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6.1.2.1 Descxipticn of IO ASSKYS
A. Ricassayy Usad fox EFQ Project

Hooxras such as EFO, have historically besn difficult to assay becauss of
the requiresant for ip vivo systems o in viky systems which utilize living
calls. As a consequance, & substantial body of litaratire has acoumulated
describing techniques for measuring the biclogical activity of EFO prwsart in an
unknewn sample. Tha msthods vary widaly in taras of their scouracy axd
sersitivity, the oot of labor reguired and their ip vivo relevance.

To charactarize the biclogical oparties of rescmbinent ERO and ompare
those properties with hmman urinary EFO, threa different methods have besn
developed ard used in this project. Each is described in detail in this section.

1. Assays of the in vigp EFO biclogical activity are parformed by a
slightly modified version of the published method of Frystal (1843). This assay
meamres the stimilation of proliferstion vithin a population of isolatad spleen
calls enriched for arythrocyte FRecursars.

2. Routire asszys of tha {p vivp activity of EFO are parformsd by msasuring
the induction of Lron incexpration inte erythrocytas within polycythemic mice as

' dsscribed by Ermlev (1983).

3. Tw ip vive efficacy of recambinant ZFO was testad in a primeta species
in order to characteriza the ip vive activity within an animsl mxdiel mre
relevant to human. Efficacy was msamowd by the ability to increase the
reticulecyts fraction within the blocd. Complete blocd chaaistry wes cbtained to
tast for unmpectad reactions to the reccmbinant ERO. The pharmacokinetics of
L3O in primates was also determined by assaying the level of IO in the blocd at
varicus times post infusion,
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B. Base Standaxd for Fatablistment of Activity Unit

For amaays that are dasigned to establish the units of biologicel activity
within an unknown sample, it is necasswry to first astablish a dose/resparme
anrve for a standard of known biclogical activity. The wmknown sample is then
diluted to the axtent nacessary such that the resparse of the sample in tha assay
is in the linsar range ¢f the reference stardard axve. Wrinary IO from Toyoko
., ltd. is the bass standard we have usad to establish unit measmoesent of
piological activity. '

The Toyobo standard consists of partially purifisd IFO prepared from the
urine of aplastic anmmia patients. It is wvidaly used for erythropoistin research
and is itself based on the intarmaticnally recognized WHD IFO stardard. Whan new
vials of standard are nesded, dose resporse arves are cbtained with the new and
old stardard. In every case to data thess cxves have damcrstratsd squivalent
bislogical activity betwean diffarent lots of stardard (vithin the errcr range of
the particular assay).

C. Maaswmant of FFO Protain concmmIaticn

Accrate deternination of ip vitro and ip vivo specific activity reguires a
precise measrwment of protain concentration. Fer this popose, samples ¢f pore
EFO with uniecwn protelin axcentrution are hydrolyzed in acid and injected onto
an autcmated Amino Acid Amlyzer for quantitation of individal amine acia
cotat using methods described in Section 6.1.1.1. The analysis alsc provides
the anino acid caposition which confires the purity and copplets nydrolysis of
the sazple. IFrom the calculatad recovaries ardd tha Xnown mole rmatics of
imividual amino acids it is possible to extrapolats the protein cancertration of
the unkown sample. It ahwuld bs notad that the aalculatad valus does not
crsider carixitdrats cotent and thus measures the polypeptids concmrtration
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rathar than the glycoprotsain conosrtration.

As an eample of this wethod for msasnemant of IFO protain conocemtration,
the amalymis of an uninown sample is described. A DMemogenscus sawple of IO
designated £35-87 was hydrelyzed in 6N HCL, drisd and solubilized in sample
butfer. Dactly 25% of the sample was injectad arto the analyzer. The recovery
of each amine acid was calaulatad by caputar frem the intagratad area of its
wnique cptical demsity peak using known standards to establish the axtinction
coafficient. 7o estimats the paromnt recowvery, 150 mm of rorleucine is included
as interral comexol.
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Saloulation of prwtaln conoertatim:

In the waxple ahown in Figure €.1.2.1-1, 50 ul and 100 Wl aliguots of an
unknewn sample of purified EFO vers hydrolyzed and 235% of the recoversd
hydrolyzats was analyzed using & Beciman 6300 Amine Acid Amalyzer. Tha high
corrulation betwesn the @pected and cheszved molar ratics indicatas complets
hydrolysis and confirms the high degree of purity of tha sampls. The
quantitative recovery of the norleucine indicates 1008 mmino acid recovery an
HFLC.

