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Erythropoietin (EPO) is a glycoprotein hornone whi ch stinulates the
maturation of erythroid precursor cells and thereby regul ates the
producti on of erythrocytes in mammals. The purification of human EPO
10 (hEPO and the cloning of the EPO gene have.led to the

comerci al production of reconbinant hEPO" whi-ch has been
successfully used in the treatnent of patients mnth anen1a due to
renal failure, and is cli nHéaliRo U AN i LR MLLEQAARR  of ot her
anem as. Present nethods of 1§ ROPORETIN BIO2 ) aIIy active EPO
in a sanple, for exanple a dr ug or mu at1on, are cunbersone,
expensi ve and time-consum ng. The present invention provi des a safe,
rapi d and rel apEziy OmeRRENEINVENTEDRO of measuring the in vivo
bi oactivity of EPO, and kits 20 for nmeasuring EPO bioactivity.
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Al DS, rheunmat ocdmmercial production of recomblnant hEPO, which has
been successfully used in the treatment of patients with
anemia due to renal failure, and is clinically useful in
the treatment of other anemias. Present methods of
15 guantitating the biologically active EPO in a sample,
for example a bulk drug formulation, are cumbersome,
expensive and time-consuming. The present invention
provides a safe, rapid and relatively inexpensive method
~ of measuring the in vivo biocactivity of EPO, and kits
20 for measuring EPO bioactivity.

BACKGROUND OF THE INVENTION

EPO is a glycoprotein hormone which stimulates

25 the proliferation, differentiation and maturation of
erythroid precursor cells to mature red blood cells.
EPO has been purified (Miyake et al., (1977) J. Biol.
Chem. 252: 5558) and molecularly cloned (Lin et al.
(1985) Proc. Natl. Acad. Sci. USA 82: 7580), and

30 recombinant hEPO has been used successfully in the
treatment of anemia due to end stage renal disease.
Clinical use of EPO has also been reported in the
treatment of anemia associated with AIDS, rheumatoid
arthritis, hematological malignancies, and prematurity,



arthritis, hematol ogi cal malignancies, and prematurity,
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Glycosylation appears to play a role in

solubility, biosynthesis and secretion of EPO, and in

15 vivo metabolism of EPO. The in vivo metabolic role of
glycosylation, and in particular the presence of sialic
acid, has been investigated. It has been denmonstrated
that urinary and recombinant desialylated EPO lose jin
vivo activity due to rapid hepatic clearance. From

20 these and similar studies it has been determined that
sialic acid caps the penultimate galactose residue and
thus protects EPO from clearance hy hepatic
asialoglycoprotein (galactosyl) receptors. Accordingly,
loss of terminal sialic acid residues from the

25 oligosacqharides of EPO exposes the galactose residues,
resulting in rapid clearance of desialylated (also
referred to as asialylated) EPO from the plasma via
binding to the hepatic receptor.

Although desialylated EPO is essentially

30 biologically'inactive in vivo dQue to its rapid
clearance, its bioactivity is maintained in established
in vitro assays. Standard assays for determining
biocactivity of EPO in vitro include measurement of
incorporation of tritiated thymidine by splenic



in vitro assays. Standard assays for determ ning bi oactivity of EPO
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contains a sxgn1f1cant amount of desialylated EPO, the

15 in vitro assays would provide an overestimate of the in
vivo activity. Accordingly, in vivo assays are used to
measure the in vivo activity of EPO. Specifically, EPO
activity is measured by incorporation of ®®Fe into

- erythroblasts of polycythemic mice (Cotes et al. (1961)

20 Nature 191: 1065) or starved rats (Goldwasser et al.
(1975) Methods Enzymol. 37: 109).

In a currently used assay which is a
modification of the procedure of Cotes et al., female
mice are exposed to hypobaric pressure for fourteen

25 days. Endogenous red cell formation is suppressed by
the polycythemia produced through exposure to reduced
pressure. As the polycythemic state persists after
hypoxia, any new red blood cell formation is
attributable to the administration of exogenous EPO.

30 The test samples and EPO standards are then injected
subcutaneously into the conditioned mice. Forty-eight
hours after EPO injection, ®®Fe is administered. Blood
samples are drawn after another forty-eight hours, and
radioactivity is quantitated. The quantity of



subcutaneoUst into the conditioned mce. Forty-eight hours after EPO
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radi oactivity is directly proportional to the injected dose of
standard EPOQ, the in vivo activity of unknown sanples is cal cul ated
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i ncubating the The present invention provides an in vitro
method of quantitating the in vive activity of EPO which
overcomes the disadvantages of the ptior art methods.

