
EXHIBIT 3 

Case 1:05-cv-12237-WGY     Document 582-5      Filed 06/29/2007     Page 1 of 6
Amgen Inc. v. F. Hoffmann-LaRoche LTD et al Doc. 582 Att. 4

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/1:2005cv12237/100734/582/4.html
http://dockets.justia.com/


A Probable Confomational Difference Between 
Recombinant and Urinary Erythr0Poietins 
Char|ca K..H. Kuns •Lud Fugeue GoldwuNr" 

A•STRAC'I" Urin• •nd recombinant hu- 
m• e•hropoietin differ •th •sp•t • em 
of iodinatio• inactivation by i•ation. •- 

ond de•vstive •d circ• •c•ic • 
rate of inactivation by t•sin •d •lye•la- 
t•on patte•. • of these diffe•nczs a• com. 

patible •th a s•c•t di•erence • •o• 
marion of the• •o fores of e•h•i•tin. 
Proteins 28:9•9S. 199• c 1•7 Wiley.• • 

Key words: cytokines; zly=oproteins; iodin- 
atiom protein modi•cstion; • 
sine environment 

L'•'RODUCTION 

The glycoprotein • .ry•hr•poistin •epo) is the psi. 
ma• re•lator of red cell fo•ation in m•m•s. 
is secreted •om the •dneys co•ci•ucively 
•eacly increas• qu•ci• under con•bo•'of hy- 
po•c s•ess. Naturally •ng e•, •ola• •m 
the unne of severely •emic patien• 
been partially charaaenzed • has •n •mbi- 
nnnc hum• e• tr• e•ressed by C•ese h•- 
s•er o•'a• cells •(ec•ed wi• •e h• 
gene/ •e foyer was •pon• •o •ve a lower 
potency tuni,'" •r milll• of pm•einP 
90.000• •an does r-e• ta•ut 130.•0•. •ough 
•hey bo•h have the same amino acid s•uen•. 
have •n •poned •o have essen•i•ly 
amount of cu•h•ace •h olin,accede 
•u•s •ha• do no• d•er to •y •a• 
little is •own yeL conce•z •e s• 
for the biolo•c• eff• of e• or •y •ssible s•c. 
•ural b•is for •e ob• •e•n• in 
•ween •e • p•o•. 

In •e present •r we dem•te 
•een u• (•e • fo• s) •d r•# 
zo e•e of i•a•on, •d m •v•on • i•e. 
We also p•sem ad•on• da• in• • spar. 
eat diffe•nce in c•hy•te com•i•o• •d 
p•bable •nfo•a•on• •e•n• •n 

and r.epo, which may account for the difference in 
pozencies. 

M•• • I•"FHODS 
Two •e•nt •say me• we• used dunng the 
• of•ese studies. For the scu&es ofepo actwsty 
•er i•naUon, we • •e m v•t• rat bone 
•w cell usay develo•d in • la•ratoD• In 
later s•u&es of z•sm ina•ivauon we •ed a cell 
profife•cion •say: •H-•i•e mm•m•on by 
b•-7• celb. Bo• me•s • b• on s•d•d 
cu•es usinr hum• •omb•t e• p•o•sly 
s•da•, 

Sin• •e m• •ll •say h• al•ady 
des•. only •e m• proliferation •say is derailed 
he•. •szys we• done • •-;• ce• 
o•ly supp• by •en. Inc.) •wn m 9o% Iscove's 
m•fi• •l•o's m• mn•w 2 mM slum-" 
m•e •d I• fe• •fse•. p•s• no more than 

w•h• • •e•ie PBS. •d •umd m 1•! m 
9• •MI 1•0. • 2 mM 
fe• calfse•.•iquou (0A •) were put •w wells 
of N•don • well •ays: 0.1 • of sample or of 
s•d• e• w• added •d the trays in• 
37"C in 5• CO•: 95• mr for 23 houri. To zscb well. 
0.05 mi of •H-th•id•e 10.05 uCi: s•cific a•ivsty 
83.3 mCFmg• in the s•e me, urn 
celb were recked m the incubator for 1 ho• and 
:hen h•est• by using a P• coil •esmr •Cam- 
b•dge Tec•olo•, lnc.• on •a•m• glass mic•fl- 
•r/q•z tGrade 9•) •m• •at •d been 
prewet • wamr. •e •Hs we• w•h• five umes 
•th wa•r. • 95• •mhol •d •ed at $0"C for 15 
minuws m s va• •en. •en •1 •ey we• put 
inm 4 ml of Bible II fluor 
Intems•on•. Mount • 

weU. • •pli•es •r s•ple) 

•ion w• • m delete •m• of•e ex•men•l 
samples. •e •sion •ua•on m•lt•on •- 
cienu for • •ay w• 0.•. 

