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MPL LI GAND ANALOGS Field of the Invention

5 wo odisae®r esent i nvention relates to npl |igand  PCTUS0249%, g
having at | east one changed 0- or N-linked gl ycosyl ation site. The
I nvention also relates to DNA sequences encodi ng these npl Iigand
anal ogs, and reconbi nant plasm ds and-host cells for anal og 10
expressi on. Background of the Invention

MGDF, or megakarYyocyte growth and denpl opneaMD ANAISDGS actor, is a recently
cl oned cyt oki ne that appears to be the maj or regul ator of
circulating platelet levels. See Bartley, T.D. et al., Cel
77:1117-1124 (1994); Lok, S Field o0f thentinwer@A®@n565-568 (1994); de
Sauvage, F.J. et al ., Nature 369:533-538 (1994); Myazake, H et

al . 20 Exp. Hematol. 22:838 (1994); and Kuter, D.J. et al.

PNAS USA, 91: B1104- 11108 (19be)Preasent atnvratkiahaeliates to mpBalibepd T.D.

et al., Cell 77: 1344y 34hév1 )cllseaast% hange@f 8L 8¢ #01 fsked
t hronbopoietin (TPO, g& %g%da and ne cm?ng oi etin. Hereel n, the

term"npl Ii gand"gW?‘Pslﬁ%atm??ltt%ed T dveRt 9“’[ glrerEplakes o DNA
pOIypeptldes thatsequenceﬁﬂéﬂdﬁﬂihéfﬁhdﬁ@ mpdcapband bA&logs Ndad®O and MGEDF.

The rece i s a rfa tei tht 0.

activation, I eads ?'g ‘g’? '@g\;‘& pﬁ?[’n‘ltl ot afla {l°?regakar yocyt es
and platel et40 Seexp!ﬂeﬁé’imom "Npl | i gand anal ogs" are
pol ypepti des t hat differ from native sequences in a way that affects

t he nunber, | ocation or type of carbaohydrate |inkage sites.
Such pol ypeptides are one aspecé&ﬁ%ﬁm

MGDF, or megakaryocyte growth and development

15 factor, is a recently cloned cytokine that appears to be
the major regulator of circulating platelet levels. - See
Bartley, T.D. et al., Cell 77:1117-1124 (1994); Lok, S.
et al., Nature 369:565-568 (1994); de Sauvage, F.J. et
al., Nature 369:533-538 (1994); Miyazake, H. et al.,

20 Exp. Hematol. 22:838 (1994); and Kuter, D.J. et al.,
PNAS USA, 91:11104-11108 (1994). MGDF as described in
Bartley, T.D. et al., Cell 77:1117-1124 (1994), is also
referred to as thrombopoietin (TPO), mpl ligand, and
megapoietin. Herein, the term "mpl ligand" will be

25 used generically to refer to all polypeptides that
activate the mpl receptor, including TPO and MGDF. The
mpl receptor is a cell surface protein that, upon
activation, leads to production and/or development of
megakaryocytes and platelets. See WO 92/07074.

30 "Mpl ligand analogs® are polypeptides that
differ from native sequences in a way that affects the
number, location or type of carbohydrate linkage sites.
Such polypeptides are one aspect of the present
invention. Mature native human mpl ligand is a protein

35



i nvention. Mature native human npl ligand is a protein 35 WO

96/ 25498 PCT/ US96/ 0249

A- 337B WO 96/25498 - 2 - havi ng 332 am no aci déqlﬂs%%%?z. The
sequence of this protein (attached to a 21-amino acid |ong | eader
sequence) and the corresponding cDNA are showmn in FIG 1 her ei n
(SEQ 1D NGCs.: 1 gndiz2h 5 Recaimhi nant npl [igand produced in
bot h Chi nese Fanst er Ovary (CHO and E. coli cells has been

dermonstrated to h eab i LEheal |
stinulating or in é’d‘?g Sgk'egxﬁka?yggi g {P{ fcal. &‘/hor%%%é‘tee &t So)él F4Fvo in
mce, rats and nnmkems nSéattaQBedetg a 21nnmlﬁb anldaﬂongBﬂe@de84(10) 390A
(1994). Human I' n Qﬁ%ﬁ n e as
conpared to the 3§f°‘ym no aélgg g?%?%ﬁ%ﬁ%%%&?% s SEE%DEIk #1675
humans) so that tierednt dfBQat PRS- 151 awf nd acids, starti ng from

am no acid posgti-on 22 in Fh@cO%blnaﬁé ﬁg[alﬂgghglﬁﬁbdﬁ&e&uﬂd\B&ﬁhI n vivo.
FIG 2 (SEQ ID

an shows, one, e |.e of ncat ed npl
| i gand nol ecul e \Aﬁl”(ilﬁ*esienﬁﬁﬁﬁﬁ?é ‘?’6?%3( KON AR, i nFo1L ceﬁéc&‘@ gﬁﬁnhas
bi ol ogi cal acti Vi ijemongtrhGed2tot hevd 74 biologici raa:tamdyi ofg protein is

shown attached to a 21 _.a Ld. N-term en Thi s
mol ecul e was sP%E&é&ch?Xragfﬁggaﬁen%foﬁ ldg%ﬁa%%'% %§%§ ogyFﬁsthe
exanpl es section tae:ldiwr olheelanal ugsvave bagwei-eon rats andamonésearel dsSee

1-199, 1-191,,4nd L A83,@L 18 Le i ] SB100d 8e G0 1RSI (Al 40 T efmUE uP

to the first Six an1nd acl he NFterm nus of the nmature human
sequence npl mpllﬂgaﬁédpm©1é¢%1%ﬁdtb%ﬁeﬂ?VthﬁQRyQ§%ncé§?ﬁvﬂﬁ§

Therefore, it app%%&ﬁatrl%at tBi ©h893 32! ardfhd VAd DA |g§rote1n entelakne¢ whehi n
amno acids 7 to 151 (1 .ncl usive sequence

no a
of human npl | i gak®Néhdfnk pﬁansgosg|E§ai they extend Gt qgasF iég P° many
cell surface and &eqaetoestartmg £porat &hiso paanioil e ilnd omuRar yLat FEGceﬂ.l,s are

modified with o Q0epQh1 09580 LOOPREEDAL) 45 S8 OURYe TH S sBRAI fbeation,

NOs.: 3 and 4) shows one example of a truncated mpl
ligand molecule which, in mature form, has 174 amino
acids and has biological activity. In FIG. 2, the 174
amino acid long protein is shown attached to a 21 amino

20 acid N-terminal leader sequence. This molecule was
used to create some of the mpl ligand analogs in the
examples section below. Other analogs are based on
amino. acids 1-199, 1-191, and 1-183 of FIG. 1. It is
also possible to remove up to the first six amino acids

25 at the N-terminus of the mature human sequence mpl
ligand protein and retain biological activity.
Therefore, it appears that biological activity is
retained within amino acids 7 to 151 (inclusive) of the
mature amino acid sequence of human mpl ligand shown in

30 FIG. 1.

In general, many cell surface and secretory
proteins produced by eukaryotic cells are modified with
one or more oligosaccharide groups. This modification,
referred to as glycosylation, can dramatically affect

35 the physical properties of proteins and can also be
important in protein stability, secretion, and



referred to as glycosylation, can dramatically affect 35 t he physi cal

properties of proteins and can al so be I nportant in grotei n
stabilityweeepswgon, and WO 96/ 25498 CT/US96/02492

PCT/ US96/ 02492 - A-337B - 3- subcel | ul ar

| ocal i zati on. Proper glycosylation can be essential for biological
activity. In facta-339me genes fromeuykaryoti c organi sns, when
expressed in bacterl a (e.g., E. coli) which lack cellular processes

O 11 2, LYooy Qe B a1 gk Sol] O ded MY i ation cRBCBKST o
of i

with little or. no activ ycosy ation.
d ycosyl ati on oc@ﬁ%‘-’@tlas}-p@@irf beolega@abn%cmwty I%lﬁaﬁ:als@ﬁ@ glaes

pol ypepti de backhqng angal oH&Habkﬁaﬂismsjfhhéﬂwéﬁﬁﬁgﬁéed31ﬂ MeRferia

ol igosaccharides are attached rine (Ser) or threonine (Thr)
resi dues while N-(§-%kedZ- coélll)gUEéE'éh%‘?‘F}ﬂe%eJ(]d’r%%ﬁr%eéS&ﬁ &OFked to

izpa;( agl n;eTh 5 V\ﬁlwa:&m@e&ndupsowmst hﬁ:ye)ad o din ttﬂa.e: aelﬁuence
n- X- ser r, ere a no _acl exce, roili
preferably one offS39&e f@gngt"gpaﬁ¥§gpe or n%c%%rrlrv% &Y Pfd‘rg'& d?QnBPelr

counting proline.latkeof glycosylatiunes of N-linked and O Iinked

ol i gosacchari des and ?ggéﬁg,egkgggg LQU%EJ{{IEJ?@%LJ%EQI%Q or

different. One type o comon ound ‘on
N- acet yl neur ami nisdt&si @lengr éh?—t pelyrert @R harkbong and: is usualdyj gf.

Sialic acid {§ usyal sz,gbae bewhnaa wﬁws@caiandes areOllt tMichienked and

O linked ol i gosaccharides and e of ,ifs negative cha , may
confer acidic  Sering JS&r¢i 8% ghr?ﬂ%"@?y{: B ot sidues, yhi He'R-11 ng‘
used herein gl ycelleisaeaharidees{chaina)iawe attacheiitd mepadaginehat are

structurally able to I|nk .0 0 al_t such sites
may or may not be Asn séé’Pﬁﬁl Y’E}e?l%li}%)g %%é a‘g":’gll’sﬂygoouf"say7h res?’gl%ggeAs not ed
above, o lAlsunIeestsn:V@hrarwhere h&rc8erberamthramigs agdd, exkepsas 30
N-1inked sitgs agﬁnﬁﬁhger ﬁsgﬁf%§@fe95bf§rbﬁ%_gg1tHM“¥@enaturall§ i s defined

as any amino aci d ot her ‘'t han ‘ , .
occurring amino acids not counting proline. The

structures of N-linked and O-linked oligosaccharides and
the sugar residues found in each type are different.
One type of sugar that is commonly found on both is

20 N-acetylneuraminic acid (hereafter referred to as sialic
acid). Sialic acid is usually the terminal residue of
both N-linked and O-linked oligosaccharides and, by
virtue of its negative charge, may confer acidic
properties to the glycoprotein.

25 _ As used herein glycosylation "sites" are amino
acid residues that are structurally able to link to
glycosyl residues, although such sites may or may not be
actually linked to a glycosyl residue. As noted above,
O-linked sites are either Ser or Thr residues, whereas

30 N-linked sites are either Asn-X-Ser or Asn-X-Thr, where
X is defined as any amino acid other than Pro
(preferably one of the 19 naturally-occurring amino
acids, excluding Pro). wWhether a given site is
glycosylated with a glycosyl chain is determined by the

35 host cell in which the molecule is expressed, the amino
acids neighboring the site, and other factors.
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(pr)ef e\r/ﬁbl y one of the 19 naturally-occurring am no aci ds, excl uding
Pro). ether a given site is gl ycosylated with a gl nis
det er m nedWy6R2f98 35 host cell in which %/he nol ecul e ig m%g@gﬁkt he
am no aci ds neighboring the site, and other factors.

96/ 25498 PCT/ US96/ 02492

A-337B A-337B - 4 - 4 - As used herein, the nunber
of "chai ns" attached to a given npl ligand analog will be the

average number of carbohydraige (dad- hel@mo%@ n%ﬂ&'e?sof "chaingbttached to
a given npl ligand nol ecul e expressed 5 particul ar ﬁost cell.

Not abl y, the glycox§tagheash t5 Begiven mp{ fagangdt araloandi Ebrbesgmdi ng
reconbi nant npl |igadkhge numberMdfl cﬁQB@h?h!rHtEe(lhé S o Byc LT Lathd i

nunber of chains wi |l possibl a end on whet he the
particul ar atfRahed 4o G EFVES X‘Pic%ﬁ n’f‘°£§g‘r‘t£s?’ﬁﬁf:eaﬁﬁ 10
gl ycoslyl chai ns t(pémcﬁﬁrh& Sidses cellnot Noaabd:pnpahedglxacosylatlort haei.t:es

nat ural source. ein enever [ bet

reconbi nant and na%clﬁ aﬂatrﬁﬁa |aéléin 0%%% §8h§9g‘3 §e°°‘“’?’ﬁ%ang§€p rﬁﬁ of
amno acids wll be.ldorgmreemlly be ther egaedl whereds whise mumbdre afatanedins
source actual 1y wipt s%qﬁﬁ‘irsv%.'}y”aletha? JIpbachchay | it tal denath.