15 SUMMARY OF THE INVENTION

The present invention is directed to an jin
vitro method for determining the in vivo EPO activity of
a sample containing EPO. More particularly, the present

20 method comprises treating a sample containing EPO under
conditions which remove desialYlated EPO, and measuring
in vitro the EPO activity of the resulting treated
sample. 1In a preferred embodiment, desialylated EPO is
removed from the'sample by incubating the sample with

25 cells of the human hepatoma cell line HepG2, and in
vitro EPO activity is determined by incubating the
treated sample with cells of an EPO-responsive cell line
and measuring the proliferation or viability of the EPO-
responsive cells.

30 Another aspect of the invention provides a kit
which comprises a first container containing cells which
express the asialoglycoprotein receptor, and a second
container which contains EPO-responsive cells. 1In
‘another embodiment, the kit further comprises a third



treated sanple with cells of an EPO responsive cell |ine and

measuring the proliferation or viability of the EPO re '
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whi ch conprises a first container containing cells which express the
asi al ogl ycoprotein receptor, and a second cont ai ner whi ch contai ns
EPO responsive cells. In anot her enbodi nent, the kit further
conprises a third - b5-

container containing a viability indicating d&e; such as

3-[4, 5-di methyl thiazol -2-yl]-2,5-di phenyl tetrazolium brom de (MIT).
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condi ti ons which renove desi al yl ated EPO, and neasuri ng : in vitro the
EPO activit% of the resul t.ing. tre Ihe present invention
is particularly ¥3éfe Vo activity of EPO

formul ati ons 15 I ntended for clinical use. In vitro EPO
activity i's defined as thesyl ldlasdh spvenelofiUla! f:kbeeaeokd graljrpn of
viability, in vitro, of elTs i'ch express a functional
EPO-recept or, foritro meshednfor cleterminingcthesin ¥dves EPRs agtiMidse #D0
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the prolifdPati oRe&hog j§es treating a samp g
conditions which remove desialylated EPO, and measuring
in vitro the EPO activity of the resulting treated
sample. The present invention is particularly useful in
‘determining the in vivo activity of EPO formulations
15 intended for clinical use.

In vitro EPO activity is defined as the ability to
stimulate the proliferation or viability, in vitro, of
cells which express a functional EPO-receptor, for

: example, erythroid precursor cells. As discussed
20 hereinbelow, both sialylated and desialylated EPO are
active in vitro. JIn viveo EPO activity is defined as the
ability to stimulate the proliferation of erythroid
precursor cells in vivo. Desialylated EPO is considered
herein to be essentially inactive in wvivo due to rapid
25 hepatic clearance. '

' In accordance with the present invention, an
EPO-containing sample can be particulate or liquid, and
preferably is serum or plaéma, cell culture media,
purified or partially purified recombinant EPO, or an

30 EPO formulation intended for clinical use, stability or
formulation studies.
According to the present invention, the EPO-
containing sample is treated under conditions which

remove desialylated EPO. Desialylation of EPO results



precursor cells in vivo. Desialylated EPO is considered herein to be

essentially inactive in vivo due to rapid 25 * hepatic clearance.
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(1989) Proc. cells which express the 551aloglycoprote1n receptor.
The cells may naturally express the asialoglycoprotein
receptor, or may be engineered to express the receptor
15 recombinantly. - For examble, fibroblasts transfected
with cDNA encoding the HL-1 and HL-2 subunits of the
asialoglycoprotein receptor express a functional
receptor. Transfected fibroblasts expressing the
recombinant asialoglycoprotein receptor can be obtained
20 by following the procedure of Shia et al. (1989) E;ms;,L
Natl. Acad., Sci. USA 86: 1158.

In a preferred embodiment, desialylated EPO is
removed from an EPO-containing sample by incubation with
cells of the human hepatoma cell line HepG2 (ATCC No. HB

25 '8065), which are known to naturally express a functional
asialoglycoprotein receptor at high density (see, for
example, Lodish, (1991) Trends in Biochem. Sciences 16:
374). The HepG2 cell line is described by Knowles gt
al. (1980) Sgcience 209: 497 and in U.S. Patent 4,393,133

30 to Knowles et al.