"One uns• ofepo ac•vi•y • defmed 
•n•n• m 0.29 mg of •e • 

human e• • 0.• pmel. 
-In chu ps•r r•po •fe• only • 

hi ms•r • •s. •er • of r4• have •r pm• 
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R- A.%'D T..'.ER'•'HROPOIL-rL'•S • YOT |DF..%'I'ICAL 

Because of. the scarcity of' starting material the 

u-epo used m these experiments ws¢ that originally 
prepared, w•ich had retained i•s ong:nal specific 
activity or" 82.700 U/AU when it was firs• purified.' 
K•en these, experiments were done. the same preps. 
ration was assayed to have a specific activity of 
88,700 U/AU. T•e r-epe was a g• fro,,, Amish Inc. 
and wu derived fi, om Chinese hamster ovm7 ceils 
carryinz an amplified human epo gone. h was puri- 
fied by the method described by Lal and Strickland. 

Iodination was done by the method of.Fraker and 
Speck.' Spectroscopy was pert'ormed w•th • Perkin. 
Elmer Lambda 43 instrument by usinz enhanced 

scan operating software, and the second derivative 
spectra analyzed by the method of" Ragone and 
coworkers' CD spectra were done on a Jasco model 
3.600. For the v,-aveleng',h region 190-250 am. we 

used cuvectes with 0.l.cm light path with epo in 
m.M phosphate at pI-I T. The Az•o tot r.epo was 0.165 
and for --epo was 0.16T. For the wavelength ran• 
250-320 nm we used 1-cm light path cuvet•es and 
the same buffer. The A•o for r-epe was 0.271 and f.or 
u-epo was 0.275. The spec=a in Figure 3 represent 
one of tour analyses with essentially the same re- 
suits. 
T•sin hydrolysis experiments were done as f.oi. 

lows: 20•I o/'ep• tA•o 0.254 for both r. and u-epo) 
in 2 mM phosphate buffer pH 7.2 were added to a 

PEG-coated V.vial. Zero time aliquou (2•tl) were 

removed and 6•i or" a 1.1 nWm] solution of" TPCK 
cr-/psin in 0.1 bI "iris buyer. 0.01 • CaCI= plus 0.0TE 
Tween 20 pH 8 added to vials preequ•libratod 
37"C. Aliquot• 12ull were removed at I. 3. and 
minutes, added co 5;I ot'• solution of.soybean trTpsin 
inhibitor t2 nFmt in 0.1 M phosphate buffer pH 6.5 
plus 0.02e• Tween 20, followed by 1.0 ml of.cold PBS 
containing 0.1C• BSA. The samples were then fu• 
thor diluted for assay. The zero t•me ac•iv•r•es were 

4.9 U/ml for r-epo and §.5 U/ml for u-epo. 
Gel electropboresis w•s done accordinf to 

Laemmli. t° The protein samples 15•00 n•ll) were 

denatured by heatinz •t 1000C for • minu•es 
sample buyer [2.• tw/v} SDS, 0.0625 M Tris pH 6.•. 
I0• •v/v• •lycerol. 5qE ,v/v) B.mercapmethanol. 
0.03T5c• {w/vl bro,,,phenol blue]. A/ter cool/n| to 

room tomperature 1-4 ld (50 m•'•l| per well o• the 
denatured sample'ware loaded and run in • cliscon. 
tinuous polyacrylam/de •el conalst•nz of. • separat- 
ing •lower• zel (15'E polyasrylamide, and • srackinz 
,upper• Ze1,4.5• polyacrylam/de) and in the discon- 
tin•ous buyer system of'L•emmlL ae The pl size was 
0,5 mm x 7 cm (•) x 8 cm Izo). A constant voltsp 
g•'•dient of. •5-20 V/cm wu appliecL Rou•uely. 
Bio-Rad low ranp SDS-PAGE molecul• w•ight 
s•andards (cat. no. 161-0304) wor• run on the 
gel as the •esc sanaples. 