Thus, "natural " e~“sequénce e In a parti cul ar
speci es (such as mﬁafn)cerldt e Qﬁ FREO: inknt ERHEFS AN taftarfiakc Ul e

actual l'y eXprQQSEKbljb6%#¥1cha1ns ton@héréhméoﬂiéés or ®é¥:, as compared to
Natural ly occurri % ated nol ecul e. The

gl ycosyl ation pat t%ﬁl r{ﬁtur%"i s°ur‘f§ﬁ]r afieﬁﬁFgl’l FREYST 12| SHRAR IS G Skey
domai ns that . - madeiethesn redcodbinanpl ahdgaatlurél’hemp;]eqlmrei challgs,

first approxi mat e'éﬁ 155tl am r&%b%g__l ds ?;“E'ﬁgt Héfdguﬂf‘f} r@é com ed I gand,

corresponding to an ac Ve portlon 0 ears notabl e
honol ogy to eryt hnmusimiliess of whefBRo) the nytekahesetamlaectmalém mul at i ng

production of 45 qrﬁcﬁfé@;ﬂa‘ﬁcl’ntpqsﬂ.laaﬂd' ﬁoieéeiéeﬁa&ﬂ@%ﬁa\e 1deRfed i ke"

donmai n of human a}'nd The“remal ni ng am no aci ds of the mat ur e
protein make up a%lsoal inggur@ll’| grégrs to the sequence empl"yed in a

particular species (such as human) rather than the
leﬁgth of the molecule actually expressed in such
natural source. | ._

20 Naturally occurring mpl ligand is a
glycosylated molecule. The glycosylation pattern of
natural mpl ligand is related to two key domains that
have been found in mpl ligand. The sequence of the
first approximately 151 amino acids of mature human mpl

25 ligand, corresponding to an active portion of the
molecule, bears notable homology to erythropoietin
(EPO), a cytokine capable of stimulating production of
erythrocytes, and is referred to as the "EPO-like"
domain of human mpl ligand. The remaining amino acids

30 of the mature protein make up a so-called "N-linked
carbohydrate" domain, since they include most if not all
of the natural sites for N-linked glycosylation. 1In
human mpl ligand, there are six N-linked glycosylation
sites all contained in the N-linked glycosylation

35 domain. Both domains contain O-linked glycosylation
sites. There are an estimated 12-14 O-linked
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car bohydrate" domain, since they include nost if not all of the
natural sites for N Iinked glycosylation. In hunan

there ar e“ﬁ‘??{"ﬁﬁ‘% nked gl ycosyl ati on sites all contal negél ngﬁh
N-1inked glycosyl ation 35" domain. Both domains contain O-linked

gl ycosyl ati on sites. There are an estimated 12-14 O-1inked WO
96/ 25498 A-337B PCT/ US96/ 02492

A-337B . 5 egcos@Iatlon chains in the nol ecul e.
Experi nent al evi dence with human and_DNA expressed

recombi nant Iy i n GYFBIaEioay hpdnenin etHQ%EF%i?tkeEXPerlmennﬁﬂaln at

I3<7ea?tT ht;No O |'i nkegly sddritse ah&rglrmﬁaytngueghgahﬁ DNA5ei?§J|.Sé§ééH;S 1 (Eer) and
r yco ei such a i gand can be
separated into dif$EEHOHEYgSET Egg giﬁnﬁeYEEiﬁPg%%% in the ERQike

| soel ectric focusddmpinlia 1lda@t ewanp#é;nkedeshtes are gpadddyfiadede at
reported | EF studj of _crud tLal 10 purified erythropoietin
preparations %Lu owsﬁFlo gwa %s%@? Bdd 99 §¥h henl 50: 909 (1972); Shelton-et
al ., Biochem I\/Ed 1@1.34'831:(@?5)15 Buidh es mbl, lBganderan Bbophys. Res.
Conm  98: 930 (lgelsgp)arated 1rﬁto dé.fferentl Eh?Péré& ﬁénﬁ§1%§1 C%:Q:e!éynqrqlﬂ%t 'on

on 15 gl ycosyl ation of nol ecu ere
to obtain npl |igaih As é@@ﬁé§cﬁﬁ@Fn§°ﬁuﬁ%F$ef%ﬁ?) For e%ﬁﬁﬁ%ﬁsyﬁ@ﬁﬁ@nl

pattern and whi cfparz&t@sw kﬁﬁreh%\égotﬁﬁEOIEﬁ studles Qb@'&ﬁid"@'ar@tpla‘f'ttl.\élly
Accordi ngly, b la ect ﬁ t he Pt tesent ntion.to prOV|de

. novel gl ycos§7 at é’d‘r igq sxyghropole ﬁﬁlﬁfﬁ?iﬁatjr%?%r MERYs Sprd-i-gand
analogs. It is aJ. BiocHenm.t |50r:90Bj ¢¢6729) ;t Bheltomeati ab. | cBpocheme
phar maceuti cal- c Si S i, N sugh | e thods of
treating COﬂdItlg%%?tﬁékggbﬁggg%§ Fﬂﬂrzgﬁ ?Tgangyggﬁﬁm 1%%ﬁy$ g
anal ogs of this iGammnt 98930 (1981)). Sunnary of the

I nvention In spite of the above information on

eed

15 glycosylation of mpl ligand molecules, there remains a
need to obtain mpl ligand molecules having a different
glycosylation pattern and which retain or have improved
biological activity.

Accordingly, it is an object of the present -

20 invention to provide novel glycosylated mpl ligand
molecules, referred to as mpl ligand analogs. It is a
further object of this invention to provide
pharmaceutical compositions containing such moleculesl'
and methods.of treating conditions treatable by mpl

25 ligand with the mpl ligand analogs of this invention.

Summary of the Invention
Inh one embodiment, the subject invention
relates to analogs of mpl ligand comprising an amino
30 acid sequence which includes at least one added, at
least one deleted, and/or a combination of at least one
added and deleted, site for glycosylntion as compared to
the corresponding natural sequence mpl ligand. The
added or deleted site(s) for glycosylation may result in
35 a greater or lesser number of carbohydrate chains, and

higher or lower sialic acid content, than corresponding



—

I n one enbodi ment, the subject invention rel ates to anal ogs of npl

| i gand conpri sing an am no 30 acid sequence which includ ok/§293 oOne
added, QB 961254 g?east one del eted, and/or a conbination of$§?RFEast one

added and deleted site for glycosylatlon as conpared to t he
correspondi ng natural sequence npl ligand. The added or del eted
site(s) for glycosy. ifg%on may result in 35, a greater or |esser nunber of
car bohydr at e chaj%s hi gher or FoWer sialic acid content, than

correspondi ng WO 96/ 25498 ) .
PCT/ US96/ 02492 natural seq@mrge mpl ligand, particulgrly human Hmﬂatural

sequence npl i gangyadl t ipdy AddIWTBBn@kype of ahdH8d okl &
type of analog could involve del etin one or npre N or |nked

sites, and additidpieting ong om@oge Nor OXNP-dinked; skees siand additiomnsame

or 5 anot her @p%ﬁec&r more N- or O-linked! Bi888tdertispagie Ofr t he above
enbodi nent , Lge e§ I nvention relates to npl |igand anal ogs '
conpri si ng ani’no & Rhi ch i nvol ve repl acement of one or

nore N or O Ii nked gI ycosyImtamthezi(asmdbeaf\Mthh ahever embo@iment, the

non-natural ly ché{ﬁj&gc %'ntv%%monl\l_rela toaﬁpfg%igﬂéﬁf n%;lat may be

replaced with a er ent site Sie may be
repl aced with an comprisigq iagkag Scié; 5§ﬁu€nF¢ﬁk@@l@¢txnvnﬁﬂexa repl aced

with a d'fféﬁfageﬂgﬂd %ke@nﬁ'bﬁ meed RO S%léﬂffﬁkéﬂtéiﬁgﬁﬁ Qtioh’

replaced with _an N-1inked sit Conbi nati'ons of, any of the
above change&®arsites Wlt@uPFﬁePreW€6ﬁp§§§eBaﬁPfﬁ¥*Vt?ﬁ%?qqﬁﬂﬁuﬁkﬁ¢s

The invention furgthey, %ncmnnaﬁﬁﬁﬂi QNAeSﬁayebeeﬁeplaced Wﬂuhﬂhlﬂlﬁiéﬂén&p|

L, gond analogs. a0 LGRS o FREhARng 4050 A MR e A e 3
gl ycosyl ati on si tGeJiekdd siite;aash@ngénkedt hetﬂundwrbe ,replace@irmm a
ocatlon of oLYPe di¥edtn 00 195,aby 698K, . HA! 45 o-1inked BN S 1 N0 P!

| i gand anal og and ret ai bi ol ogi_cal act|V|ty 0
t he anal og ng replaced with an N-linked site.

Comblnatlons'of any of the above changes are
further'encompassed within this invention.

The invention further encompasses DNA sequences
encoding such mpl ligand analogs, and recombinant plasmids

20 and host cells for analog expression.

In all of the above cases, the change in
glycosylation site results in a change in the number,
amount, location or type (N- vs. 0-) of glycosyl chains
in the resulting mpl ligand analog and retains a

25 biological activity of mpl ligand, i.e., the analog can
"still activate the mpl receptor. Activation of the mpl
receptor means that megakaryocytopoiesis is enhanced
théreby resulting in an increase in platelets in vivo.

30 Brief Description of the Drawings
FIG. 1 shows the DNA and amino acid sequence
of native human mpl ligand including a signal peptide
(amino acids -21 to -1) and the mature amino acid
sequence (1-332).
35 FIG. 2 shows the DNA and amino acid sequence
of mpl ligand corresponding to amino acids 1-174 of the



still activate the npl receptor. Activation of the npl recept or

means that negakaryocytopoi esis is enhanced t hereby rgsiyg n an
i ncrease iwogﬂ% ets in vivo. 30 Bri ef Descrli pgtdldg%ggf t he
Dr awi nas FIG 1 shows the DNA and am no aci d sequence

of native human npl ligand including a signal peptide (am no acids
-21 to -1) and thes43t7® e am no acid ~ sSequence (1-332). 35

FIG 2 shows the DNA and amino acid sequence of npl Iigand
corresponding t0 ) 419kakhfe AR4P

T Lebe 02492 HUnld ﬁ&k@%e m&i 9&a sequencémaéﬁﬂ &6 a ﬁ&ngﬁlﬁgture

mpl |igand . sequen@@%ﬂﬂ%&&ﬁe&lgﬁaé perhiffo The se%&ﬁﬁfﬁ%ﬂﬁ}@ﬂh&%ﬂ thept i de.

The sequences f| andgdigigt RRegions haﬁediﬁﬂrds&gd:@:[lsxmﬂ/%ﬁdl@dliuG:Q.@nXB%' and
Sal T cl oni ng , Sites a;’ﬁt ends res‘pect i vely. 5

a
FIG 3 shows a Vestf§ Biof Epd g e%ﬂ% res Yexpressed npl
ligand. MK stg&nds for Met-IRS. \Nmshbws a Westeradulaﬁlt twal thee N-¢et imands of

npl ligand for ex SSi n Vi of ng a
di pepti dase, Il&r[hl%sU(’:‘g’g}aegsg‘eilt ﬂg%s}%g%ﬁ& rrrg?lecu Sn th%% %& haghgéh

10 renoved is refdsr edded &9 theM-tarminvenet winh Jtll@nd for egpyessidases
neur am ni dase and ?%’ Y& Pﬁsea d hgg'ﬁét@ﬂeaved off u51ng Eb@idﬁséhov"s

in vivo activity o expressed np i'n nor nal
mce, in terms of such as grEREPELRCBuNtR . MFEREYHR 41 r‘ﬂ?ﬁ% Pﬁ‘&t een

glyCOFylate? 10d1§em69bﬁ!hgaﬂéféﬁkghnﬂéeéséﬂésﬂkﬁ SMﬂ%ﬁmtha@hthltﬁethan
non- gl ycosyl ate . coli,) mater
er Saved haito i EOVFGRLERESY) GebEeRintifed dad Q1 cenase S il brred
332 stands for. human npl FIG. Mi ghnﬂsalmnmumdstilvmz ¢fFIES. 9lieemdessed
I n CHO 20 cel | fer I l ysis
of CCS ceI? supgpna an?smg% re%:%%lnant np' lﬂ Q %h §§
anal ogs 4, 6, 7, plaseleangor_mtsThe%@r@qtr@ucm@ﬁﬁeq dat g ycosylated

15 mpl ligand (CHO material) has superior activity than

non-glycosylated (E. coli) material. This may be a

result of increased half-life for the glycosylated

material. For example, CHO 332 stands for human mpl

ligand amino acids 1-332 (FIG. 1) expressed in CHO
20 cells.

FIG. 5 shows a Western blot analysis of COS
cell supernatants of recombinant human mpl ligand and
analogs 4, 6, 7, 9, 10, and 11. The construction of the
analogs is described in Example 4. Analogs 4, 7, 10

25 have at least one additional carbohydrate chain as
evidenced by slower gel mobility. The analog numbers
correspond to analog numbers provided in Table 1 (e.g.,
11 corresponds to analog N11l). The control is N1 in
Table 1. '

30 FIG. 6 shows a Western blot analysis of COS
cell supernatants of recombinant human mpl ligand and
analogs 4, 5, 13, 14, and 15. The construction of the
analogs is described in Example 4. Analogs 4, 13, 14,
and 15 have at least one additional carbohydrate chain

35 as evidenced by slower gel mobility.