Appropriate conditions for incubating the EPO-
containing sample with cells which express the
asialoglycoprotein receptor can be determined by the
skilled artisan and may vary depending upon the cell
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15 In order to confirm that desialylated EPO has
been removed either by affinity chromatography or
incubation with cells expressing the asialoglycoprotein
receptor, EPO can be subjected to desialylating

. conditions. Chemical and enzymatic methods for

20 desialylation are known to the ordinarily skilled
artisan. Briefly, EPO can be chemically desialylated by
heating at 80°C for 60 minutes in 0.1 mol/L HCl.
Desialylation can also be accomplished by incubating EPO
with immobilized neuraminidase. Specific conditions for

25 desialylation of EPO are described by Spivak et al.

' (i989) Blood 73: 90. An analysis of EPO before and
after desialylation, for example by isoelectic focusing,
can be used to determine whether sialic acid has been
removed. _

30 Following treatment of the EPO-containing
sample to adsorb desialylated EPO as described above,
‘the EPO proliferative activity of the treated sample is
assessed.. As described above, the term "treated sample"
refers to a sample which has been treated to remove



20 desialylation are knowmn to the ordinarily skilled artisan.
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general | y deri vimcXudenexythpraibd prbgendftor cells freshly explanted
from hematopoietic organs, established cell lines which

15 naturally express EPO receptors, and established cell
lines which have been engineered to express the EPO
receptor gene. Cell lines which natufally express EPO
receptors are generally derived from malignant cells of
tumor-bearing animals. For example,'murine erythroid

20 cell lines have been established from erythroleukenmic
mice infected with the Friend leukemia virus complex or
the Rauscher leukemia virus complex. Human cells lines
have been established from leukemic patients. Other
cell lines have been engineered to produce large numbers

25 of “EPO receptors and to require EPO for survival by
introduction and expression of the EPO receptor gene.
EPO-responsive cell systems are known to the ordinarily
skilled artisan and have been reviewed by Koury et al.
(1992) Eur. J. Biochem. 210: 649.

30 In a preferred embodiment, the EPO-responsive
cells are cells of the multipotential hematopoietic |
progenitor cell line B6SUtA described by Greenberger gt
al. (1983) Proc, Natl, Acad. Sci. USA 80: 2931. The
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Hermatol . 17: 1023ndgdesqgn} %Epéq%t?m @, oY Krystal, i 3983 s are
i ncubat ed wi th EERpcoHematolg tXisi 649 andaDpwis et gilcr (uosen Expie wel | s,
typically r 22 hout.s, 7 | Ldifi. a ere of
59 err] éﬁd Hg'mgﬁ}?f‘a:il'ZS #9% a’fée%i%% ?ﬁé%ghgéggﬁ t%go I nal 15
concentration of respansive [Aekl<iane| incukbatedwihgha FPO-contadaingofeistt wo
hour i ncubati on, gaglid) & NireMirsteiter pl&et! GELEE Oﬁyg,!i@%_aly ok Ri2l ters

e Lo 02t LU at 37 Y FunkfalFESY SEnBYpheL o' S¥cB] and
95% air. Tritiated thymidine is added to a final
15 concentration of about 0.1 uCi/well. Following an
additional two hour incubation, well contents are
collected on glass fiber filters and the radioactivity
recovered is measured by scintillation spectrometry.
~ Por standardization, the amount of radioactivity
20 incorporated into DNA is plotted versus the EPO activity
in nmU/ml. | '

In a preferred embodiment which avoids the use
of radioactivity, proliferation of EPO-responsive cells
is measured spectrophotometrically through the use of

25 the dye MIT (3-[4,5~dimethylthiazol-2-yl]-2,5-diphenyl
' tetrazolium bromide) (Mossman, 1983, Immunological
Methods 65, 55). MTT is a yellowish color in solution,
and is converted to dark blue/purple water-insoluble MTT
formazin by mitochondrial dehydrogenases of living

30 cells. The blue crystals are solubilized with acidic
isopropanol and intensity is measured colorimetrically
at 570 and 690 nm. Accordingly, the amount of MTT
converted to the colored formazin is a direct measure of
cell number which is an indicator of cell proliferation.