For protain csnosntration caloulation, it is noted that 2440 m of Glx was
recoverad from 25% of the 100 ul hydrolyzats indicating 976C m GLX/100 wl o
97.6 rmoles GLy/Al of Winown smpla. Since thare are 19 Glx/wole ZFO, this
indicates 5.1 rmcles IFO/ml. Since thare are 18.4 ug protain/mole ERO, this
irdicates that the unknown sazpls cartains 94 ug ERO protain/al.
6.1.2.2. Mmaswmt of ERO In vitro Blological Activity
" A Mouse Solesn Ol Proliferstion Assky

For measoemant of the ip vitrp Piclogicel activity of ERO, va hxve slightly
mditisd an effective protocnl described by Krystal (1983). FPhanylhydrazire is
given by irjectieon to mice crwating a drug induoed anemia that resulta in the
acomulation of arythreid preccscy calls in the eplesn. The splean (s rwmoved
and the population of cells, ewiched far erytiucid progenitors, is isclated and
altured. Thesa calls are particularly responsive to proliferation upen addition
of £F0. Thus H-thymidine incarperation into thess calls is ircreased wall above
backroud by aulturing in the resence of IR0, Uhilizirg an B3O stardard, a
li.rurdcu/rupaurmqoils&blmm. rinown samples can be scaxataly
assayed for EFO whan they are dilutsd such that the °H incorporation is within
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The standard cpanating proosture for in yitro ERO bioassay is included in SOp
#QCA0L¢, includad in Appendix A.
alidaticn of the in vitxo EFO asaky
a. Drtar-essay Validation of In Vitxe Bioessay

To ascertain the reproducibility of tha in vitro EXO hicesssy when parformad
on diffarent days, & coamon smple was included on thirtesn separats days of
assay (for times as Aplicstas) as an intarmal cortzol. The remults of the
ansays for a six week paricd are shown balow,

Meamzed unita/m)

08

624

891

608

758, 640

516

664

912

s12, 812
- 795, 663

666

(1

694, 596

678 +/- 115 unita/ml
costticiant of variability=- 17.0%

é u‘ncsm.ﬂnuﬁuuwg

The variability oocefficient of 17% cbtained in this saspling wvas
signiticantly lowar than is egectad for bicassays of this nature ard in ssveral
othar stixlies, not otherwise relevent to this dooment, was gunarally in the
range of 30-~40%. Contrul samples ware included in all bicsasssys and the results
ware acosptable if the ocortrol sample msampwd within the established variability
rarge. ;

Iom-assay Valldation of the EFO In Vigp Bicassay
Validation of the splesn call bicasssy was parformad whansver a new lot of

AM-ITC 00166678
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saruz, mice or ERO standiard was introdosd, T Rooskoe is to assay the
standard and a contyel EFO sample 10 times each and to establish a mean and
coafficiert of variability., If mevicusly astablished acceptance critaria were
not met, the validation was repsatad ance. A secord failure would require effort
to locats acceptable reagertt lots.

Stardard cparating mocedure for the in vitro bicesssy validation is in sop
# QCR012, included in Apperdix A,
o vitze specitic activity of EFO production lots

The five production lots wers each sssayed for in vitro biclogicml activity
axl the msasmoed activities were covertad o specific activity by using the
protain conoentration values measured by mmino acid sralysis (6.1.2.1.0). The
results are shown in Figure §.1.2.2=1. Although thare is the typical variability
opected for an assay of this type, all the modaction lots have aalculated
specific bicectivities in shich the cne sigme statistical ranges overlap. Thus,
the data is cumistent with the structiral charscterization rasilts implying that