Iodogen wu bought fi•m Pierce Chemlca] (Rock. 
ford. ILl. nFeCl), Na•nI. and q-l.thymidine from 
Amereha• Corp. (Arlin•on Heights. IL}. feeJt 

95 

serum, which was hea•.ed at 56"C for 30 mihuces. 
and NC'TC 109 from GIBCO/BRL (Gt•nd Island. 
1•/'). and rat serum from Pal.Freeze Biolo•cal Rozer. 
AR•. I onpEvans rats from Charles River tWilmmE- 
ton. I•L•}. si•ticL•e. N-zlycznase, O.glycanase. and 
RPMI 1640 from Siam• Chemicals. TPCK t•pssn 
from Worthin•on and soybean trypsin inhib, to• 
from Boehrinzer Mannheim. Supplies for SDS- 
PAGE were bought h•m Biored CHercules. CA,. as 

were the molecular weight marken. 

RESULTS 
The dare in Firure 1 were derived from an experi- 

ment in whJrh the Na;"•I/epo molar raLm ,n the 
reaction mizture was varied and the amount of 
iodine substitution determined. The clara show • 

marked difference in ease of. iodinat/on between 

r-epo and u-epo. With u-epo, subst/tution was less 

than 2 atoms of.l per molecule of'epo when the molar 
redo of.Nal/epo in the reaction m/zture was 8. but for 

r-epo at the same Nal/epo rat/o, there were more 

than 4 atoms of" I per epo molecule. These flndmp 
sugges• that the aecossib•t7 ofiodinatable ressdues 
is sigu/ficantly lower for u-epo th•n for r.epo. We 
have found that the only residues in epo that are 

iodina•d under th•es cond/tious tu• tyro•ins•. 
B|oiogicxl •ctivity of th* two epo preparer•one, as 

meuured in vitro by marrow cell hemoglobin •.rathe- 
sis, wu also dJfl, rent/ally •-r•,d by iochns,on: 

r-epo is insctiva•d to a markedly lesser ex-,ent than 
is u4po. A• un b• sesu (Fig. 2). subsUturbn of one to 

two atoms per u-epo molecl'le is s•ent to cause 
complete loss of' activity, but for r-epo the inactiva- 
tion curve indicates li•le or no loss of. activity at one 
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•oo• 

e 

PER EPO 

•e•o. about 30.• inactivation at threo •/epo, and 
extrapolates to zero a•mtT at 
molecule. • inte•re• •ese •s• • ad•on• 
e•-idence o• s differeu• in •o•on of •e •o 

e• preparauo• res• • diVe.at dens o• 
accessibil•¢• of m•! t•os•! •siduss. •d 
role of confo•a•ion in biolo•cal a•. 
Sup• for th• inte•bon is •ven by study of 

second-de•vsuve abso•=ion s•copy. • the 
da•= in Table show the• 
di•erence in the • •bo• 
•e¢tmg a d•erence • •e en•on• 
t•osine residues. •e v•ue= e•e • •tio for r- 

and u<po m the denat• 
are the s•e (L03). F•m •ese •=o•, •e •=ma• 
of the n• • •s•e •iduas e• W •e 
solvent sh•s a sm•l bu• s•t •e• 
•n r4• • u• (Table I). 

d•e•n• • •e •on 19•0 • su•= a 

difference • •nd• • 
•d 28•2• • sug•u a 
en•on¢ oF•e •s•e 

• •o•ec •st oF •sible •o•o• •er- 

•8•vauon by t ve• I• 
•e •sulu (Fiz. 4) show a ve• cle• •d 

tio•. of a•ut 1 •ute. By •n• •e •-•e of 

•o•er set o£•e•n•s 

TABLE L Imerprer.acion of Second Derivn•ve 

nau•e de•n•.d m so|•nt 

u•po 0.• : 0.02 1.03 : 0.05 2.6 

r-ego 0•5 0.0! t.03 : 0,02. 3.0 

and 4 (or 

Table II. The two forms of epo were sequentmllT 
treated with eialidase. O.glycznase and .%'.gl.vcanaso 
and apparent molecular weights determined on a 

reducing. 15• pol.vactTlamide gel in the presence of 
SDS. V;e found siz•/ficant d/fferences in .%I• between 
native r- and u-epo samples, with r-ego being about 
1.• kDa greater in IK, ths.n u-epo. Sialidase caused • 

decrease in M, of" 3.4 kDa for r-epo and 4.1 k•a for 

u-epo. O.GI.vcanase treatment resulted in loss or" 2.9 
kDa ('or r-epo and L0 k.O• for u-epo, while treaunent 
with h'.gl.vcanase caused equal chan•es in •t, with 
the final vague (2L6 kDa) being the same for both 
sK/•ples. 