For standardi zation, the anount of radioactivity 20 i ncorporated into

DNA is plotted versus the EPO activity in omJm. I'n a
preferred sgﬁﬁg#gent whi ch avoi ds the use of radi oactnm§96/15049
prollferéy EPO responsi ve cells i s nmeasured
spectrophotonetrically through the use of 25 the dye MIT

(3-[4, 5-di net hyl t hi azol -2-yl]-2,5-di phenyl tetrazolium brom de)
(Mossnen, 1983, | munol ogi cal - Methods 65, 55). MIT is a yellow sh
color in solution, and is converted {g dark blue/purple

wat er -i nsol ubl e HTT formazin by m tochondrial dehydrogenases of

living 30 CK! bampatiad ¥ ¥ne GPSicdE &é’ﬂlé’i’tiééedf\/\hhﬁnéﬁhgl €o
i sopropanol an |ntgn5|t | s measured col orinmety 570 ind 690

nm A@cordlngl§taﬂﬁér5ﬁb&ﬂ ysedytp cal °“¥ﬂﬁﬁm?%8§°?b¥?ﬁeaEBF8F§H'fo Razin

is a direct negspireferred enbud inentperhehtréated asanplie cisoincubatied
proliferation. A

conpari son of YhEPFER Hespangive Lok 1% /i M. sts OfsPaﬂégFgg'lFserused
to calculate bpmhmg¢ﬁdrenhouht56 50 hoursaaprafe€r én anhunidified: he

Lreated Sampl oqkiBHuY b sxco i EPOY SEPONSinie 5! Lheh"abiRared o of

amcrotiter 5 out urs at err] hum di fi ed
at nosphere of 99&%{&*¥H1zﬂﬂﬁSﬁﬂﬁ%ﬁﬂte¢ﬂﬁ°FstVﬂehoﬁﬂleBtt37 + each wel |

and incubat ed %3'1160&1&1;3%&1\%1ﬁi7ﬁtion ofothevbhgeserybithlsgt opticdalt he

bl I d

det or i hod by 980S 16k Areasruted) Sh BEFCAEEE 8L, o5, adEerinkd by
sanple 10 teompaxfingtthelarel L ununbets Tpreducedebyi anl ynknown_ Sazpled| e,
as are Kits WOLED SOHRS bidadl® Aifve. | wrfOLUbLbhfgkaa1ag vl on (AT

Kit, Pronmega rpar ation) I'n-a | cator dyes
such as XTT 1Sava1(13!kae(1a§ (mrﬂyiﬁm“b}éarsenyp}nswt 8¥ea B4 un) - bi s(4-
met hoxy- 6- ni t r gb IR ESEL SPsS1@€i6n PRETURLEG! Proséda Corporation).

In addition to MTT, other indicator dyes such as XTT

15 (3,3'~(lf((phenylam1no)carbony1)-3,4-tetrazolium)-bls(4-
methoxy-6-nitro) benzenesulfonic acid, sodium salt) and
MTS (3-(4,5-dimethylthiazol-2-yl)-5~(3~
carboxymethoxyphenyl)-2-(4-su1fopheny1)-2H-tetrazoliun,

* inner salt) may be used for the same purpose.

20 ' In a preferred embodiment of the method of the
present invention, desialylated'EPo is removed from the
sample by incubating the sample with cells of the human
hepatoma cell line HepG2, and in vitro EPO activity is
determined by incubating the treated sample, i.e. the

25 supernatant from the HepG2 cells, with cells of an EPO-

' dependent cell line, and measuring the proliferation or
viability of the EPO-dependent cells. In a most
preferred embodiment which is exemplified hereinbelow at
Example 1, the EPO-dependent cell line is B6SUtA and

30 cell proliferation or viability is measured
spectrophotometrically through the use of MIT.

It has been found in accordance with the present
invention that the jin vitro affinity of the
asialoglycoprotein receptor of HepG2 cells for



MIS (3-(4, 5-di nethylthiazol-2-yl)-5-(3-

car boxynet hoxyphenyl ) - 2- (4- sul f ophenyl ) -2Htetrazol i um ' t)
may be useWQ‘%Fu?"f% same purpose. 20 In a preferfg g‘r{tl)?g? ment
of the method of the present invention, desialylated EPOis renoved
fromthe sanpl e by incubating the sanple with cells of the human
hepatoma cell line Hep&, and in vitro EPO activity is det er m ned by
i ncubating the treated sanple, i.e. the 25 supernatant fromthe Hep&
cells, with cells of an EPO depend&ntlc&l| line, and neasuring the