" tha all of the production lots are equivalent.
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Figare 6.1.2.2-1
In vigrn Specitic Astivity of EFO Production Lots
asay ¢ Maasured Specific Activity (units/msy)
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6.1.2.3 Mesmweart of EFO In Vive Biological Activity
A, Rlyoythenic Mouse TIO ASRRY

Toc ssase the in vive kiclogical activity of recembinant RO rwparations
ard to campare this activity to that of hawen uwrinary IFO, we have chosan to
utilize a mrine model systam. Bioclagioal activity is msasured as the incyeased
incsrporatian of radicactive iron LW el Bload calls ik bioxd. mmsel levels of
EFO in the animals is reduosd by pretreating ths animals with oo daily infusions
o2 coroantratad murine red blood calls. This trestmert irdxws polycythmsis in
ths animals and results in the inhibition of de novo IFO syrthasis ard corsequant
redxction in red Blood call production. Thus the snimals beccms particularly
sansitive t0 oogeous X0 axd eqidbit a significent response to as littla as 100
. mnits. e {5 vive polycythamic mouse asssy is descrided in detail in Erslev,
"Erythropoietin®, p.1634 in Hamtology (eds: Willlms, Bautler, Eralev, axi
Licthtman; MeGraw Hill, 32d edition, 1943); a photocopy of the protace]l from the
boak is attached. |

Samples for in vivg activity mmascesnts are sent to Dr. Jaise Cave,
‘Cardesa Fordation for Hemstologic Ressarch, Fhiladelphia, PA. Dr. Caro has besn
perfarming the in vive asssy for a rumber of yesrs in his laborwtory amd is
corsidered ¢ bs am of the wrld's eparts in this assay. Each sasple is et
to Dr. Caro in form ready fer imjection imto the mouse ard is arbitrarily labeled
(blird frem Dr. Quro's parepactive). Based on sy previcus calibrations of the
assay to WD ZFO stardards, Dr. Carc has astahlished a standard anve relatirg
iren incorperztion to EFO activity. 7The results he rwparts t0 LS are based on
this standard califeation cmve. We have validated that the i wivo activiey
its that Dr. Caro reports O US are equivalent to the units of biological
activity cbtained with the Toysbo standard we have chosean for intermal

CONPIDENTIAL SUBJECT TO PRO-
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standardization of biclogical activity.
1. Validation of the mouse in vive FRO saspy

Validation was performad to test the acouracy and reproducibility of the in
vive EFO biosssay performed by Dr. care. Yor ssven differet veskly assays,
dillutions of winary IR standard from Toyobo vere included among the sanples
dunulu:mucueturumw.!huunnnunetunnnuncwanummetuuu
sanples. maﬁ‘#ﬁmm-mmmums.z.z.s-lm
Tigre 6.1.2.3-2.
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m 6.1.2.3=1
Validation of the Folycythemic Mouss Assay Results with Toyebo ERO

chearved
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Assuming the linsar range is 0=400 minits argd aliminating two mcet divergent data
points (*) than aftar adjusting all points to an arkitrary 500 & refarerce

point:

Average calaulatad in vivo activity for
500 mmita/al of Toycbo stardards 572 +/-

cantaining
112 mmits/ml

CONFIDENTIAL SUBJECT TO

PROTECTIVE ORDER C.A. NO. 87-
2617-Y (D.C.MA.) C.A. NO. 87-
@7200 TJH(DC.CA)CHUGAI 976

A 120080

AM-ITC 00166683



-

v
is

S
o
Iy
B
o

Case 1:05-cv-12237-WGY Document 312-8  Filed 03/05/2007 Page 15 of 29

o

SHUNIIIU PaAIaSqQ

anjoA peoydadxl

Figure 6.1.2.3-2 Validation of the mouse in vivo EPO assav 3}3

— ———

Observed Value

I N @
> 8 & &8 & 8 & &
o) o & o ) 1S 1) o) S
o L | . | 1 i 1
\
N\
AN
- AN
AN
D
N
N AN
8- a \U a
@ ba 3
'3‘?\ gsq
- \Q g\<
\
?&o
IS . <C7
g o d O
* 3
g[f)
- om (m| oQ
P
a3
Q.
Z0
_§- = o =
% 0
A )