FIG. 7 shows a Western blot analysis of COS
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anal ogs is described in Exanple 4. Analogs 4, 7, 10 25 have at | east one
addi tional_carboghydrate chain as evi denced by sl owerp ity.
The anal oﬂ"ﬁgﬁ% correspond to anal og nunbers prow%ﬁgssl‘ylryal'?azbl el
(e.qg., 11 corresponds to analog N11). The control is Nl in

Tabl e 1. 30 FIG 6 shows a Western blot analysis of COS

cel |l supernat anté_ geconbi nant human npl hl gand and anal ogs 4, 5,
13, 14, and 15. The constructlon of the anal ogs is described in

Exanpl e 4. Anal dgs. 4, 14 and 15 e at | east, one additional
car bohydrate cha?gﬁll %éﬁ%amb%&%&%ﬁexlg@ d@Bf| ipgicated mpl
FIG 7 shows a Vesgend ahalogsadftsdirs tafeaCment withVW-96028488e. The

TSP omhenyt SR Ut o, gy e o
after treatnent ﬁrhowmwmawtéﬂm@ results indicate that the

anal ogs havedi fferenti al g{a@%ég%&@f %" 8Shuman®

FIG 8 shows the results o a hurra zte growt h bi oassay
with npl |igand BREREREYOCYte gnomdy é’lRaéﬁGYDWan Rt pbeand \anadatnegat i ve

ggng rols f ldrxteaﬂépélyeéryd D'r{?ﬁ'éN[QHe pogtuied hﬂdpﬁ‘é’&étaf\ré % élif‘d?lhm o1
pg of wi nat yr a quence and

condi ti oned medﬁ%g%?l‘é "s‘ﬁ%]tké LTE"set ﬁﬁ' PlCtu%egpnéﬁaR%‘?%c@t@"g?’dﬁdn Panel
D received 1.5 u37o$ % wild typeckicendi haaﬂedlrredqmléﬁ@él)d m‘:ﬂovnﬁgw:d
growt h. Pan I 0Qgs

respectivel ?/' Pane]r7% (F(Zé;gji \C/ée%‘cg‘tg%hed g‘gaqfu%l %Zé S_L% Cl:’r?g'hdl tioned
medi um whi | e pareégakareiwtel QZTJWGQ PanEénH bechl%mvl e5<0911 |etcos~1 _
megakaryocyte grrﬁ’c‘f\ﬁl@ condltloned medium Eh& sﬁo§§01‘9§ &ré%@ﬁ er rbal}le%ts ghal ysis

of CHO and 1-174 and anal o and 5 (see Tabl

Sl ower gel nobi I?‘?@/ %éﬁﬁ]é%&latlégapﬁ‘atl Aﬁéu egamgm'e)a%slo 20. one

addi tional ol i gosegsdeiviywhi Ipan@naBogeblddved5s 8) pg of S tiwaraddi ti onal

ollgosaccha&%de C0S-1 conditioned medium while panel C received 27 pg

and both show excellent megakaryocyte growth.

FIG. 9 shows a Western blot analysis of CHO
mpl ligand 1-174 and analogs N4 and N15 (see Table 1).
Slower gel mobility demonstrates that analog N4 (4B) has

20 one additional oligosaccharide while analog N15 (15-8)
has two additional oligosaccharides.

' FIG. 10 shows a Western blot of CHO cell-
produced mpl ligand analogs with and without treatment
with N-glycanase as indicated. Slower gel mobility

25 after treatment with N-glycanase demonstrates the
presence of N-linked oligosaccharide. :

FIG. 11 shows platelet counts from mice
treated with various forms of mpl ligand at wvarious
doses. The data demonstrate that increased amounts of

30 N- and/or O-linked carbohydrate result in increased in
vivo activity. -

FIG. 12 shows a Western blot analysis of COS-
produced mpl ligand 1-174, along with analogs N10, N15,
N33, N39, N31, N35, and N40. The number of added N-

35 linked glycosyl sites is also indicated. The figure
shows that increasing the number of N-linked sites
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FIG 10 shows a Western blot of CHO cell - produced npl Iigand anal ogs
with and wi thout treatnent with N-glycanase as indic ge
mobi | ity W&62HA¥er treatnent with N-gl ycanase denonstr at e??ﬁ’gsgﬂlﬁw
presence of N |inked oligosacchari de. FIG 11 shows

pl atel et counts from m ce treated with various fornms of npl |igand at
various dosesy37ihe data denonstrate that_increased anounts of 30 N
and/or Olinked carbohydrate result in increased in Vi vo activity

FIG 12 shows a s ot |,S . Qf ' r gduced and
1-174, along wi t\r?aér\u{%g%h%l&%%%}é?& of mg%élgﬁ%%dﬁﬁ% r%?d'"ﬁéglo The
nunber of added Mmourgs df dMcddnifedcosybobideates al so indlcated. The
figure : shows that in Si n I Lok i MO
figure o FRASIY s 4R Qb Bl LBl B LES of cos
A-337B produced mplgligand 1-174edaéend tWithmsnalags &LSnpN29i,gand
due to increaging30, and ¥¥RUNt ghaf nlinbepked garDOkedrAhRosyl chains is
FIG 13 shows a VEstern o] ot %naly5|s of COs- produced npl |1 gand
1-174, along with RES2-N29, 5 N30, and N38. The nunber of

N-1i nked gl ycosyl chai ns is ~al so indicated.

Det ai | ed Description of thg -

i nvention provides npl |igand

conpared to nat ur al The srulbg&n@ havenglancpro'esmmpﬂg lsmﬁnﬂme
Preferably, {he Giﬁﬂﬂ1&fﬂle¥%hﬁcﬁh§§o§§faﬁfgﬁes{f%%er com ahe@g@'t'onal

gl ycosyl ation siteés that are occupie ycosyl ~chai hs upon
expr essi on |r1zalﬁ%ﬁﬁﬁﬁlaﬁpéeﬂPganQShaV{%@c% %%r¥E§P°R§¥Bg SECULNEEn cel | s).

In a first embodipiferabhe, Sﬂhbeﬁésullt’ﬁﬁ’élxﬁdﬂlecules 4% aREel Baddagogs of
npl |igand conpri equ&nce whi ch i ngl ydes at | east

one added, at %kﬂgﬁéﬁéi 82¥°8§¥%?%ﬁonaiﬁyﬁﬁ 2% && °GTEPI&FedYand

glycosyl chains upon expression in a mammalian cell
15 (such as COS, CHO, and human cells). )
In a first embodiment, the subject invention

relates to analogs of mpl ligand comprising an amino
acid sequence which includes at least one added, at
least one deleted, and/or at least one added and

20 deleted, site for glycosylation as compared to
corresponding natural sequence mpl ligand. The added or
deleted site(s) for glycosylation may result in a
greater or lesser number of carbohydrate chains, and
higher or lower sialic acid content, than corresponding

25 natural sequence mpl ligand, particularly human mpl
ligand. A combination‘of a deletion of one site and
addition of another site would result in no net change
in the number of sites, but rather, a change in location
and/or type of site. Such combined change analogs are

30 also encompassed within this invention.

In another aspect of the above embodiment, the
subject invention relates to mpl ligand analogs
comprising amino acid sequences which include
replacement of one or more N- or O-linked glycosylation

35 sites with one or more non-naturally occurring sites.
Thus, an N-linked site may be replaced with a different



20 deleted, site for gl ycosyl ation as conpared to correspondi ng

nat ur al uence -l i gand. The added or del eted sit

gl ycosyl atﬂ' resul t ina greater or |esser nunbefé@SJﬁ%“”
car bohydrat e chalns and . hi gher or lower sialic acid content, than
correspondi ng 25 natural sequence npl ligand, particularly human npl

| i gand. A conbi napLeg7af a deletion of one.sige.and addi tion of
another site would result in no net change in the nunber of sites,

but rather, a cha g o] | o - e ¥Pﬁ f . .S ch.c nbined
change analogs arg Elégea %g%éeg%oﬁ%aég% éﬂ1 |§ |%v ﬁ?cﬁﬁ eR"2
I n anot her aspect Oolinkedapbte: earbditiligrked tside may besubpdatednwinhi an

relates to npl |'Q?@§e§9ﬁéqgsllnked sfHHﬂNAﬁaﬂal H'ngﬁgkg?ygﬂggnﬁ%f M@'Ch

i ncl ude rep acenent of one or. nore cosyla
sites with one or*fB écﬂ%ﬁW¥EhLﬁ%ﬂﬂx}%ﬁﬁﬁﬁwﬁﬁﬁf S|B§§1acement qﬁu@neaﬁlte

N-1inked site smywbehr@@ém@ﬂ dd ih ESIRitdRllly the ¥Eh86186408on ma
PCT/ US96/ 02492 %r } N-1i nked
site; an N-Ii nkedhiﬁ’?et’?r%yr%se ENU R LS e the glvcesylakionsi te; an

0-linked site nmayebficib@hagest idt &site, or @blthfe@r elﬂfeetkl Nkeélr séx&npperd/ or
an O-linked site h ed_si | acement
Q@%’%@S tlhs Prgﬁ%e%%%r\gl t%?l pnlé res:.%%%al, %% ?é

of one site S1te I h essen e sane
have the result o¢f|@c$@®sr¢§}duﬁamyhycﬂmaneﬂSﬁomhe glycoe?latlemcy at thaI

site, or othqr effgeisSie é? 5%G§u¥fhked 51tesevidence is provided herein
that a Thr residue Instea resj due may i ncrease the

glycosylation 10 efficiehey %ﬁr‘!!) lWEﬂke]cF-%arf%des as used herein, The term
“npl ligandf, as- Llﬁ@lhdl@é @ldturally odclm@zuehgsmat Uighhy, %ﬁ&ﬁééiﬂorﬁ@'of

i d, t 't t,ur al d | |
noncnat ural Ty PSESALLY QSRR aR dS64RA, AHGVERL oY HE Roet Gt Bhce
and 15 gIycosyéctmxrnngﬂﬁalypapﬂgﬂe&ubhwuaU|ua amlnbaacrd sequence and
naturally ocd ! oty 1d a0 40 AL AR HERTL OB B Bof char 01 0CI €A

activity of speci pirent ‘and/ or
production of nmegaky squnmmmg mpl ligand to allow posseSSlon of a

biological activity of specifically stimulating growth,
development and/or production of megakaryocytes and/or
platelets. Mpl ligand analogs based on at least amino

20 acids 7-151 up to amino acids 1-332 of FIG. 1 are
preferred.

In a preferred embodiment, mpl ligand is the
product of the expression of an exogenous DNA sequence
that has been transfected into a eukaryotic host cell;

25 that is, in é preferred embodiment the mpl ligand is
~ “recombinant mpl ligand”. The preferred eukaryotic host
is mammalian, particularly preferably CHO cells.
Recombinant mpl ligand is advantageously produced
according to the procedures described herein and in the
30 publications cited herein regarding cloning and
expression of mpl ligand.

Some additional preferred mpl ligand molecules
have the following amino acid sequences, based on FIG. 1
herein: |

35



pl atel ets. Ml I|igand analogs based on at |east am no 20 acids 7-151 up

to amno acids 1-332 of FIG 1 are preferred. In a
pref err ed veorpszsasent , npl ligand is the product of thBCEWHSPER4I N of
an exogenous DNA sequence that has been transfected into a eukaryotic
host cell; 25 that is, in a preferred enbodinent the npl ligand is
“reconbi nant npl Aigpgyyl". The preferred eukanyatic host i's
manmmal i an, particularly preferably CHO cells. Reconbi nant npl |igand
S advantageously pr oduced according to the procedures described
herein and in the 30 publications cited herein regardi ng cloning and
expression of npl |igamel ligand 1-332 Semenaddcidonat3pz ed£rreg. np
| i gand nol ecul es a f.al.le@W Nng a cid. seque s, . based on
FIG 1 her ei n: m@SVl?gqh% \3&013 /25498%911% 913 2155 ¥IC.
PCT/ US96/ 02492 mpla ldzamd 1-191 amino acids-1-191 of FIG. 1 npl
ligand 1-332 5 ‘am aGifdhal133830f FI G ghi ds 1- lof i@and ,1-199
am no acids 1-199 of E#%ﬁ 1§f¥il npl |1 ggﬁdaCl % 169 o%mno gblds
1-191 of FIG 1 sl ligamd Li-ddAd 1- 183am1n° ach@s nb-Ht4 def EIB3 lof
FI IG |'1 i 1163 Mplmgl gdR@nk 12453163 ?Wlliilﬂ%na(iaéiﬁdé ﬂjﬂspfoflﬁcll g
np i gand 1- m.ng _a 0 an
1- 153 ani no aci q'1 gfq ino acids iy Jg;'5<‘;13r1cPf1 FlIE?Z g
am no acids 1-152 of MpG lJi.ganaiOJ. 152 | amand deildd 1- 152 oﬂammm aci ds
1-151 of FIGgl d 332 - f
FIG 1 o™ llﬁ’gm? F5§32¢ 755 leming 28000 HELE LAY 4
mpl |igand 7-191 mpém Agandi ds332191 of @p@nojacids 7-332 oﬁnﬂm i gand
7-183 anino.aci ﬁ?ﬂ 1183naf 7EL69 1  15amino aérﬁis |7-913§§i JE F1E. 1
am no acids 7-174 of F nmpl ligand 7-1 am no acids
7-163 of FIG 1 llgﬁf}fi 7rg2hd 7- 153amino %&ﬁ%o” dd e FISs df
FIG 1 mpl ligand 7-183 amino acids 7-183 of FIG. 1
15 mpl ligand 7-174 amino acids 7-174 of FIG. 1

mpl ligand 7-163 amino acids 7-163 of FIG. 1

mpl ligand 7-153 ~amino acids 7-153 of FIG. 1

mpl ligand 7-152 amino acids 7-152 of FIG. 1

mpl ligand 7-151 amino acids 7-151 of FIG. 1

20
It should be noted, for example, that mpl
ligand 1-183, 1-191, 7-183, and 7-191 encompass one or
two additional naturally-occurring glycosylation sites
on the C-terminus thereof, as compared to shorter -
25 sequences. In each of the above cases, Met-Lys may
further be included in the N-terminus thereof.
The in vitro specific activities referred to
herein are measurements of relative in vitro specific
. activities and are not measurements of absolute in vitro
30 specific activities. For the purposes of this
application, the specific activities are used only to
compare relative activities of mpl ligand analogs that
have been assayed using the same assay, using the same
conditions including the same internal standard, and
35 having the same analysis of the data used to calculate

specific activity, etc.