proliferation or viahi | jty of_.the, EPO dependent,cel.ls  .ln :
preferred enboo‘i’ﬁ%h?lwerEﬁgi g@eﬁéﬁ?‘f?%ﬁe&r%ﬁﬂbﬁfo#& 40 ﬂl%%%if
the EPO dependest gaplid clearardiSdf desislylatedl EPPr.ol Flstiergn iy has
viability is nmeasure ec h i . QM0 : MIT.
It has been fouﬁﬂef‘ngggggr§ ce Véf’g %ﬁgﬁ%ﬁ-é;&%ix &met&n\ggtr‘\-l??c}ﬁte‘r%gothe
in vitro affini égnofindnee proliferabioycofrBPerrnesponsive celldp cells

for g - degndletert dbECE eof CEhé VELESENE Ghvieitildh Vi VO
function of rapid clearance of ‘desial ;at ed EPQ. Fuyrther, it has,
been found t hat PEEVRAES fukd trkfT IRFEFMLBARG) FRSEAD Yive EFO achiddty

proliferation opfEROsagpneTiomtaining BPO. In one embodimemtssihs laft t he
present IVEN B0 compagtoRNIEE fuk ol ShofFlE I BiBks! Borhihel®, 7O
i s conpart ment atbnedind ngecehis a:t_iichtexpneas nthe asialogliysiopnofedidi | s
whi ch oG ns ERpEBLBLS0 UL Hdtdnd ‘ponthERER GhicRICoRRANR Brc! 7 2¢1
cells whi érpengeats asld sisi oFBgR yREREETERA PBOOSEZENY . theygells
cells and the EgRjeapesdfitsssadné &&fabo§iyéopebteéinl teceptoraaiiehdlepG2
enbod ment., thecﬁ'l&sf ‘ér:}é‘ %heccﬁ%léeegegdtem:rgells are B6SUtA cells. 1In
another embodiment, the kit further comprises a third
15 container which contains MTT.
The following example further illustrates the
present invention. The invention is not to be
considered limited by these examples, but only by the
appended claims.
20
EXAMPLE 1

.HepG2 cells are grown in 100 mm tissue culture
plates until confluence is reached. At this point the
25 cells are washed with phosphate buffered saline,
trfpsinized to detach them from the plate and a 0.25 x
10° cells/ml suspension in cell culture medium is made.
One ml of this suspension is added to each well of a 24-
well tissue culture plate. Three days later the HepG2
30 cells are ready to be used in an EPO assay.
Each well containing HepG2 cells is washed five
times with phosphate buffered saline (PBS). After the
PBS is entirely removed, 100 ul of medium (Dulbecco’s
MEM containing 10% fetal calf serum and glutamine) is



15 cont ai ner which contains MIT. The foll ow ng exanpl e

further illustrates the present invention. The invention is not to be
con5|deraWd§dﬁﬁg§lby t hese exanples, but only by the PCPPEYIS049

cl ai ns. EXAVPLE 1 Hep&X2 cells
are gromn in 100 mmtissue culture pl ates until confluence is
reached. At this point the 25 cells are washed with phosphate buffered
sal i ne, trypsinized to detach themfromthe plate and a 0.25 x
10[err] cells/m suspension in cell culturg,mediumis nade. One m of
this suspension is added to each well of a 3 wel |l tissue culture

plate. Three da&%éaak%r é.-m 'zPetﬁZ 3Gn EﬁG'ééaﬂ&&r&eéﬁ‘v&Oxgehﬂgega’tgdan

EPO assay. contal nin I S was Ive

tinmes with pho?Nh&taé‘lm @&?%QQW?’F%) Stﬁ&‘@éth At 10 U/mpbpands entirely

removed, 100 [@inkitishg disiewd idirE asy smixing Mo gonbai 8268 46%utibal
cal f serun1and -

o (aBaf bl Y, debarate, vekd o, .The, GeLhs.Blpe ERP sqlufions |

t aki ng an5EPO aefec imubagtesh ek might) aknB750din a 5%3dCoOyt hight his

two-fold by ”‘ﬁ Q%bd’ 4ﬂﬁégr gﬂf@QLukheﬂbaga?gaagﬂgdsegﬂ§a§?parate

well. The cells overni 37[err]C
in a 596CI{errqu%ﬁ1is PreRﬂRﬁQMQX'¢¥kﬁ§&9€rthﬁfHQPG?HEHQQFFGnS Uml

standard sHAn@AYS ﬁ»@qraca b Ghéaiuﬂgtbheibepﬁht o2al edoiuuﬁ@n

standard five-fol mto give a h treated
sanple is dI|uF@ﬁ%i qé%%féﬂ?ﬂﬂﬂﬁ%l b}9§e§0§8 g@églﬁﬁtﬂﬂdbug anﬁive
sol utiongo Theeytmnkﬁuﬂsauﬁiuxu&ﬂsslutionsareThhestanddydéoanuhsamples

proliferation %%%ﬂﬁhéﬁ fﬂ&&? for the proliferation assay. At about

the same time that the standard and samples are added to
the HepG2 cells, B6SUtA cells are prepared for the
proliferation assay to be started the next day. These

