completely lost. No other . . - o
clinical material so far examined by the radioimmunoassay for erythropoietin - ) !
has given such high results as that observed in patients with kidney disease - i Cod
with the exception of three out of four patients diagnosed as having chronic . T i
*  lymphatic leukemnia, who also showed similarly high values. - - . L
Generally, plasma or serum from anaemic individuals give-higher .. . . o
immunoreactive erythropeietin levels than that obaerved in normal subjects.’ '
© Although, as yet, no strict correlation has been obtained with sera which
fall within the biodssayable range. .In thése samples the erythropoietin
level, as determined by the radioimmunoassay, is not as high as the -
bioassay would indicate. In some cases this difference may be greater than
a factor of 16, In this respect, atiempfs so far to validate the radioimmimno~
assay with the existing bioassay for erythropoietin have been disappointing. .
- Not only are there examples of high immunoreactive erythropmetm with L . i
no bicassayable eryihropoietin, as geen in the anephric patient, but many ’ o T
of the anaermic sera ere Hot nearly as high in the radicimmunoassay as the
L s _ ‘bioassay would indicate. Perhaps thé work of certain investigators con~
o cerning the existence in plasma and serum of inhibiting or enhancing factors . o
- may bave a bearing on this point [17]. In the bioassay for erythropoietin - : ‘ ) ;
such factors could express themselves by modifying the biological activity :
of erythropoietin molecules; whereas, a radiclmmunoassay for erythropoietin
would be correlated only with the number- of erythropoietin raolecules present
in the sample. The possible existence of various erythropoietin molecules
‘or various forms of one. erythropoietin molecule by aggregation or fragmen. -
tation must also be considered. In this respect, Dukes et al. [ 18] have
observed great differences in the bmlogtcal activity of various erythropoietin
preparations when compared in the polycythaemic mouse assay with an in-
vitro system measuring '*C-glucosamine incorporation into rat bone marrow
-cells, and an in-vitro system measuring the incorporation of 59Fe into. haem
of rat bone. marrow cells. .
¢ _ ‘Evidence supporting the identity of that immunoreactive material in -
plasma or serum with the erythropcuetm standard can be obtained by showmg
) . -that the slopes of the radicimmunoagsay-curves obtained by both materials -
.. . are’parallel; indicating that both materials react with the antibody with the
.same affinity. "In Fig.2 are presented the results. of halving dilutions of high
immunoreactive erythropoxebn serum samples obtained from anephric -
patients or patients with iron defimency anaemia. Some of these sera have g o i
‘been treated using the acidxﬁcauon-heatmg “procedure described in the method- ' : . ) i
for the preparation of the labelled erythropoietin. The curves generally show :
a para]lel relationship with the lat international reference preparation of
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. FIG.2. Dilution-respomse curves of anephric and fron-deficient sera comipared with the 1st intemational

human erythropoietin. This is interpreted as evidence supporting the -
hypothesis. that the material in these sera which inhibits the binding of labelled
erythropoietin t6 its antibody is the erythropoietin molecule itself, Although
not presented in the figure, the addition of rabbit or sheep erythropoietin up
{0, concentrations of 1000 mU/ml did not result in any inhibition of the binding
of 1abelled human erythropoietin to the antibody, thus supporting the existence.
of some molecular differences in the erythropoietin molecules of these
species from human erythropoietin,: ) L S
In spite of the evidence presented supporting the identity with erythro--
poietin of that material measured in plasma or serum by the radicimmuno-
assay procedure, it was hoped that further evidence would be gained if it
were possible to show that physiological manipulation of the normal indi-
) . vidual would produce the expected changes in immunoreactive erythropoietin,
. . InFig.3 are presented erythropaietin values throughout a bleeding an@
tranefusion study in a normal individual. The withdrawal of three units of D
s " blood over a three-day period reduced the haematocrit from 48 to 34.5%.
B - The radicimmunoassayable serum erythropoietin level increased from 3.7
to 8.9 mU/ml following the bleeding, and then decreased following the return
.of the blood, Bioassay of these seram samples in-polycythaemic mice did
" not result in any significant increase in radioiron intorporation in red cells,
However, as shown in the lower frame of Fig.3, the bioassay of 24-hour
. cohicentrates of the urine resulted in a mirroring in the urine, by bioassay,
- of the same relative picture as observed by the radicimmunoassay of the -
- serum. : : S
Finally, the radioimmunoassay has been used to monitor column
effluents, In Fig.4, 8 mg of a crade buman urinary erythropoietin extract,
. with a tracer amount of the immunologically purified human erythropoietin
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FIG.3. Plasma erythropoietin values in a‘normal individval during and following bieeding and tramsfusion,
The bar graph in the lower frame indicates the percentage of “Fe incorporation in polycythaemic mice
following the injection of 4 0.5 m] urine coucentrate per mouse (equivalent to . $-hous eollection of urinej.

added, was placed on a G-200 Sephadex column. In the lower frame (b)
it will be noted that, whereas most of the protein oceurs at the void volume,

the labelled erythropoietin forms a symmetrical
1.8 times the void volume. [In the upper {rame (

peak at approximately
a) both the biological -

activity, as measured by the radioiron incorporation into red cells of poly-
q . cythsemijc mice and the immunological activity, as measured by the radio- -
- immunoassay, oeccur in the same area of the elution pattern as did the tracer

amount of labelled erythropoietin,

One of ihe most distirbing and, at the same time intriguing observations

presented here, is the extremely high radicimmunoassayable erythropoietin -
" concentration observed in the serum of severely anaemic anephric patients.
At the same time no bioassayable erythropoietin is present in this serum..’

s

Although not conclusive, the best evidence is that the kidney normally is-
(the mair source of erythropoietin, At the same time extraction of lddney - -
tissue has been disappointing in supporting this conclusion. i
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FiG.4. Human urtnary erythropoietin with a tracer amount of labetled exythropoictin added and placed
on a 30 ¢m X 2.5 cih G-200 Sephadex column and eluted in 3-mi fractions. .