A 120081
CONFIDENTIAL SUBJECT TO
PROTECTIVE ORDER C.A. NO. 87-
2617-Y (D.C.MA.) C.A. NO. 87-
©720@ TJIH(DC.CA)CHUGAI 571
AM-ITC

00166684



Case 1:05-cv-12237-WGY Document 312-8  Filed 03/05/2007 Page 16 of 29

~ B U
7200 *, Jf:.cbokoea ECy g A 120082

AM-ITC 00166685



Case 1:05-cv-12237-WGY Document 312-8  Filed 03/05/2007 Page 17 of 29

385

14

Figure 6.1.2.3-3
Maasuremert of In Vivo Specific Activiey of Production lots

Jm Etaln Ip vivo
oocentratico
om/ml
Poos 2.0 400
2.0 390
1.5 180
1.0 210
avarage in vive specific activity-
PO0S 2.13 410
2.0 430
1.7 440
1.8 340
1.5 290
1.28 410
1.0 230
0.8% 270
avarage in vive specific activity-
PO0O7 2.0 - 328
2.0 480
1.% 320
1.0 225
‘average in vivo spacific activity-
POCS 2.0 328
2.0 360
1.5 320
1.0 i85
average (n vive specific activity-
FOO9 2.0 590
1.4 3%
1.4 300
0.93 220
0.7 210

sverage in vive specific activity-
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Activity
5 IR Vs <
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220000

207000 +/= 34000

150000
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210000
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182000 +/- 21000

300000
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A 120083

svarxge in vivo specific activity all lots~ 223000 +/= 51000

CONFIDENTIAL SUBJECT TO
PROTECTIVE ORDER C.A. NO. 87-
2617-Y (D.C.MA.) C.A. NO. 87-
©7200 TJH(DC.CA)CHUGAI 9732

AM-ITC

00166686



Case 1:05-cv-12237-WGY Document 312-8  Filed 03/05/2007 Page 18 of 29

284

6.1.2.3.B joUivigy of Reccubinait IO in Primatas

Faccobirant ERO was tested for in vive bislogical activity in a primste
el as the EosT relevant animal modsl available. The healthy, nale
cynamclgous macaque (M. fasicularis) used in this stidy was cbtained from ant
housed at tha New Englard Ragional Primate OCenter and maintaired in accordance
with the quidelines of the Comittas on Animals of the Harvard Medioal Scheo) ard
those prepared by the oamittes on cre o use of Laborwtory Animals of the
Instituts of laboratory Animal Resources, Natiomal Ressarch Camcil., 2RO
ogressad in DN2-3a3 Oalls was [repared wactly as describad for the production
lots. The purified protain from the fimal reverse-phase HPIC stap was jrepared
for infusion by placing 4.5 milliliters of the prepmration into § milliliters of
5% daxtrose (Ostter laberutaries) which was subsegquently cnosntratad to a final
veluma of § milliliters. Standard proosdioes vers used to powpare and maintain
samples pyrogen-fres in the fimal formiated material. Fndotaxdin levels were
deternined by the Linilug smoebocyte lysate colorimetric assay (Whittaker
Bicgroducts, Welkarsville, Maryland) and ware undetsctable (<0.1 endotesdn units
ca1=ly. The bislogical activity of tha N0 was determinad by in vitro assay to be
40;000un1tsm. EFO was infused by a continus infusion pmp (Mwring
Laboratories, Ridgewood, New Jarsey) dssigned ¢o daliver at a rats of 75-80
ul/hr.  An indalling cathetar was placed in the iliac vain. B0 treatoart
schadule ard dose wars as follows:

wasx 1 150 units/xg/day
weaKk 2 o EFO
weak 3 300 units/ky/day
weRK 4 o IR0

Rlood soples weare takmm daily aftar anesthetizing the anizml with ketamine

hydrochloride (Bristol Laboratories, Syracuse, new Yark) and sumitted in EDTA
CONFIDENTIAL SUBJECT TO
PROTECTIVE ORDER C.A. NO. 87- A 120084
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for several differential call counts amd reticulecyta couts. Body tespanature
ard genaral health of the animal were also mnitcred on a dally basis. At weakly
intarvals serum vas sumittad for a blecd chamistry profils (Vet Fath, Twtactoro,
New Jarsay) and a serum protsin analysis (Centar for Blood Research, Boston,
Massachusetts). As shown in Figores 6.1.2.3-5 and 6.1.2.3-6, m’m no
signiticant changes cbearved in the klecd chemistries or sarum protain analyses
thraughout the stdy paricd. Similarly, no tasperature changes or other physical
camplicaticns ware chearved on the adainistration of the protein.

TO
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Figure 6.1.2,3-5
Hlood Chamistyy Throughout IFO Twst Period in Primate
Weak § 1 2 3 4
Micro scresn PP cocns cesee veeee
Fotassium 4.10 4,10 4.20 4.50
Miloride 103.00 108.00 108.00 106.00
13.00 15.00 1.0 16.00
Ssstinine 1.30 1.3¢ 1.6 1.00
Ary/Creatinine Ratio 10.00 11.50 11.00 18.00
Fhosphate 4.680 3.90 3.9 4.20
Macrmsie 1.64 1.65 1.6 1.52
Direct Rilirubin 0.04 0.04 0.04 0,04
Total Bilirubin 0.20 0.09 0.18 0.10
Alk. Fhosghatas 44,00 34.00 26,00 30,00
G-Glutamyl Transpsp. 30.00 36.00 25.00 34.00
Trarsapinase, SGO 40.00 16.00 40,00 17,00
Trummirass, SGP 16.00 29.00 8. 00 37.00
Glucess (CS) $3.00 €1.00 48.00 55.00
142.00 146.00 146,00 142.00
Qlcium 9.00 9.10 9.00 8.60
holestarcl 77.00 84.00 89.00 $1.00
Triglyoarides 35.00 27.00 50.00 35.00
Total Protain 8.70 8.70 7.60 7.80
Albamin 2.50 2.90 2.70 1.30
Glabulin . 6.20 $.80 4.90 4.5
All/Gleb Ratis C.40 0.50 0.5% 0.73
i 4 688.00 250.00 682,00 397,00
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Sarua Protain Analysis During EFO Test Pariod in Primats

wveak §

Total protein
Allmin
l-amti
abin
Trarsferrin
Orescmucoid

weak ¢
Fibrinogen

' 18
Fiqure 6.1.2.3+6
1 2 k} 4
8.2 8.2 7.5 7.3
1.8 2.3 2.8 2.8
50 52 bV | 7
180 127 107 4
238 265 255 290
32 68 4 as
72 97 93 97
140 150 162 1%
3000 2480 1640 1400
140 154 198 180
24 20 30 32
17 is 20 12
10 12 22 b |
Frisrincgen Test
1 é
273 my/dl 223 xydl
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Pigure 6.1.2.3-7 plots the reticulocyts count during tha course of
creatzant. Also notad on thae figure are the days at which blocd sawples ware
taken far aralysis of the hlood chemistry ard sarum [rotain. Thw figure clearly
shows that significant increasss in reticuloyts parcantages ware chasrved
following infusion of the reccsbinant ERO ard decmyed to recmal levals within a
wesk following tarmination of FIFO infusion. No othar hemetalogicsl parsmsters
including whits blood cell court, hamtocrit, haoglebin or platalet camt
charged significantly Awring the coursa of the stuly. The continuous infusion of
5% daxtrese alore failed to demcretyata this incrwsse in rectizulocytes cvar the

samm time pariod,

Humarn winary IFC was axtractad and purified from e Wwrine of patients with

aplastic anmmia by ths following proosdire:

- Comimcus cantrifcption to rwmove precipitate

| = Corcertration and dialysis with hemofilter PAN-140
- DEAE-Sephacal adscrption and batchwise descrption
~ Concwrtration and dialysis with hamofiltar PAN-140
- Lyophilizstion
- Boil 3 mirutes in buffered 2% SUS sclution to destzoy

nmraxinidase

- 50-90% ethancl fractionation
= BRlus-Separcse affinity chromatography
- Revarse phase HPIC
- Reversa phase HPLC