15 cells have been growing in medium (as described above)
and supplemented with 20 ng/ml IL-3; passaged twice per
week at a 1:20 dilution. The cells are prepared by
washing once with medium and reconstituted to the
original volume in medium without IL-3. The cells are

20 incubated overnight in 100 mmnﬁlates (37°C, 5% CO;).
After incubation, the cells are washed again in medium
and resuspended at a final concentration of 1 x 10°
cells/ml. Using a 96-well tissue culture plate, 50 pul
of B6SUtA cells are mixed with 50 ul of each EPO

25 stahdard and sample. The plate is incubated 48 hours at
37°C in a 5% CO. incubator.

Cell proliferation or viability is measured with
the MTT Kit from Promega Corp. The amount of MTT
converted to a colored formazin is directly related to

30 the number of cells. The procedure, in brief is as
follows. Twenty pl of MTIT dye (Promega Corp.) is added
to each well and incubated for 2 hours at 37°C. Then
100 pl of the Solubilization Solution (Promega Corp.) is
added to each well and incubated at room temperature



the same tine that the standard and sanples are added to the Hep&

cells, BGS Izés% are prepared for the proliferation pggRIsokPsoles
started the nex?l ay. These 15 cell's have been growi ng in nmedium (as
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wi thout I1L-3. The cells are 20 I ncubat ed éer_ni ght in 100 nm plates
(37[err]C, 5% CJerr]). After incubati the cells are washed again
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usual Iy 1-4 hourdd tRalepiateds vajues: ofy 31?9 Standards rangiB@einat O D.
570 nm and 0690 mnn&aa:natwnt from 0-1000]aite il mwmpmaﬁhaert‘aﬁenunber

of cells produc kno l.e to th EPO and
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concentration fromO-1 determn
hen the same standards are assayed for

15 proliferat1ve activity in the absence of pre-incubation
with HepG2 cells, similar results are obtained, as
presented in Table 2. These results indicate that the
HepG2 cell treatment does not sxgnifxcantly affect the
EPO standard curve, .

20 Samples with known and #arying amounts of
desialylated EPO were assayed by the present method and
also in the absence of pre-incubation with HepG2 cells.
As can be seen from Table 3, samples containing
significant amounts of desialylated EPO induce a greater

25 proliferative response before incubation with HepG2
ceils (R2) than after incubation with HepG2 cells and
adsorption of.desialylated EPO (R1). Table 3 also
provides the expected quantities of sialylated (intact)
EPO and the values calculated from the optical densities

30 obtained in accordance with the present method. As can
be seen from Table 3, the present method is highly
accurate in quantitating the amount of sialylated (i.e.
in gixg active) EPO in a sample.



above conditions. As can be seen fromthe cal cul at ed val ues, the

nmet hod of the present invention provides an ° accurate neasurenent of

t he EPO ﬁ;{ﬁggﬁ{ﬁ When the sane standards are XRETAPEIIYP 15
proliferaltv ivity in the absence of pre-incubation with Hep&
cells, simlar results are obtained, as presented in Table 2. These
results indicate that the Hep& cell treatnent does not significantly
af fect 't he EPO standard curve. 20 Sanmpl es with known and
varyi ng amounts of desi al yl ated EROyere assayed by the present

met hod and ~also in the absence of pre-incubation with Hep& cells.
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- 14 - The present invention has been described herein W th
reference to certain preferred enbodi nents and an exanpl e. Since
obvious variations will appear to those skilled in the art, the
invention is not to be 5 considered limted thereto, but only by the

cl ai ms which fol | ow.
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Activity of S Fol | ow ng Pre- Incubatlon W t

St an- ﬁbm&g aD Mean Std. ga'pﬁg

Val ue Dev. ’ VaI ue STDOO 1000
mynmi. 1.304 1.336  0.029  2.151 -Bu2. 9

1.359. 1080 _ 1. 346
1044 STDO1 900.0 mJm. 1.244 1TABLE 1 0. 057 4.494 824. 6
1.233 805. 6 1. 337

1021 STDO2  800.0  nmUni 1. 228PO AdviéPof StaRd@Rls 2. 951  788.9

1. 215 Followm_g: %ngncubatzon with HEPGZ Cells 1.232
896.4 STDO3 700.0 mJ ni™. . - 410 659. 9