It would Seem consisient with the above obaervation that biclogically
inactive, but immunologically reactive, erythropoietin may be prodaced
elsewhere in the body, and that the role of the kidney may be one of activating
this material. This activation ¢could occur by an enzymatic addition of sialic
acid to a biologically inactive asialoerythropoiefin or possibly by an enzy-
matie cleavage of a biologically inactive pro-erythropoietin, both of which -
could be immunclogically active in the radioimmunoassay. Such an enzy- ) S
matic mechanism may be depressed in the polycythaemic mouse used-for Lo : =
‘the bioassay of erythropoietin. o L

SUMMARY

" A radicimmunoassay for ‘humian’ erythropoietin has been developed using
apurified human urinary erythropoietin preparation and an anti-erythropoietin.
antiserum prepared in rabbits.- The erythropoietin used for labelling with.
1257 was freed from somie contaminating protein by G-150 Sephadex gel
filtration after first absorbing with an sntiseram prepared againgt normal
. human urinaxy protein. The erythropoietin peak was then combined with
H an’anti-erythropoietin antiserum and again placed on t_he Sephadex. column,
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The labelled erythropoietin y-globulin complex, thus separated, was dis. . - :
| . sociated by an acidification-heating procedure which freed the labelled - | o . ) i
5 : erythropoietin, By using the double antibody technique, this labelled-erythro- ’ :
: e "poietin was then used in a radmlmmunoassay of human erythropoietin with
P _° 'the Ist international reference preparation as a standard. This radio-
e immundassay for human erythropoietin {s more sensitive than the standard
bicassay for humen ery ythropoietin by a factor of approximately 10, Wit this
) . radioimmunoassay scheme sera from normal individuals always give low
T .0 values with an average for a large series of males of 4,9 mU/m] and females
C of 4.3 mU/mi, Sera from anaemic individuals always give higher values,.
although usually not as high as the bioassay would indicate. Sera from
anephric patienis gave very high erythropoietin levels by the radioimmuno~
v assay; -whereas, those same sera show no activity in the bicassay for
' erythropoietin. The significance of the radmnnmunoassay in its apphcatmn )
‘to this clinical material is d:.scussed‘
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T ' DISCUSSION .
) P. Mary COTES: I would like to congratulate you, Dr. Garcia, on .

your excellent use of the highly purified erythropoietin from Dr. Espada.

It is relatively easy to suggest explanations for the. high radioimmunoassay
estimates obtained with sera from anephric subjects and those with renal
disease, -both of which groups have low levels of serum erythropoietin

(< 50 mIU/ml) undetectable by bioassay. 1 am disconcerted by the low
radioimmuncassay estimates (32 mU /m1) obtained with sera from patients

" with iron-deficiency anaemia, who presumably showed relatvely lngh levels
of serum erythropoietin by bioassay. . R

Also, i wonder how one explainsg the fmdmg. by radmu:nmunoassay.
of essentially identical levels of serum erythropoietin in patients with.
polycythaemia rubra vera and those with secondary polycythaemia. We -
might expect to find higher levels in the latter group.

Finally, 1 would like to ask how much radieiodinated erythropmetux )
suitable for use in assays you obtained after purification of each S ug porix.on
(40 IU) taken for radioiodination.

J.F."GARCIA: 1, too, am disappointed in the low radioxmmunnassay
values which 1 have generally observed in anaemic individuals. However,
as a group, the iron-deficiency anaemias are perhaps closer in tadlmmmuno-
agsay activity to their biological activity than most.

Regarding the polycythaemic patients, one would certamly expect the
polycythaemia rubra vera patients to have lower values than the secondary . '
polycythaemia patients. In fact, the first two polycythaemia robra vera
patients I examined were in the low normal range. Additional studies,
however, brought the average up to the figure that I have shown. I should
point out that all the polycythaemic patients were at various stages of
treatment by phlebotomy.

Finally, as regards the immaunological purification of the labelled
erythropoietin the amount of labelled material- recovered in the final step
ig in the neighbourhood of 5 - 10%.

L Rosalyn 5. YALOW: The values in the a.nephric subjects are so high
that it should be possible to fractionate on some -system, perhaps Sephadex
gel, in order to determine the mununoactxvxty in regmns other than that
known for intact. hormone. -
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J.F. GARCIA: Yes, I agree, and I have infactalready begun soch
studies using Sephadex. However, not all the fractions have been assayed
as yet, 801 am unable to comment further. s

'L.E.M. MILES (Chairman) Urinary colony-stimulating factor {s
‘apparently physico-chemically similar o erythropoietin, I am wondering .
whether it contaminates or cross-reacts in your very elegant purification

- and assay procedures, .do you know by any chance? ’ ’
J.F. GARCIA: No, I am sorry I do not. ’
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