npl ligand 7-152 amno acids 7-152 of FIG 1 npl |igand

7-151 am no acids 7-151 of FIG 1 20 It shoul d be
noted, foW@9GRs%E, that npl ligand 1-183, 1-191, 7-TPEEUSHMR 191
enconpass one or two additional naturally-occurring glycosylation
sites on the C-terminus thereof, as conpared to shorter 25
sequences. |n each-pf7d8 he above cases, Met- s may further be
included in the N-term nus thereof. The in vitro specific

activities refefred to ' urements qf relatiye inp vitro
specific activities a%\%h‘ggr%.nq‘o%eﬁfégg%%eﬁgﬁgsegf apelpg et imebi (1o
30 specific activiidand’ ror "mird gdopodeensfoghi sefer to ampl i disgdmh witthe

specific activitigfe a2 wiA Han¥esOin the gﬂgﬁ@rgc{glg%%y&@ectgfvimgles of
npl |igand anal ogs, t hat . have been assayed using t sanme assdy, using
the sane cg]rﬁﬂatr}%ﬁ‘%‘li%lrt?&l“ﬁ& tReasghBngAt &R ntlRe skl cm@- 35

"having the sage anaired.s wichhaagabdreeedehe sabent &€ carbohydRRd fic
activity, etc. - \{’\10 6/ 25498 ' ) .

PCT/ US96/ 02492 attachedi s er, or location of _sites for carbohydrate

As used herein thetpvtases " alal agpeéfepted embodim@gmnd 'ty cHaplgd ii@and
anal og" refer to | J ] r,nore .changes in the am no
aci d sequence of Icoqu'%r&q'o\lml E;sgﬁg(\%i Eﬁ&?gg% % PaendE e I%'“%?ﬁe (N
or O- 5 |inkexf gidMcsisydayghatinecattachedountthé mplk Halgahdatelecule.

attached); nwgbery, qf ﬂa%%tcitﬁ.@.r@% PLbesried SREOINMA! &he changd! b@chment.
In a preferred enhodi nent, .the ange ' ycosyl ation site

results in a cha@&¥QQFyﬁﬁélﬁHnﬁgFe(g) ggd%fabl%@é%ﬁﬂ°4ﬂuﬁ9ﬁ?Q£P@éﬁhggsbo t he
npl |igand nol.ecyreferatly WR5a patticularly préf&rdrerd, eaydigiRbsyihe
" change in ' I .%osyl atj on iteé % ggfls t:t | east (osrse i(sg((zlrllreral | e<Ji'6’
preferably 1-5, EUIgPPymBFEfBF g ¥ -%)a@?y%8§v} @ﬂa?ﬁé, and
nost preferably tha thdinksyei s(fineanatilerd particuldrd WNdriefleaged | n anot her
par ticularly; prefeildnent® +BEAMY "PDband "EndPle LidANG ANR! Gg, et ai ns at
| east equi val ent b6l o]o]] caﬁj ac{%w%y 19 V1 Vo As conpar &8°to
equivalent biological activity in vivo as compared to
natural sequenée mpl ligand (e.g., human mpl ligand) and
may possess substantially higher activity iIn vivo, as
measured in assays for biological activity. Such assays
20 include those that detect megakaryocyte or platelet
production.

To prepare such analogs of mpl ligand,
preferably they are generated by site-directed
mutagenesis resulting in additions, deletions, or

25 substitutions of amino acid residues that add, eliminate
or alter sites that are available for glycosylation. By
*altered” is meant that a site has been deleted while
another has been added at the same or another location
as the deleted site. However, as is appreciated by

30 those skilled in the art, other methods could result in
a gene encoding the same amino acid sequence, and such
methods are encompassed herein. The resulting analogs
may have fewer or more (preferably more) attached
carbohydrate chains than natural human/recombinant mpl

35 ligand.

Addition of one or more carbohydrate (i.e.,



natural sequence npl ligand (e.g., human npl |igand) and may possess

substantially higher activity in vivo, as measured in assays for

bi ol ogi cawomst2sssst y. Such assays 20 include those that REEE$96/02492
megakar yocyte or platel et producti on. To prepare
such anal ogs of npl Iigand, preferably they are generated by
site-directed p_3378utagenesis resulting §ig additions, deletions, or 25
substitutions of amno acid residues that add, elimnate ~ or alter

sites that are avajl fo | vcosyl at i.on. . altered” | s neant
that a site has H@gﬁ%%%?éts%a§%¥|%§ gt fﬁ%ﬁéﬁ%ﬁﬁ'Q?félﬂggﬁtﬁﬂﬁeﬂké?the
same or anot her bdécahisninventioms tNml dclgeral] asialeogsHhasiay, magei S

appreciated by = 30pohfarerskihd ol |ihddaiide QY 19PERRAS could result

In a gene encodi ng t e sane am no acl sequence, and such
met hods are encofPAZSERCRELRY MatHeak s AUy idithlesdso acid spayehaee fewer

or nore (preferalbygnore)igpteshedi7e, etc Oardhehydnat-acelabysalifangnat ural
human/ r econbi nant _npl 35, ligand. , Agdltlon of onhe or
more car bohydr at glgpp@y}atlon s*,@@eyl’%glo not perturb the secondary

PCT/ US96/ 02492 or tertidrd3ddhformation in a way thh8 would gl ycosyl)
chains to npl ligapd,.is,. one, inportant .object .. of _this_inveption. M
| i gand anal ogs hgvpﬁﬁaﬁﬁ%%flyrgééu%%fﬁbq§§PéFg'ccgﬁxélyhani?h5§§gfound in

t he cor r ebpordnngheat natutallocnequayjrafi mpladidasdquefiess toban
(e.g., 1-332qr &mlﬁé,aéiﬁ-é?ﬁﬁéhégf Al e A ponding ALAEGSYSALT ON
sites which do not perturb thée secondary or tertrary conformation in
a way that woul damino aci@gstranihelqsleddifc @5iledogrevan a8t thety. As used

herein the "natupabtYcQECEH Iéigth oY rigl0aAGanf @beciesalls ndf adfhdpi@ci d
sequence having the corrSSﬁgnq;n nunber of , Sam no acids as the

rel evant anal og, SERERSFRAL 2 the V& PR YSSngt RSANHBPSPRrERNd ERRcies is
not actually analegpofasell 1igdrie heet iupe topéciadditAduabt ajjeesistyr t he

anal og of s | i 420dDas bR 16 Al A0y 13HiSR, f Bbsurding ! ¥EESY! atT o
addition of from 1 up to 6 additional N-linked or
O-linked carbohydrate chains (or a combination thereof).

For example, a Pro at position 30 is replaced
by an Asn and a Val at position 32 is replaced by a Thr
20 to- give the sequence Asn-Glu-Thr, which serves as a new
site for N-glycosylation (analog N4 below; see Table 1).
Analogs may also be constructed which have two
or more additional N-linked chains by combining
mutations; for example, analogs N4 and N10 described in
25 Table 1 may be combined to yield an analog with two
additional sites for carbohydrate addition (i.e., analog
N15 in Table 1). In a like manner analogs with three or
more added chains can be constructed. As will be
appreciated by those skilled in the art, the subject
30 invention includes many other analogs of mpl ligand
having different sites for glycosylation (in terms of
number, type or location of site). The mpl ligand
analogs of this invention are in all cases particularly
preferably based on mpl ligand having a human amino acid
35 sequence {(see FIGs. 1 and 2); however, analogs based on

mpl ligand sequences from other species (e.g., dog, pig,



addition of from21 up to 6 additional N-Iinked or O linked

car bohydrate chains (or a conbination thereof). For

exanmpl e, awkysyRliogoosi tion 30 is replaced by an Asn aRER/HSI$HR4%¢
position 32 is replaced by a Thr 20 to give the sequence Asn-d u-Thr,
whi ch serves as a new site for N-glycosylation (anal og N4 bel ow, see
Table 1). A-337B Anal ogs nmay al se hg constructed which have two
or nore additional N-I i nked chai ns by combi ni ng mut ati ons; for

exanpl e, anal ogs' rgg_g, N SGL | T, Y onhi ned to
yi eI d an analog wt Hbuses el gs‘tgl)oﬁgle é?ts%s rﬁpf%%&)glrae@naddl tion
(i.e., analog N15||1fnﬂﬁﬁ§¥EPS o &mlpﬁeaﬁaﬁﬁetoaﬂa¢®gs with three

or mor e addpd, JRila | Q,ans@eesoawa%sdc Aetplde R F
appreci ated by th%g, skill ecli' i,n thepg t he su%éecﬁt% 30 i nvoernteixgﬂnple’

i ncl udes nmany ot hét Glih 35y 8981 AR B gafdreplaced thy it Fhi amek én distes for
gl ycosyl ation §in itreye¥Red immediatBlpbaftetymet odt lmasidivh &S siste). The
npl |igand o% 00s of this invention are in all cases particularly
preferably based qﬁﬁl I'i gand havi ng a human ami no acid 35 sequence
(see FIGs. 1 and 2); however, anal og@liveMet-®@in-Glu~Thmpl |igand sequences

fromother species (e.qg. dog Pig, gq4 55 W§596525498

PCT/ US96/ 02492 A- 337 - 14 - : nonkey,
nouse or rat) are al so conterrpl ated herein. — | nsertions of
am no acids tpgcreate gl ycosyh até ensi @S -ame--ahsa cont enpl at ed. For
exanpl e, a Gu at position | r and Asn is 5
inserted imediately after Met at 55(7)45| t%l onn'%ésm%j h'% SEh ol | ows:

-dn-Met-du-Gu-This adds a new glycosylation sitgy (55115@ szigs 55’, 36.

-G n-Met- Asn- G u- Thie THE-  goq spaleg, 3, Bl 54 55 55' 56 57 58

This adds a new gl ycosyl ation sl m no aclds 55', 56,
Also included within the analogs of this

15 invention are analogs which have one or more amino acids
extending from the carboxy terminal end of mpl ligand .
wherein the carboxy terminal extension provides at least
one additional carbohydrate site. The carboxy terminus
of mpl ligand will vary depending upon the particular

20 form of mpl ligand used (e.g., mpl ligand 1-332 amino
acids, or mpl ligand 1-163 amino acids). An additional
carbohydrate site may be added to the carboxy terminus
of an mpl ligand species by adding amino acids to the
carboxy terminus, such amino acids containing one or

25 more N~ or O-linked glycosylation sites.

Tables 1 and 6 list some exemplary mpl ligand
analogs which have additional sites for N-linked
carbohydrate chains. The analogs have the sequence
Asn-X-Ser or Asn-X-Thr included at various positions in

30 the human mpl ligand polypeptide chain based on the
human amino acid sequences to create N-linked sites.
Tables 4 and 7 list those analogs which add at least one
additional N-linked carbohydrate chain, as evidénced by
the migration of the glycoproteins on SDS gels (see,

35 Example 6 and FIGs. 3, 5, 6, 7, 9, 10, 12, and 13).

Note that these Tables also include some truncated



and 57). See anal og N23 bel ow. Al 'so included wthin the

anal ogs of this 15 invention are anal ogs which have one or_ nore am no
aci ds wo %snssedi ng fromthe carboxy term nal end of npl ﬂ@é‘éﬁ?&’oz“”

wherein the carboxy term nal extension provides at |east one
addi tional carbohydrate site. The carboxy term nus of npl Iigand
w Il vary dependi pg3gpen the particul ar 2015form of npl ligand used
(e.g., npl ligand 1-332 am no acids, or npl ligand 1-163 am no

aci ds). An additl gpakies chat CAEDOMYAr Ahta Bide Y i idddedloba hiney carboxy
t erm nus of "an npl |igand species by ‘adding amno acirds to the
carboxy term nus, NducN18ni Nb7 acred ¥dbhk ai (’h‘yl'mfebﬁéeorlls‘isé ippebeNTabties

O linked glycosyl @bi 8Ro&i h&&§- various truncated spaRli@s de2Bdpfebbsbgsone
exenpl ary npl |igand nangs whi ch have additional sites for

N 11 nked car bohydr at BLERPREOTRRAES SR AP H gt RRESERE aeeafden are
Asn- X- Ser or /sn- ¥NAhsefuehtdedemtoding aitee padli tliigand Bnaldfs Hbeciivsaa npl

| i gand pol ypepti d hai n man _ami no i d.sequences to
create N-1inked sﬁ?%gﬂl’ Sgéggﬁ%g]f%gﬁ}f’sfnfnf##i&g Fﬁ%é‘ggﬁﬁg?gbggv\hi ch add
at |east one addjtdonabned tes | ok i Idamkech yitedne . chrocedsreyi deated by
the mgration of e t gl ‘ €8, 5 I and
FIGs. 3, 5, 6, 7,%,“%%(8%%&5&(1&%3% éﬁ% Wi ol ?ﬁgﬁnﬁh%‘? R Aal

i ncl ude sone trunéa¥elihe purposg of5/cunedgng, deleting and/or altering

PCT/ US96/ 02493  attachmén®83dftes for carbohydrates 4Pe- disclosedSPECi €S
that are not "anakgg%élgs efu£ed herein (i.e., N, N16, N17, and

N31). These are | BT 'es to show how various truncated-
speci es were prepared. These mpl ligand shadrgenpassee hfiet Beopguesest

I nvention are ' uenc ' | Ligand, anal ogs di scl osed
her ei n, preferabl ?/é? osefgt;%coggi%g eané%giﬁs%%h?@?n%gquehgg’ atdtii o&%?éj%cﬁ%as
for N-1inked chai psrowghyceeforkinadd DNA techngliogyr otdher camnbes into the

npl 1igand DA segeRfeally syntdhisiid RHRRSesObrCEREY Ray BE! SEddig@aid/ or
altering 10 attachment” sites for carbohydrates are disclosed In
by combined methods. An exogenous DNA sequence
comprises cDNA, genomic DNA or chemically synthesized
DNA encoding an mpl ligand analog. Recombinant DNA
plasmids and eukaryotic host cells useful for the

20 expression of such analogs are also provided.