1.143 Stan-  Std. 672. 6D Mean Std. cv Cale. 1. 206
761.7 STDO4  600. @ard niWabe 1.114  1.109  O0.MA&9 . 1. 713 Value636. 6
1.088 606. 6 1.125
649.9 STDO5  500. BTDOO niN0G0 . GFAL 1.303. 963336 0.00B8  2.351488 942.9483. 5
0. 933 460. 5389 1080 1. 000
517.8 STDO6 400.0  mUni. 0.827 134@ 846  0.025  2.9501044 383 0
0.874 415. 0. 836
339.0 STDO7  300. §TPOT i 040 alEmh "46 684271 0. 0PF7 44944148246 300 1

0. 704 307. 4333 805.6

1.337 1021

STD02 800.0 mU/ml. 1.223 1.240 0.037 2.951 788.9

1.215 775.9

1.282 896.4

STDO3  700.0 mU/ml. 1133 1L.161 0.040 3.410 659.9

1143 672.6

1.206 7617

STDO4  600.0 mU/ml. 1114 1.109 0,019 1.713 636.6

1.088 606.6

1.125 649.9

STDOS 500.0 mU/ml. 0.961 0.965 0.034 3.488 4831.5

: 0.933 460.5

1.000 5178

STDO6 400.0 mU/ml. 0.827 0.846 0.025 2.950 383.0

0.874 415.6

0.836_ 389.0

STDO7 300.0 mU/ml.  0.691 0.689 0.017 2414 300.1

0.704 307.4

0.671 289.0

STDO8 2000 mU/ml. 0477 0496 0.016 3.261 192.6

0.505 205.6

0.508 205.6

STDOS 1000 mU/ml 0269 0270 0002 0565 99,79

0.270 100.2

0.272 101.1

STD10 0.000 mU/ml. 0,093 0.096 0.006 6.720 <<<<<

. 0.091 : <<<<<

0.103 ' 10.30

SUBSTITUTE SHEET (RULE 26)



0.671

289.0 STDO8  200.0

0. 496 0. 016 3.261 192.6
205. 6 WO 98/12558 0. 505
STDO9  100.0 mJ L 0.269 0. 270 0. 002 0. 565
0.270 100.2 _16-
101.1- STD10  0.000 mJ nL 0.093 0. 096 0. 006
<L O 091
10. 30 ' TABLE2 .
TABLE 2 EPO t ho
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St d. cV Cai ¢ dard lonw:th EPG2 Cells
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13711
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1.186
1.191
STDOS 5000 mU/ml 1.071 1083 0011
1.085
1.093
STDO6 4000 mU/ml. 0917 0902 0019
0.907
0.881
STDO7 3000 mU/ml 0724 0744 0035
0.785
. 0.724
STDOS 2000 mU/ml. 0435 0455  0.017
0.464
0.466
STD09 1000 mUml. 0271 0281  0.009
0.288
0.285
STD10 0.000 mU/ml. 009 0097  0.003
0.095 .
0.100
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300.3
331.1
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1.340 ) _ . 770.6 STD0O4 600.0 mdm. 1.177
1.185 0. 599 592. 8 1. 18§
601. 0 W sarn2sbs 1.191 TUS9EAER
STDO5 500.0 mJnL 1.071 1. 083 0.011 1. 028 505.9
1. 085 516.4 -17- 1. 093
522.6. STD06  400.0 mJm. 0.917 0. 902 0. 019 2.061 403. 7
0.907 397. 8 TABLE 3 0. 881
382.8 STDO7 300.0 mJ 0724 0.744 0. 035 4.732 300. 8
0.785 uantithtibnlof In Sialylated) EPO 0.724
300.8 STD08 200.0 mJ m 9"673‘5‘#‘%‘%“'%2- ; 3.813 173. 6
0. 464 % Rl w R2wW/@3.R2 /Rl k=0.15 k=0.15 Expect- % 0.466
186.5 STDO® 100. @sialo millepG-2 OHEPG-2 Ratio 281Calculd). @dkula 3. 225 Accud04. 6
0. 288 " EPO mU/ml wmUmill2. 0 ‘ted ted Intact racy(Q. 285
110.7 STD10 0. 000 mJm. 0.096 0. OOintact OI@ge3 EPD 728 <<<<<
0. 095 0. 100 EPO EPO mU/ml 4.484
-17- TABLE 3 mUml QJant itation of
Intact (Sialylated) EPO % w, R2 w ol R2 /Rl 15 k=0.15
Expect- % Asialo G2 ”ﬁé‘b@ Q’sjﬁat iPs 8654 198, cd’f"&w ed0-%6
Accu- 1000  268.60 35280 131 25374 0.89 270.00 094