- TSK G3000SW GRe FPLC CONFIDENTIAL SUBJECT TO
PROTECTIVE ORDER C.A. NO.
2617-Y (D.C.MA.) C.A. NO.
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Figure 6.1.2.2-7

Corrected Reticulocyte Count (%)
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B. i Racx pecitic A
Prifisd uinary ZI0 was suibjectad to aminc acid amalysis as dascribed in
6.1.2.1.C. Tha results of twO andlywes are shown in Figure 6.1.2.4-1.
A 120090
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Figure 6.1,2.4=1
M&nlﬂdougnnumczudnuyannauo
1) Ml ADRLYR.N ADALVELY Avarace Male
Aatie § SN 2 0x  (om Matio
Amx 12 1164 1167 1168 12.
™ 10 980 954 952 lo.g
Ser bA Y 833 827 230 9.
Gl 18 1782 17%9 173%¢ 0.0
Pro [ ] 748 738 732 7.9
Gly 9 a3s 836 836 9.
Aq:.: 13 1722 1727 1728 18.7
Val n 990 998 293 10?7
Mt 1 L1 56 s Q.8
lle S 431 438 438 4.7
Laxy 23 2120 2121 2220 3.0
yr 4 269 372 m 4.0
b=+ 4 418 425 422 4.6
g: : ;32 8 182 2.0
42 740 741 .
m 3 - - - s 3
Arg 13 1037 1038 1036 1.2
CONFIDENTIAL SUBJECT TO .
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dexrstrates the equivalence to recmbinant ERO. The analysis also parmits the
precise detarnination of IO rotain coceantration.

The uwrinary IO was assayed for its in vilxp activity by the splesn call
proliferation method. Four dilutions of urinary EFC were asssyed, all within the
lirsar yange of the assay. The results are shown in Floure 6.1.2.4=2. The in
vitro specific activity of urinary EFO is very closs to that calculatad for
recombinant IR0 (6.1.2.2.A.3) and well within the statistical range of
unortainty for thase assays.
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rjm 6.1.2.‘-2
1o Yio Specific Activity of Hauen Urinary EFO
mm,m In vigo In Vigo
AStivity Seecitic
e/l Al Activity
snitasg
3.6 700
1.8 389 230000
0.9 218 3‘0000
0.45 9% 23““”
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Highly purified human urinary EPO with precisely msasured protein
corcentzation (Section 6.1.2.4.3) was assayed for ip vive RO activity by the
polycythemic mouse method. Four dilutions within the 100-1000 mmits/wl range
ware assayed ard the results rwported in Figure €.1.2.4=3. T™a ip vive specific

amindesd dus md Sl hi-‘-’u vt Siad yrimave,y FIX) swssasws ®a e seecescissaboadss £2% what

of recambirant IO while the ip vimy specific activity (6.1.2.4.B) of urinary
50 appears identical to recambirant EFO. This implies that the urinary protein
is capable of eliciting the ssme biclogical effect an rwsporsive calls but it may
bs iractivatad or claared mere rapidly than recombinant FRO vhan injected imto a
living animal. It is well known that the in vivo bislogical activity of
glyeoproteing (s affectad by the axtat o which tha carbancbhrate cuins are
capped with sialic acid. Protairs comhaining uncepped chaine are mxh meve
rapidly cleared from m'blm than fully sialated glycoproteins and
tharefore have reduced activity. Since urinary ZFO is parified frem much cruder
starcing metarial than recembinant EFO, it is prebable that urinary EFO {s more
‘oxposed to the neominidase enzymes which can desialata glyocprotaing. This may
well oplain the reduced in vive activity of the urinary EFO.
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Flgure 6.1.2.4-3
In Yive Specific activity of Aman Urinary EFO
In Vivo n vive
Astivity xacitic
mnitasml activity
wmitasg
330 92000
280 140000
155 170000
7% 170000
143000 +/= 37000 wita/mg
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