Expression vectors include any vector which is capable

of expressing cloned DNA sequences in a eukaryotic host
cell, particularly those vectors used for expression in
COS and CHO cells. Examples of such vectors include

25 plasmids pDSRO. and pDSRO2Z, see Mol. Cell. Biol. 8:466-
472 (1988); WO 91/13160 (1991); and WO 90/14363 (1990).
The cultivation of COS and CHO host cells expressing mpl
ligand analogs was carried out using standard procedures
known to those skilled in the art.

30 Changing the number, type, location, or amount
of carbohydrate chains attached to mpl ligand may confer
advantageous properties such as increased solubility,
greater resistance to protecolysis, reduced
immunogenicity, increased serum half-life, and increased

35 or altered biological actiwvity.

Conditioned media from COS cells expressing



Exanpl es 4 and 14. These npl |igand anal ogs can be the
product of expressi on of an exogenous DNA sequence, | ced
t hrough r e¥OM425428t DNA t echnol ogy, they can be 15 chem gﬁmpg%?ﬂﬂ
synt hesi zed products or they may be produced by conbi ned net hods. An
exogenous DNA sequence conprises cDNA, genomc DNA or chemically
synt hesi zed encodi ng an npl liga anal og. Reconbi nant DNA

pl asm ds and equ%? B host cells useful forlthe 20 expression of such
anal ogs are al so provided. Expression vectors include any vector
which is capabl e MPl ligand 30akegs Y ¢ dHed (BlaischusaBesplnldgandatyotic

host . cel |, 1part bedl gty I Nasre/ eclaQieeds ol Oh QXREESELONodkal
COS and CHO cell's. Exa Ieﬁggf such v ctori i ncl,ude 25 plasm ds pDSRa

and pDSRa2, see MBFEiVERY and Jfhe gompts shown An,Tebdggs. wo 91/ 13160
(1991); and WD 90/ 14363 (19@6hditioned mdikia Ufirdny @idDredfllsCekpradsChiy host
cel | s expressiing . | i gand | 0gs .was. cakr] out using standard
procedur es 5" Hﬁ%o%hg?ﬁpi?Eéé?qﬁéﬁﬁﬁﬁfaiéggﬁe&g%fkg8 wgre analyzed Lor
Changi ng t he nunbén, viype, biobegiaal, awtimitynand the refutts baey dsladvn
chains attached to,npl i+g@pd may confer advant ageous properties
such as increased so J%l ity, | . Qreater_resistance to_proteolysis,

r educed i mmunogeni ci £§, vive rekgiagicaly Aatdrity] resudhd £atreased

35 or altered bighpgbesl f@ahd \dre/ presented in FIG. 1E00gedi Lpatbredizn from
CCS cells ex8%F55|ng WO 96/ 254

anal ogs N2 - N15 f&fimabidnines. gipl dhigeseé Hamster Ovaryg, CH®) Mdst Vel e

Tabl o O AL PR AR a1ty svREEs ek nB O 0nd S ATa kAR
5 npl |igand analmmb/1igamdhthiaonnatFerrerwshananaspectiffornumber ofin vitro
bi ol ogi cal activi %i’ai“f@ ddad S tR13a18N0Wg . greatsf JRMN & Hat found
In vivo biologic activity results for
in mpl ligand 1-332, 1-199, 1-191, 1-183, 1-174, 1-163,
1-153, 1-152, or 1-151 produced naturally or
recombinantly in a eukaryotic cell. In vitro activities
of analogs N4 and N15, along with full-length and
various truncated species expressed in CHO cells are
20 shown in Table 5.
The sialic acid content of the mpl ligand
molecule may affect its in vivo biological activity.
For example, tetraantennary (four-branched) N-linked
oligosaccharides most commonly provide four possibie
25 sites for sialic acid attachment while bi- and
triantennary oligosaccharides, which can substitute for
the tetraantennary form at asparagine-linked sites,
commonly have at most only two or three sialic acids
attached. O-linked oligosaccharides commonly provide
30 two sites for sialic acid attachment. Thus, mpl ligand
molecules with N-linked carbohydrate substituted for
O-linked carbohydrate can accommodate two additional
sialic acids per chain provided the N-linked
oligosaccharides are tetraantennary. Mammalian cell
35 cultures are screened for those cells that
p;eferentially add tetraantennary chains to recombinant



various fornms are presented in FIG 11 (see Exanple 13). 10 .

Anot her enbodi nent of the invention relates to manalpicgRisoE092

Chi nese HW@P#2¥ary, CHO host cells which preferentially

synt hesi ze npl ligand or anal ogs of npl ligand having greater than a
speci fic nunber of sialic acids per nolecule, e.g. greater than that
f ound 15 in npl ligand 1-332, 1-199, 1-191, 1 183, 1-174, 1-163,

1- 153, 1-152, orAtﬂﬁgﬁ produced naturally~of7 reconbi nantly in a
eukaryotic cell X In vitro activities of anal ogs N4 and N15, al ong
with full-Ilengthmid ligand, vahereby maximatzing sphes irestbetp ods sddeisn £61H0
cells are 20 Q2H&a gég bh%t?chment The sialic acid content
of the npl Iigamf affect its in vivo biological
activity. For exanplnihmf@éﬁtt@nh’&ﬂyc(:ﬁéar {PHER efiqiantked

ol i gosacchari des m%eé?mgk&rpb%we(éﬁw £OBPd R a LommdhtigSukel sialic

acid attachnent triantennary ol i gosaccharides, which
.can substitut® fdwost cell fgg tber BEARRRRAPY PHriRAMRIGS R agi ne- | i nked

si tes, . COgmAlgprivaenat 1ﬁaihd9ﬂbyréw@m191néz’m e@ls ild|gia§?1daCi ds
attached Ol1inked ollgosaccharld%g conmo ¥ REQ §¥§es for
sialic acid attachment. THfE® FF@aﬁamp * lngn%l%&ﬁﬁ?ﬁ?%ﬁﬁ?? Y i nked

car bohydr at e subsififiaditeidrel amount of 8nlmpkeligandansacgt éncaccacdengedat e
Lo additlonal wich oHid L6olEhds ka;écga%&@mv% Qe et Naljabede

ol i gosacchari des are tetraantennar cul tures are
screened forl@hosmd/sid sarraer useful pmf@?bnh%aq%/ %atpé’t pxentunsbey

chai ns to reconbigniy, a 26435488ention. A “therapeuticall
PCT/ US96/ 02492, - reassSy L5 ° Y

17
| i gand, thereby m£QQﬁF2WﬁgaFﬁEnﬁunﬁ§ruﬁ?ds??ﬁgﬁqcﬁefers to §P&Flémggpﬁ
attachment . which provideb Bidrapeteie efflet afr (@DiERendebndienbn

Chi nese Hanst er I&gy aklgnagg a comonly used 5 host cell for
t he .producti on of® EﬁﬁﬁFﬁiﬁf *gtYTBpr ot ei ns i ncl udi ng reconbi nant
nmpl ligand. 15 The present compositions can be systemically

administered parenterally. Alternatlvely, the
compositions may be administered intravenously or
subcutaneously. When systemically administered, the
therapeutic compositions for use in this invention may
20 be in the form of a pyrogen-free, parenterally
acceptable aqueous solution. The preparation of such
pharmaceutically acceptable protein solutions, with due
regard to pH, isotonicity, stability and the like, is
within the skill of the art. The specific route chosen
25 will depend upon the condition being treated. The
administration of mpl ligand or mpl ligand analogs is
preférably done as part of a formulation containing a
suitable carrier, such as human serum albumin, a
suitable diluent, such as a buffered saline solution,
30 and/or a suitable adjuvant. The required dosage will be
in amounts sufficient to raise the platelet levels of
patients and will vary depending upon the severity of
the condition being treated, the method of
administration used and the like.
35 The conditions to be treated by the methods

and compositions of the present invention are generally



Conposi tions conprising a therapeutically effective anmount of an npl

| i gand anal og i n accordance with this together with éﬁ@%@ﬁk&,

di luent, ady@9e2R498 10 and/or carrier useful in npl ligand t 4
further enconpassed by this inventi-on. A "therapeutically

effective anount” as used herein refers to that anmount whi ch

provi des therapeutd.g3effect for a given condigion and adm ni stration
regi men. 15 The present conpositions can be systenically

d t d | | t I ti
o ot orod Lt v SRRy ch LEvORL g Ve iBing meperGRIRRTSEY SRR HR

adm ni stered, the def:.cment:jgeoapentexpe@grbsn&gakasryfomyuaﬂpl’aneﬂ.bts i nvention
may 20 be in th r . Py eg- ent ept abl e
%.?hchq]eﬂz:gr ax? £0d #Ltt.tﬁff (PHE %c%. s% °ft P(]:.af'aﬁg_&

aqueous sol ution. The prep ion o rnaceu
accept abl e prot ei usgely) onsSught ¢orflitions WJ--'lrlegjléruéltlar b, thsoreﬁukttyf

stability and 4§ hegjl We@icidéncy (tempbiddy dPHetldrenth BQeaéEEveTgﬁlSpeC'f'C

route chosen 25 mnll depend upon_t he condltlon belng treated
admi ni stration of AERE; génﬁlﬁ? T B¢ | IRRRF 1 ASFYs fog platelef ef erabl y
done as part of adﬁe@&&uéaewﬂscammum@ema, andubhleabketRar nk€hodsuch as
human serum al bum %?Jﬁh I luent, such gs a buffered sgt;ne
solution, 30 anapgrcamgﬁ?fEbﬁ%§ FPT ARG dEPEACR08EGeIRRPY2 '
i n anmobunts sufficaeatlableafer tienipirag eil'aionthmwlt:@pehla patients and
wll vary de di ng upon th nNg

gl igifbtiefonia (platdied ABICANEL dnay

treated, the nmethod of
The condi ti ons t obgerresarbdfey Yawioug kaesons, incindisgnpbemetberapy. t he

present inventi.onpghe HERLER! iﬁ’ansplant\éo WL MMr therapy with a
PCT/ US96/ 02492 18 t hose whi ch

i nvol ve an eX|stlH@rﬁﬁbﬁk%gyéﬁﬁﬁiﬂ[ﬂ%ﬂ%ﬁ%&on therapHéfFEFgﬁE¥ ofcaHiRREL ed
megakar yocyt e/ pl abebe&@ loss, anttfdttienapddidike diseuse tongitibrsause of

planned 1R SRR Bl it sl BeabPnistilt o 0
thrombocytopenia and may be treated in accordance with
this invention are: aplastic anemia, idiopathic
thrombocytopenia, metastatic tumors which result in
thrombocytopenia, systemic lupus erythematosus,

20 splenomegaly, Fanconi's syndrome, vitamin B1l2
deficiency, folic acid deficiency, May-Hegglin anomaly,
Wiskott-Aldrich syndrome, and paroxysmal nocturnal
hemoglobinuria. Also, certain treatments for AIDS
result in thrombocytopenia (e.g., AZT). Certain wound

25 healing disorders might also benefit from an increase in
platelet numbers.

' With regard to anticipated platelet
deficiencies, e.g., due to future surgery or future
thrombocytopenia-inducing therapy, an mpl ligand analog

30 of the present invention could be administered several
days to several hours prior to the need for platelets.
With regard to acute situations, e.g., accidental and
massive blood loss, an mpl ‘ligand analog could be
administered along with blood or purified platelets.