2000 26170 424.20 1.62 233.02 081 240.00 0.97

30.00  254.70 49420 1.94 21244 0.74 21000 1.01

40.00  217.60 55540 2.55 157.99 055 180,00 0.88

5000 21460 628.30 2.93 141.59  0.49 15000 094

60.00  213.40 693.60 3.25 128.66 0.45 120.00 1,07

7000 19230 75550 3.93 9291  0.32 90,00 103

80.06 19610 95990 4.89 6131 021 60.00  1.02

90,00  178.60 999.20 5.9 3379 0.2 30,00 113

100,00 150.80 1029.06 6.82 4.18 0.00 #DIV/

-0.01
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0.88 50.00 214. 60 628. 30 2.93 -144d. 59 0. 49 150. 00 0.94
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3. The method of Claim 1, wherein said in vitro
conditions which remove desialylated EPO comprise
incubation with cells which express an
asialoglycoprotein receptor.

4. The method of Claim 3, wherein said cells
express said asialolecoprotein receptor naturally or
recombinantly.

5. The method of Claim 3, wherein said cells are
HepG2 cells.

6. The method of Claim 1, where1n said in vitro
EPO activity is measured by incubating said treated
sample with EPO-responsive cells and measuring
proliferation or viability of said EPO-responsive cells.
» 7. The method of Claim 6, wherein said EPO-
responsive cells are B6SUtA cells.

8. The method of Claim 6, wherein said
proliferation of said EPO-responsive cells is measured
by determining an increase in DNA synthesis.

9. The method of Claim 8, wherein said increase
in DNA synthesis is measured by determining tritiated
thymidine incorporation.
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as to determ ne the in vivo EPOactivity of tht EPC> containing sanpl e.
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4. The nethod of claim 1, wher tion of said

EPO responsive cells is nmeasured by deterntnlng an increase in DNA
synt hesi s. 5. The nethod of claim4, wherein said increase in DNA
synthesis is nmeasured by determining tritiai t hyni di ne incorporation.
6. The nethod of claim1, wherein said prorlﬁ ration of said
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sai d sanpl e cont eithn@epG2 cells; (b) removing the supernatant from said
HepG2 cells; (c) incubating said supernatant with BeSUtaA
cells; (d) measuring proliferation of said B6SUtA cells;

15 and (e) calculating EPO activity.

13. The method of Claim 12, wherein said sample
containing EPO is incubated with said HepG2 cells for
about 15 to 20 hours at 37°C in a humidified atmosphere

~ of 5% CO; and 95% air.

20 14. The method of Claim 12, wherein said
supernatant in incubated with said B6SUtA cells for
about 46 to 50 hours at 37°C.

15. The method of Claim 12, wherein said
proliferation of said B6SUtA cells is measured by

25 incubating said cells with MTT and measuring the

' conversion of MIT to MTT formazin.

16. The method of Claim 12, wherein said EPO
activity is calculated by comparing the proliferation
produced by the EP04containing sample to the

30 proliferation produced by an EPO standard.

17. A compartmentalized kit, comprising a f1rst_
container containing cells which express an
asialoglycoprotein receptor and a second container
containing EPO-responsive cells.
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EPO is incubated with said FprQ cells for about 15 to 20 hours at
37[err]C. in a humdified at err] and 95%air. 1d. Thé
met hod of v es/ms88 wher ei n smﬂmm mﬁiﬂé i ncubat ed w tRCTAZS96/150dSUEA
cells for about 46 to 50 hour$ at s 11. The met hod of cl aim 8,
wherein said proliferation of said BGSUtA cells is measured by incubating
said cells with MIT and neasuring the conversion of MIT to MIT for. niazin.
12. The method of claimR wherein said in vitro EPO activity is calcul ated
by conparing the proliferation pro- ducedagy Xhe EPO containing sanple to
the proliferation produced by an EPO st andard.
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19. The compartmentalized kit of Claim 17, wherexn

5  said EPO-responsive cells are B6SUtA cells.