DISCUSSION 
We have presented data scronrly su•es•ive of" 

different conformational sates for u- and r-epo. The 

•reater accessibility of r•rosines in r-epo to iodin- 
a•ion tFiz. 1• aZ3•es w•th the d/fference in second 
tier/vat=ire spectra between the two epo prel•ara- 
lions. Our •mcLinzs that u-epo is much more easily 
inactivated by iocLme substitution (Fig. •) eu||est 
tl•¢ a c•cical tvroeine is somewhat masked in r•po 
but is more accessible in u-epe. 

The differential susceptibilit)" to h.vdrel.vsis b.v 
uTpein tFiz. 4) also suZSeste 8 ?.tfference in h•her 
order structure between u•po and r•po. in a•ree. 
men• w=th the c•rculsr cUchroic specn'oscopic data 
(Fig. 3•. Similar CD spectra have been published, n't• 

but in neither paper wLS there • d/reel comparison or" 

u- and r4po by this method. In adcLicion, the CD 

spectra reported were determined in diSerent buff- 

era and at di•'erznt concenust/ons. 
It seemed plzusible that the clLCerenesJ we ob- 

served m•Sht have been due to the exposure of u-epo 
to phenol in the ori•! pur•cation method when 
it may have been unfolded and. after being returnod 
to aqueous solution, r•f'olded to • somewhat cUEerent 
conform•t/on with lower activity. Since r4po simi- 
larly =•atod with phenol and purified b.v the same 

method used for u4po has the same potency u does 

r-epe noc so t••tod fT. Stricldand and J. E•e. 
personal communicar3on), ez•osure to phenol was 

clearly uo• the basis for the d•erence in potency 
between the two forms. 

Because the Io8 I•, vs distance plot for marker 
proteins on = denacunnz, reducin• SDS •el is not 
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2:O0O. 

•e) 0 

Ro &•'D L°-E•'•'HHOPOIL•'L•S • .•OT IDENTICAL 

A 210 220 23O 240 2.• 24O 

Waveeng•t (nm) 

I00, 

97 

linear and bends at about the molecul•z size of epo, 

chznfes in zel composition, it is d•Scult co let 
prec•e and consistent values for.M, b.v • method. 
In our h•nds the appL,•nt Mr for r4po vanes between 32.000 and 38.000: in th•s sun it wu at the 
hizh end of the range. The cl•'erences duo io eniyufic 

8O 

60 

3.8 mU/• ano •l of u• was 5.9 •. 

TA3LZ IL F.•ecu of P•mo..3/of Carbohydrate on .'q.ppa.•mt ,%[olectdar Wei•bf• of'Recombinant axsd 

kd kd kd kd 
.•suve 38.2 37.0 
As•s/o 34.8 3.4 32.9 4.1 
O-•l•znsse 31.9 2.9 31.9 1.0 
.•.[l.w:zmse 21,6 10• 21.6 10.3 

.IM. r•fers m/he Iliference m alipsrent molecular wcqilli after 
treatment wllh each enzyme. 

h.vcLrol•is, however, are consistent when compzred 
with each other and w•th native epo on the szme gel. 

The da•a in Table II suzzen • clWemnco in O- 
lmked carbohyclrsc, and possibly in sislic acid 
content wi• u-epo having less O-•nked oli•ccha. 
r•de and mo• sialic acid than r-epo in 
w•th other r•por•d values. •-• The cfi•er•nces we find 
in col•oz'mation may be due to an eft'oct of the 
wfreronc, in csrboh.vclrz• composition on •oldinf of 
the |lycopfoisili. A similar study of u- and r4po 
exi•od by COS cells, rather thia CHO cells. 
showed ollenlially no cliferenee becweeli the t'wo. n 

The pmsiblilw that the difarini cell iypil do not 
•lycosylaw the epo protein identically is very real. 
especially in view of observations with othir exlires- 
soon syiliins.l*-i: Our dais probably cli[ei from 
those preHnied eiriier i because of dill'arena priplra. 
Uons o•po Confidenthd 
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CONCLUSION 

The data strongly su•g•s• • si•n•ificznt conforma- 
tional differ•nc• •n r•mb• •d 
e•hro•ie•. • d•e•n• • es•a•Y app•- 
entm • mole•ar •n•mnmen• of one or •o of•e 

•)vosme residues •d 
hyd•lysis, h may also a• f• •e •e•n• m 
bmio•:al aczis•y fo•d for these •o p•p•uo•. 
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