35 The dosage regimen involved in a method for
treating the above-described conditions will be
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ligand in vivo. The generic termfor platelet deficiency is

t hr onbocyt openi a, and hence the net hods and conposit A7Ss e
present iWOMMEE4R are generally avai l abl e for treat |ﬂng sRadof

t hr onbocyt openi a. 10 Thr onbocyt openi a (pl atel et deficiencies)
may be present. for various reasons, including chenot her apy, bone
mar row transpl angsz3agd ot her therapy mnth 50 - vari ety of drugs,

radi ation therapy, surgery, accidental bl ood | oss, and ot her

speci fic disease dltions
that involve dgeg?‘h}'ﬁ%%&t%%ézmr’?%g{rlgé'n%?h%gq&gafe bﬁﬁgggg%? ance with
this invention averlap$aﬁa¢tpxﬂuwhk§h|m9dxﬁnlﬁhg action ofirdmbgeytepeni a,
metastatic turmréagﬂag@ rEStkhic 4 &n body wellrgmboggscoaﬁal aiefystephe |upus

eryt hemat osus, pl enonegal y,. Fanconi syndrone, vitam n Bl
defi ci ency, foI|EaéE?@tde¢¢%|%ﬁKSquMnPﬁﬂﬁﬁm intsr5ARny, time of

XYskott Alt drlscp é&?ﬂﬁpf@r?@f&A%{g)w& de@lhriémaEacﬁorib h@éﬁéf@piw(ui a.
so, certain treatnmen or resul t. in_thro e e.g.
AZT) Cortain votnt SAbly TReiR, TuthseS I S 5rBeShahctt STTHAM n
increase in miptogehes ofimgel sligand analog per k1nghamegﬂerdp
antici pated pl atel et _ SHr ry or
HPhEBEy B R g Y Alcdoy=iE p8r Hodeallg

future ucing thérap |ga ana
of the present iboéntweigktul d be admi ni stered several days to

several houng prior to theTgseéhépapm@icelneé&ods, com fshtrlsaargnao acut e
situations, e.g., accident massi,ve bl ¢od an npl |igand

anal og coul d be Polypenkifies Qerdie Rxafenk ﬂﬁ”ﬁpﬁbﬁnowaﬁu?}??eheplatelets
35 -Themgpspae, r&ginerod rvplacatbinatdoneiwiel deher cytokimesting

t he above- descrlbe condi t wi || e WO 96/ 2549 . L.
PCT/ US96/ 02492 §TusPe %3&8 &! ! lupl® 1igana) rec?p%@’:iahemat°p°’a%‘%%crm ned

by the attendi ngfadysis) aintenhsikders ngrowth fagaprsusrfantblpediws cin nodi fy
the action qfy drygs, sfedement of dilAQe st g&@@' thagacbady u8! Ghtociigx and

di et of the € severity o ectiron, tine o
symptoms as well as platelet def1c1enc1es It is

anticipated that an mpl ligand analog molecule will
prove useful in treating some forms of thrombocytopenia
in combination with general stimulators of

20 hematopoiesis, such as IL-3 or GM-CSF. Other
megakaryocytic stimulatory factors, i.e., meg-CSF, stem
cell factor (SCF), leukemia inhibitory factor (LIF),
oncostatin M (0SM), or other molecules with
megakaryocyte stimulating activity may also be employed

25 with mpl ligand. Additional exemplary cytokines or
hematopoietic factors for such co-administration include
IL-1 alpha, IL-1 beta, IL-2, IL-3, IL-4, IL-5, IL.-6, IL-
11, colony stimulating factor-1 (CSF-1), GM-CSF,
granulocyte colony stimulating factor (G-CSF), EPO,

30 interferon-alpha (IFN-alpha), IFN-beta, or IFN-gamma.
It may further be useful to administer, either
simultaneously or sequentially, an effective amount of a
soluble mammalian Mpl receptor, which appears to have an
effect of éausing megakaryocytes to fragment into

35 | platelets once the megakaryocytes have reached mature
form. Thus, administration of mpl ligand analog (to



5 admi nistration and other clinical factors. Cenerally, the daily

regi men should be in the range of 0.01-1000 m crogr | i gand
anal og peW%‘pﬁ‘bgPam of body wei ght, preferably 0. 1- ?@n’ﬁ’?@g‘{rﬁm per
ki | ogr am of body wei ght. 10 The therapeutic nethods,
conpositions and pol ypepti des of the gresent I nvention may al so be
enployed al one Br3#¥Bconbi nati on with othe?0cyt oki nes, sol ubl e npl
(i.e., mpl ligand) receptor, hematopoietic factors, interleukins,
growth factors oenhahcéothesnimber IE ntattmﬁer wgmtryaf:ydes £agel b Sby
characterized by, S I atel et def iciencies. It
i's antici p&{nbxg Tha tlon é/fn{ | gan m)g chre prove

useful in treati ngasbmeat@rme cﬁnamm@cﬁldpeh ithe mature| n conbl nati on
w th general st'ayé_:,@kaf &res 2D Wgﬁ%'e&etgwctﬂsaéx%é%gi&ft@é &

O her megakary &C stimul"atory factors
cell factor (5SCF§’aer‘E|‘P< by i efif a5i%ioey meassor £ BEEpulating phaestetatin M
(CSM, or other pBb@E&tESHW lThe dosagém@%&%uoaﬁbeeswbma&é ngaAcddad ty

may al so' be enpl oyed 25 wt itional exenplary cytokines
or ermt ol CRTRSTaRY 627 Gruch, SRRl FORPaRPERe | 1o iR

| L-1 al pha, |L-1thetapeltid, cdrpcditiilond, Phrogrekk-6f the treated 11, col ony

P 4 O B ed St P AL SRR 1 1119

| FN- gamma: 10 It may faddhekonal Mﬂﬁlqad‘-m Wifstbe, apalbes of
si mul t aneously Oihﬁwgdtﬁdr%ma@n adkbesll varageanbuef &, sol ubl e
manmal i an Mpl receptor, which appears, toQ, have an ?f ct of causi ng

megakar yocyt es. t’o""fl?%@?%rﬁcqltﬂ‘&y' s§gbiliLia| Bﬁéfﬁkééeth%t%gaﬁébﬁ yocyt es

have reached natég@inple, pedyllaBiohNUpoledmomi mbhat ) oBo@id Y ddgndanal og
(to WO 96/ 25498 PCT/ UsS96/ 02492

A-337B e mpl ligapgd analog via,amine.d¥RWPH fherioPLRieHE
nmegakar yocy@l8s) ¥id |twhveedtanpohydrateadmonpst r akilsa, ofattye snidiler rypher

receptor (1o o1 yrdlACIdNALE e'6+283h88 2BdeAL! BYLLLE, B ure
carbohydrate groups.
The following examples are offered to more

fully illustrate the invention, but are not to be

20 construed as limiting the scope thereof. The mpl ligand
standard used in the biocassays employed in the Examples
is a recombinant mpl ligand standard that was expressed
in E. coli, refolded into an active conformation and
purified. Thus, only relative specific activities are

25 Dbeing measured.

EXAMPLE 1

30
: Human mpl ligand gene encoding amino acids
1-174 (starting with S-P-A-P-P-A...) of FIG. 2 was
generated from a human fetal liver cDNA library (Bartley
et al, Cell 77: 1117-1124 (1994) by polymerase chain

35 reaction (PCR). The 5' PCR primer encoded the amino

terminus of human mpl ligand, an XbaIl site, and an



megakar yocytes to produce platelets) is expected to be a 5 particularly

effective neans of stinulating platelet pr oducti on.
recited aPD®W28W d be adj usted to conpensate for £%qu96?ﬁ&§nal

conponents in the t herapeutic conmposition. Progress of the treated
patient can be nonitored by conventional methods. 10 Addi ti onal
nodi fi cations of athgzanal ogs of - thisyjnvention may also be carried
out, e.g., to I ncrease activity, stallity, haIf-Iife etc For

exanple pegylafl SImono could dde
li gand anal og vi & g’rﬁg‘ggeggr Ak sec{‘% &S ot é[%ﬁ g pri%‘e% §°?F%1E%ﬁ1b%hydrate
groups. Al so, fatelymana'ctsomrcqﬁdmrand a SalrIolryssErsctd)dhdsb&eattmé]ed to the

protein or amG P POLY 5 %z@ was digested with et %0%” ﬂgut are

exanpl es are offered ustrate e |nve

not to be 20 cb h%‘?rij%%la%%deH%%aﬁgaﬂ‘ies%&péthEP%W T’H’@en’ﬁesml’g@m

standard used i npliembd passRoR el QMifAndn 1t-|164E¥ra§ph§§d for marhfia Bian
reconbi nant npl C%Efnd st andard th was expressed E. coli,

refol ded into an | PRI rat (TGF Seguence °pr|1f*Ff¥%%‘11tl‘-\% gene y
relative SpECIfIc*mmluddﬁg(ﬁhéﬂsigna25pb@tﬂgemEasuﬁﬁdwn in FIG. 2.

EXAMPLE 1 Plasm:.&strﬂ\'[’ UCc;[oln na:.?f:.n aé}d % ?1_ 17

Human npl |igand gene encoding am no acl it f8fart 6W?h
S-P-A-P-P-A ..) digesdt@d vitds Xbal angeﬁgllét eéstroqtaoﬂnmmma.altﬂe ver cDNA
library (Ba Ie b se chain
35 reactlo%To ;suuljhrg gﬁ}%é%%#“le%? iv%%(% éﬁg?ﬁéé&?@o a/ggl%g’{f?;%_ nus of
human npl | i ande fFoariiorsisis., and &he 605 npomol/ bigwrsl 1-174 DNA

PCT/US96/02492 fragment Ava¥3 iBolated from the gel udiny a GeneClean™
kit and procedures supplied by the manufacturer (BIO .

101, Inc.). Plasmid pDSROZ2 as described in WO 90/14363

15 ({1990) was also digested with XbaI and Sall restriction

enzymes and the vector fragment was recovered. Ligation
of the two fragments results in pDSRa2 (mpl ligand

1-174).
20 | EXAMPLE 2
E ssion o 1 Liga —i7 in CHO Cells and
' . Purification
25 Dihydrofolate reductase deficient (DHFR;).

Chinese Hamster Ovary (CHO) cells were transfected with
pDSRO2-mpl ligand 1-174. A 100 mm tissue culture dish
was plated with 1x106 CHO DHFR™ cells grown in CHO D~
medium (DMEM, 10% Fetal bovine serum, 1% penicillin/

30 streptomycin/glutamine, 1% nonessential amino
acids (Gibco) and 1% HT'Supplement (Gibco)) the day
before transfection. Four transfections were performed.
For each transfection, plasmid DNA (50 ug) was
linearized by digesting with Pvu I and Buffer H

35 (Boehringer Mannheim). A DNA precipitate was then
formed and added to the plates dropwise as per the



optim zed Kozak sequence. The 3' prinmer contained a term nation

codon and a Salt restriction site. The anplified DNA S.
di gest ed wWw® 96548 and Sal | t-hen |i gat edn}too Xbal and g&?ﬂﬁ?&{zdﬁ
pDSR err] 2. The resultant 5 plasmd, pDSR[err]2 npl ligand 1-174 was
used for manmmalian cell expression. The sequence of the resulting
gene . (incl wH3IBFE he signal peptide) < @2shown in FIG 2.
Pllasm d DNA containing npl ligand 1-174 was’ di gested with Xbal and.
tSal | restrict : on Q{h&mmlﬁ,aﬂ ktel% ﬂ:Qanr‘sﬁ&utibﬁgKDNA(ipsagirm@ WRIGE a9Ubj ect ed
0 agarose ge el ec or,esi.s i gand 1- 174 DNA
fragment was i sol REEE FSm Sgéf ﬁs?:ﬁasge(%ﬂ%@%%rﬁ%‘?ﬁﬂat or’ the mediymy

procedures suppli esadirdglacemdnufiatt fresh( BHO D- mediurd.l Twenty) fdalram'uds
oo er i 200 desddad il ¥R13Y 1d383ep1 10 1nld W0t Alandlignted W N

Xbal and Salt res
recovered. Li gét i @lates Wld;ih 1e8 uﬁnofrﬁgﬁeﬁﬁée@és‘mdm n(fb‘I!ﬁN er5r%] 2 (npl

| i gand 1-174 dZQ t l B 1% EXAMPLE 2
Expressi on of Ml J'alyde e iy o%eogergnénd

Purification zi?ienl‘:lllln/SCreBtHWFéﬂégé‘t‘Ea’F%ct]a%é’%s&wl EPER- )
Chi nese Hamster Ouyddd Gddbcesh! pevewallr anaf ect &k fodnants werRDSRa2- npl

|l igand 1-174. A100 mmtissye culture djsh s pl.at.ed th 1x106 CHO
DHFR- cell's grown 5% dls} Meditm Wagi ﬁh‘?’("?)ﬁ&l\)[’ei% |-1«§’{tg-|l SRANE SFer um 1%

penicillin/ 180 sdpeaptednyeifiteyl swanwaeks1%mpbnkisse iaiprassion was
aci ds(G bCO) and 1%1@&1 @Io%ngg&v\éq:ﬁgoé?ﬂ lefjagrollfe;at{%. o %ssay

transfection. Four®trans ect ions
transfection, pl asiﬁ‘-ﬂ:rljlb@d( beloy) (was EX&mPlPl $kar |'¥&F%)F1<ﬁn§§st| ng with

Pvu | and Buffeér rg;smnggh@keggg Nznmmoﬁ)unw&ww@l%@ew&d

then f or med and add to the plates dropvmseal t he
frozen in cryogenlc storage One clo e was expanded for

15 roller bottle production and approximately 8 liters of
conditioned ﬁedium was produced.

Plasmid pDSRO2 containing mpl ligand 1-174
cDNA was transfected into DHFR-deficient CHO cells as
explained above. Two liters of serum-free CHO cell

20 conditioned medium (50% D-MEM, 50% HAMS-F12, 1%
penicillin/ streptomycin/glutamine, 1% nonessential
amino acids(Gibco)) from roller bottles seeded with CHO
cells expressing mpl ligand 1-174 was concentrated 15
fold using a 2L Amicon Model 2000 stirred cell and a

25 10,000 dalton molecular weight cut-off membrane (YM1O0,
Amicon). Forty-five milliliters of concentrated
conditioned medium was then loaded directly onto a 4 ml
hu-MPL-X affinity column at a flow rate of 0.4 ml/min
using a Pharmacia FPLC. The affinity column was

30 constructed by coupling 1.5-2.5 milligrams of Mpl-X (the
soluble extra-cellular domain of the mpl receptor) per
milliliter of Pharmacia CNBr activated Sepharose resin
as recommended by the manufacturer. After loading, the
column was washed with 16 ml of phosphate buffered

35 saline (PBS; 10 mM Na-PO4 pH 6.8/150 mM NaCl) and then
24 ml of 10 mM Tris, pH 8.0 / 1M NaCl. Mpl ligand
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A-337B - 22 - Manmal i an Cel | Transf | |t
(Speci al i tYWONGA5498 . After 24 hours in a tissue cul tui’ﬁ?#(?&ﬁ% or the
medi um was replaced with fresh CHO D- nedium Twenty four hours

| ater the cells were split into 96 well tissue culture 5 plates with
100 ul of CHO sel gcgzpgdi um (D-MVEM 5% - 23dialyzed fetal Bovine serum
1% penicillin/streptonycin/glutam ne, 1% nonessential am no

acids (G bco)) per,.webl,,and_tr e Yyl r ed,_Medi um was
changed weekl y: unt(il\IMilggl) oﬁlggs ?ﬁ%gaappe}grdé&é.ﬁAfotfqrzot m“%’e\%ggés%rrpl | i gand
expressi on was [Cyclobesphanifol - LsprepanesBionial lacpddl pHed @t bon Wesay

descri bed bel ow (gge1E%a8n,8 pd MPSE Fl@NESmia ressing in excess
of | x105 units/m vverl?expand(g%ihang Bt frozler?pirr?pg?igogeni c storage. One

cl one was expande@ifgfhylanmeniebrliREIRaNGTHARNGSA dRd Sappr SxprAbhieny. 8
liters of 5  epadsbboAQdfAREE Lok Wt TdedluCfingle band on a 14% Shasnid

pDSRa2 cont ai ni ng | Ligand 1-174 cDNA was transfected into
DHFR- def i ci ent CI—I@gEeI 'Irg‘gﬁsmaterlal %t aq%%\g\ﬂf@d LF%%F@ grchanged
serum free CHO cekbain2@ acsalihe oselitdesh wf (GO% BalEMan80¥ablAVG- F12, 1%

penicillin/ streptomycin/ tap ne, 1% td al . 1 NQ

acids(G bco)) f ro?%lf’of)ﬁé?g%%t%%eglgeeel egpivﬁi%%%n Vlvo'ce?%ggxg?léns‘ssi ng
mpl ligand 1-174 wésCHOncehlrexpressed mpl lifgandl wersgpur2Eigdi tnnaMdel
2000 stirred el | saRf18r mérndd, 000 dal ton nol ecul ar wei ght cut-of f

menbr ane ( YMLO, Am con). Forty-five mlliliters of concentrated
condi tioned nediumwas then | oaded directly onto a 4 m . hu- MPL- X
affinity colum at. a flowrate of 0.4 nm /gxamMpLE 3 using a Pharnmacia FPLC
The affinity col um was 30 constructed by coupling 1.5-2.5 mlligrans of

Mol - X (the sol ubl e extra-cellular domain of the npl receptor) per
mlliliter of Phar navONRrBirtdqimald Aamivditycofr Recambinant AL Mpl
recommended byg the manufacturer. After Ioa,g_%@dthe col um was
washed with 16 ml of phosphate buffered saline (PBS;, 10 nM Na PO pH
6.8/ 150 MM NaCl ) and then 24 M of 10 MM Tris, pH 8.0/ 1M Nad . Ml
l'i gand Platelet counts from mice treated with various

forms of mpl ligand were measured. CHO-derived mpl
ligand 1-~332, 1-174} 1-163, and 1-153 were produced.and

20 purified by Mpl-receptor affinity chromatography.

E. coli-derived Met-Lys-mpl ligand 1-332, Met-Lys-mpl
ligand 1-174, Met-Lys-mpl ligand 1-163 and Met-~Lys-mpl
ligand 1-153 were produced and purified by conventional
chromatography.

25 FIG. 4 shows platelet counts from mice
treated with various forms of CHO cell-derived (solid
lines) or E. coli-derived (dashed lines) recombinant
human mpl ligand. Normal, female Balb/c mice were
injected subcutaneously with the indicated concentration

30 of mpl ligand for 5 consecutive days. Test bleeds from
a small lateral cut in a tail vein were collected 24
hours after the last injection.' Blood cell analyses
were performed with a Sysmex electronic blood cell
analyzer (Baxter Diagnostics, Inc. Irvine, CA). Data

35 are represented as the mean of determinations of 4
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A-337B - 23 - (1-174) was eluted &ﬁ%"’gb of 20
MV CAPS (J¥096/23498 [ oyc| ohexyl ami no] -1 propanesul fonic aC|d¥kt 71
NaCl / 5 nM CHAPS( 3- [ (3- Chol am dopropyl)

di met hyl anmoni o] - ropanesul fonate) in 6 m fractions. 5 The second
fraction yiel ded %r 3Tl e band on a 14% SBS24 - gel. This material was
concentrated and buffer exchanged agai nst a saline solution of 0.9%
NaCl and was amﬂmhﬂ,oglle-alsltymdatdverrnrvofr thangean. ViotheO&od Or N6
of CHO cell expre d e_pu 1 m | ar manner.
EXAMPLE 3 ceft ‘fgr?a\#vt% él a8 Eé\% v %xt%‘fb]FS’ec%erﬁslrFa YhTa P TVl
15 red blood celg|g9ngts were not affected W athadset counts
frommce treat eq:]yggtthé{_pcrg qtagta not sfl 8iH%.of npl ligand were neasured.
CHO deri ved I | ga 1-332, 1-174, 1-163, and 1-153 were produced

and 20 puPified by Nblfm&téﬁﬁwﬂtéfﬂPﬁPF?téthﬁﬁtGEQaﬁﬁ&l expressed

K/glti-L der i vledI Met ﬁdﬁﬁnd é{‘é‘*g,f Impgaudg&na?»ﬂavéféanwﬁcf@ésed in ‘fgg“g%%ﬂ’lj‘zﬁ g
-Lys-npl ligan an wer e produce

and purified by c“iﬁ?\%ﬁ the' 56 cg&é’ﬁﬁt‘éﬁ ’E%Lylg gandz?mduced in G 4

shows pl atel et carpits. fl’HsdeISC31bed in Exasmpbel 6 t&he/alHa)uiélfloreEE@erssGHO

cel |l -derived (sol r ved da d_|

r econbi nant 1"‘q"hms of B n’BI Iﬁé ‘g E%) +£aﬂgrral s ?Jhplﬁ’l 53%\/\5

i nj ect ed subtft armbsil’wdmatth ehd thelsatedlcmmsﬁd apl llaandoffomls

ligand for 5 consgeydrve Mé m&éét@ée@'ﬁlétfE}Qéncarbohyq}a%réalethﬁE%al cut

in atail vein were collected hour s af i njection

Bl ood cell anal y&he in vivoarbipify opfrePhi tisandy She 1@I¢é’@?156ﬁ1| énpl ood
cel | anal yzeko (ala@&wr;yDtagaeﬁfe@Sbylme ddPHotsdrade mE9t Be a 35 are
represented as the mean (%f .determgatl ons, of 4 )

result of increased c¢irculatory half life, increased

15 stability or a combination of both.
EXAMPLE 4

onstructi i N2-N1
20
' Procedures for generating additional
glycosylation sites for mpl ligand are described below.
The followiﬁg oligonucleotide primers were
synthesized for use in in vitro mutagenesis to prepare
25 analogs N2-N14 (see Table 1 for the structures of these

analogs):
N2 - CCCATGTCAATCACAGCAGACT SEQ ID NO.: 5
N3 - CTTCACAGCAACCTGAGCCAGT SEQ ID NO.: 6
30 N4 - CAGTGCAACGAGACCCACCCTTTG SEQ ID NO.: 7
NS - GCCTACAAATGTCACGCTGCCTGCT SEQ ID NO.: 8
N6 - CCCACTTGTAACTCATCCCTC SEQ ID NO.: 9
N7 - CAACTGAACGCCACTTGTCTCTCA '~ SEQ ID NO.: 10
N8 - ACTTGTCTCAACTCCACCCTGGGGGA SEQ ID NO.: 11
35 N9 - CTCCTGGGGAACCTTTCTGGA SEQ ID NO.: 12

N10 - GACCACAAATCACACCGATCCCAAT SEQ ID NO.: 13
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A-337B - - 24 - animals, +/ - standa&@nﬁf t he
mean. O héVOBp/ag8s cel | paraneters such as total white b 5%@“%2?|
counts or - red blood cell counts were not affected by these
treatnments (data not shown). 5 The results indicate that CHO
cell expressed A-3370rns of npl |ligand hagg an increased in vivo:
activity Jelative to the sane forns of npl ligand produced in E

coll. o descri Beduin Brgepianbrctheatiibeehicerpiensal qf P!
ligand all contain / or | nked car drate ancF? he Ef 4
expressed npl Ilgéﬁé foﬂﬁ?CTCAAAccﬁgAﬁ%?GG¢%$§TTnd|cates tﬂﬁﬁ Jhalo. 15
car bohydr ate enhanges - TGGAAAthCAGA@G&'RG@R@A@' ty of npl Idggpng NTi"e 16

d t h boh d t b
osult of i noreaselhéit SGCACHAPAGRRCHREREE R o e ‘isy B3 NGy 67 a
coirbi nati on of 5bot h. EXAMPLE 4
Construction of Ml Ligand %Q@'%%éc@%cwlﬁlgmén S|?%sl*%ﬁn?wﬁ %7%ﬁa cedures

for generating additional ycosyla
descri bed bel ow. gene of FIG. 2 waHhentmdwd]glrcﬁq ddraic laagt isdd Ipr i rrers

wer e synt h%%&%fi&%ﬂé& 'ﬁléfééﬁé’drﬂﬂi%@rf%ﬂtosii%%&gre 25

anal ogs N2- N14 (see Table e structures anal ogs) :
N2 - CCCATGTCAATCEGK@eﬂedcﬁNA was recovergi(Fyen Nypemnatants ofgE. coli

CTTCACAGCAACCIEAGCSeAEEn RZ1032 infeSEhd |y N 3m1 8 (m3fd ﬂy@and 1-174) as

CAGT GCAACGAGACCCAGCCT T
GOCTACAAATGTCACGCREEETEBRE by K‘mkeéEle Bing Meghiods ingzymol. 1541367
CCCACTTGTAACTCATCQQP87) and Messing, SMEthbBdBOin fnzymol. NMOX:20 (1983).

CAACTGAACCCCACTTGEGECECA Y 1 ¢ ro mutagéﬁgéig) roxdihately o8 ng of single-
ACTTGICTCAACT CCACCCTGGEGEGEEA o 11

stranded DNA and 0. 125 pmole of one of the synthetic

15 primers described above were mixed with 6 Ul of buffer
(250 mM Tris pH 7.8, 50 mM MgClz, 50 mM dithiothreitol
and 1% Bovine serum albumin (BSA-Pharmacia)). The
primers were previously kinased with ATP and T4
polynucleotide kinase prior to addition. For annealing

20 of the primer to the template, the reaction volume was
adjusted to 10 Ul with water, the mixture was heated to
65°C for 5 minutes and then allowed to cool to room
temperature. For the elongation reaction 2.5 Ul of each
of ATTP, 4ATP, dGTP and 4dCTP and 1 ml ATP (all at 10 uM)

25 were added, followed by 1 Ul (1 unit) of E. coli DNA
polymerase (Klenow fragment) and 1 ul (1 unit) of T4 DNA
ligase. The mixture was then incubated overnight at
14°C and used to transform E. coli JM 109 (Yanisch-
Perron et al. Gene 33, 103 (1985)) as described

30 (Messing, supra).

To identify mutant clones by differential
hybridization, plagues on nutrient agar were transferred
to Gene Screen filters (New England Nuclear). The DNA
was cross-linked to filters by irradiating them in a UV

35 Stratalinker Model 1800 using the auto cross-link mode
(Stratagene). They were then incubated for one hour in



35 N9 - CTCCTGGGGAACCTTTCTGEA ' SEQ ID NO.: 12 N10 -

GACCACAAATCACACCGATCCCAAT SEQ ID NO. : 13 WO m%§§

PCT/ US96/ 0Y9J6/25498 A- 337B - 25 - PeH '%Tg\fff -
ACCCTTTGTCTACAAATGTCACGCTGCCTGCT SEQ ID NO: 14 N12 -
TCTCTCAAACCTCACGGGEGEEAGCTT SEQ ID NO.: 15 N13 -

TGGAAAAAT CAGACGGALIHS - ' SEQ | DJ\IQG .16 N14 -
TGEACEACAACAAGA%ACAGEACAT SEQ I D NO. : f c '
To construct ni 18 17 of FI was

i ntroduced into %é sg{]o Sga‘?ﬁ\?a%l/o 0%Mr é’?t FLEFRER) e%?%lm’g%s%%dﬂ?ﬁ 3l 8
DNA. Single 60°Cst r&m&edh@NhyMidieacyenedthéomswﬁwpécﬂmdie Hrifmecol i

10 strain RzZ1032 3 8 I 74) , as )

descri bed by Kunkellf’m%a gqe%%et@ﬁ s |% nzlﬁrbm 1‘5%,%% %4 polymulgotige

Messing, Methods kinaseyand . Y 38p-2gbe1e833TP and inculmted witr che

mut agenesi s a@prO% { ped.gl %&r%l@gltofmsgggggc déﬁ% V‘\%\}A and 0.125
t ove e

prol e of one of e synthetic pri mers descrl m xed
with 6 pl of buf fhﬁrrmg sperm@@AmMﬁu bypridigatbon nememdturnds wsrenM

dithiothreitol chosen mo&@lﬁgv»caeegeamabbam aliﬁﬁﬁnﬂ‘@éﬂn@dﬁc eotldﬂéﬁ

primers were preV|ousI klnas TP an
ki nase prior to :Rﬁj‘rrﬁ . IJrH’eé Pngybri BzaB¥°’?h"ee’B??Ifﬁbruﬁ% “wafe
tenplate, the r eaaqipml\malum WaSC less thdhushedméDtity Poit .h T @lextt he

m xture was ate o] [err nut £s and, the dto
cool to roomtl]S éjaa} the rf]'tlltj:e?:g E’erLt H%gé?gng‘g?l ohm?seac’ttlkb é};zagjé% of. each
of dTTP, dATP, dGHS em:dhd@i‘lidandtiom tmpetatﬂlratfqmcp}#@d by 2o warshezdded,

fol lowed by 1 pl filrinid sspf a.E hgﬁirﬁ.d%lon t?m %Sﬁd @u@}%‘@ted

fragment) and 1 pl (1 unit) of ase e mxture was .the
i ncubat ed over ni it axtoradiograghyy ] F:faﬂ%:ﬁ%%%irfo thefilsanss wezrs ithem 109

( Yani sch- washed with 6x SSC at increasing temperatures until

15 little or no hybridization was detected to plaques
having the wild-type mpl ligand cDNA sequence. Clones
that gave positive hybridization signals under these
conditions were identified and retransfected into JM109
to isolate a pure clone. Dideoxy chain termination

20 sequence analysis indicated that the mutations were
present.

Double stranded ml3 mpl ligand 1-174 DNAs
carryving the desired changes were recovered from JM109
transfected cells with QIAGEN kits (Chatsworth CA.)

25 using methods supplied by the manufacturer. The DNAs
were digested with XbaI and SalI and the 605 bp mpl
ligand DNA fragments were isolated. pDSR0O2 was digested
with Xbal and SalI. The vector fragment was isolated
and ligated to the mpl ligand fragments above.

30 Recombinant plasmids were identified by restriction
analysis. The resulting plasmids (designated mpl ligand
1-174-NX where NX is the analog number) contain DNA
encoding mpl ligand analogs having altered amino acid
residues at the indicated positions. The resultant

35 plasmids were then sequenced again to confirm the
presence of the desired mutations.
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To identify nmutant clones by differential hybr i di zat't SBer S on
nutrient X¥@P6/dP%® transferred to Gene Screen filter 8?’!% ngl and
Nucl ear). The DNA was cross-linkedto filters by irradiating themin
a W 35 Stratalinker Mbdel 1800 using the auto cross-I|ink node
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SSC(0. 9M NaCl / 0. 09M Na ci tr@ﬂg)?ﬁé’?&%'ﬂ??nés%c%'ﬂ%&hctgd th?gokngl e"scl:? For

t he hybridi zation, the oligonuc was
end-| abel ed with a‘ﬁdpbimlbll‘édtllrd@d glycosmln&senaﬁuters 32P-padEt eehsAT® and

incubated with thgna 120. fidBsRdER2 QMﬂr m;@aatnd 1 7@%N3SEonBa i RPSAansh 1283
ug/ m herring sperm DNA. The ridization ter?er atures were
chosen accor di ng TRr 23t THERECRT S ﬁ%ﬁ&éltéét WiEhnEpa{ ngnd PStI pojnts.

Gener al |y t he shybrégtZpdéd oh (iRl Wnd \the approx:.zﬂ&@éWU@Si ehy g err]C

I than th | £] ' T t hed
tuo tims wi th 6x cpdfh bas WIRGE. pHERod¥ey BRonblt B1E-E8° (T ONC
by two washes com t &1 i SIS redt2 Oh \amd dhraﬂaomutenpenatms da:miestué); edittd
to autoradi Ographﬁ!stifaﬁ‘f‘?%tsf@/est&fl% okt %Mﬁ@%t?ﬂ&e&e a%% X%?Z(ﬁ IyW'”‘

6Xx SSC at increasin ures
was detected to pPagurs "Da fragment, grashd sptpgetly pePRBR

sequence. - G @Res ywith xbatfaénaaséqnoosmevefeexew éf&;&héﬂe ﬁagn?éélmr
t hese conditions were identified_and retransfected into JMLO9

to isolate a pure®®d ohegatsdH sk Fien Pt LdfArAatragmenty akRien®hal ysi s
i ndi cat ed t hat. t'heesultdd drs PSR2 mpl lggesdnl74-N15 that containgoubl e

ecovered 1 rom TR TEEYh:, Auiac. gnde FRE LI RbTSLERFIATR ((Chatoworth
CA) 25 using net hods sumésecbér;enaiemmsrwere Thed DhiAs wer e
digested wit ESXbaéoﬁ};q:& tt}@%ﬁth1ggﬁdbgngE5gs shown in Table 1. The

DNA sequence changes for each of the analogs are shown;

otherwise the oligonucleotide primers used for

mutagenesis had sequences complementary to those of

human mpl ligand.



| igand DNA fragnents were isolated. pDSR err]2 was di gested wi th Xbal
and Salt._The vector fragnment was isol ated and |igate I

| i gand fréﬁﬂ%@ﬁsg 8 bove. 30 Reconbinant plasm ds were i deﬁﬁ’?rsﬁe f){/g)
restriction anal ysis. The resulting plasm ds (designated npl |igand
1-174-NX where NX is the anal og nunber) contain DNA encodi ng npl

| i gand anal ogs haw3ngealtered am no acid - 28 -residues at the indicated
positions. The resultant 35 plasm ds were then sequenced again to
confirmthe presence of the desired mutations. WO 96/ 25498

PCT/ US96/ 02492 A-337B - 27 -

The anal og N15 was constructed that had t WHBLE 1 addi tional NIinked

gl ycosyl ation si tesxnatl.ogdsi tions 30 Amino aapd 120. PDSRa2 ndechietiad
174- N4 cont ai ni'ng atr ons was di geste wrth Xbal

and Pst | 5 -k ‘ ¢l LoD |
fragnent was isol at ech PDSR[ er-n}ﬁ rﬁpd iI"gegdly -diE.Deted CCA—TGHR &kdabn:gdon)
Asnl 20 and Thrl 22 nmutations was digested with Pstl and Sal |
restriction enzynes and the approxinatel, 220 nt DNA fragnment was
i sol ated. pDSRa2 was NAR gest ed 10 Law’Ramn?%and Sal|. COReAAt or
fragnment was isol ated and Irgat ed to the npl [igand fragnents above.
Thi s resulted in PDSR[err] 2 "?.r d 21_-,74 N15 t hat contains
Asn30, Thr32, Asnl 20 ¥hd Thrl 22 subs tgutl AGA—AAC Thege
gener al procedures were used to construct the npl |igand anal ogs
shown in Tabl e 1. Tr}]:@r % qagnae ﬂmges. @z eag, é‘%oc%r.f heAie:a l,ags
are shown; ot wi se the oli gonucl eot1 de priners use
nut agenesi s had sequences conpl ementary to those of human npl
l'i gand. N5 Pro38, Leu?0_;Asn38, Thr40  ccT,cTG —AAT,ACG
N6 - Leu86—5aAgn86 CTC—AAC
N7 Gly82, Pro83—asn82, ala83 GGA,CCC-—AAC,GCC
N8 Ser87,Leu82—Asn87, Thr89 TCA, CTC—AAC, ACC
N9 _ G1ln92—Asn92 CAG—AAC
N10 Alal20, 1,ys1225a9n120 Thrl22 GCT,AAG—AAT,ACC
N1l Pro36, Pro38, Leutlo CCT,CCT,CTG—
Ser36,asn38, Thr40 TCT, AAT, ACG
N12 Ser88Leud0—asn88, Thr0 TCC, CTG—AAC, ACG
N13 © Thr53,Met55->Asn53,ThrS5  ACC,ATG—AAT,ACG
N14 Thr58,A1a60—Asn58, Thr60 ACC, GCA—AAC, ACA
N15 Pro30,val32,a1al20,Lysl22  CCA,GTT,GCT,AAG—

Asn30,Thr32,Asnl20,hrl22 AAC,ACC, AAT,ACC



WD 96/ 25498 PCT/ US96/ 02492

A-337B - 28 -

02492
TABLE 1 WO96/25498 A5 og/ _ Am no Acid PCTIUS36/ Sequence
Speci es No. Substitution Changes N1
(1-174); Pro[err] >, 2 del eted CCA->TGA (gt op codon) N2
Leu22->Asn22 3C§%(/%T >AAT 2§
Arglerr]- >Asn25 N4 Pro[err]

Val 32->Asn[err]*, Nefrs? Ar@éﬂgeﬁz ~JAAcapecsynonymously refqgred t

Pro[err], Leud0->3fsrdth adladalogel 2C16. - >PATtREES, as used herein NEor
Leu86- >Asn86

G > . N7 ays2. .
Pro[err]->Asng2, %a&%‘}g GC@A SE&E] ARk, Hgand means that a"NéSParagmesE%?,

Leu[ err]->Asn87, HéerBBubstiChte@TEorAbBe Ano acid at positidth 22 in

3 n92- >Asn92
Alaferr], Lys[err] >eA§a[rer%1%% 5’% lé&?ngAff ﬁ%gg%%ng considered, N1l
Pro[err], prO[erfhidteuseprjeferablegcy, tggpa@‘rgpquence having at least

Ser 36, Asn38 Thr 4Qmino acils! 7A451A68 FIG. 1 (includi¥e th
Ser88Leul err] - >ASHBE G0 > TOC CTG SARG, ACG ® preferred
human mpl ligand sequences set forth herein above).

Thus, substitution of an asparagine residue for a
10 leucine residue at position 22 of mpl ligand 1-174
(human sequence) yields an mpl ligand analog that may be
~.represented by [Asn?2] mpl ligand 1-174.

_ Plasmids designated pDSRO2 1- 174 NX (where NX
is the analog number) were constructed by inserting mpl
15 ligand DNA into pDSR02. The expression vector pDSRO2 is
generally described in WO 90/14363(1990). pDSRO2 mpl
ligand 1-174-NX plasmids were made by digestion of
pDSR02 with Xbal and SalI. The vector fragment was

isolated and ligated to the approximately 605 bp

20 fragments containing the desired sequences.
EXAMPLE 5

ressi of 1 Li d a M Ligands N1-N15
25 in COS Cells

¢DNA clones of human mpl ligand and mpl ligand

analogs described in Table 1 were transferred into COS-1
cells (ATCC No. CRL-1650) by electroporation. COS-1

30 cells were harvesﬁed from semi-confluent dishes, washed
with medium (Dulbecco's modified essential medium
containing 10% fetal bovine serum and 1%
L—glutamine/penicillin/ étreptomycin (Irvine
Scientific)) and resuspended at 6 x 106 cells/ml. One

35 half ml of cells was transferred to a 0.2 cm
electroporation cuvette (Bio-Rad) and electroporated



N13 Thr 53, Met 55- >Asn53, Thr 55 ACC, ATG >AAT, ACG N14

Thr58, Al a60->Asnb8, Thr[err] ACC, GCA->AAC, ACA

Pr o030, Val 3VOP6RMWN | |ysferr]-> CCA GIT, GCT, AAG > PCT/USHNO2452
Asn[err], Thr[err], Asn[err] Thr[err] AAC, ACC, AAT, ACC WO 96/ 25498
PCT/ US96/ 02492 A 337B - 29 - Not e:

Anal ogs N2-N15 ar@-3yd8nynously referred to 30 = herein as anal ogs 2-15.
Further, as used herein, for exanpl e, [Asn22] npl |igand neans t hat

an asparagi ne haswith a BTKeEhéstmn@¢IanxnhfSMsudmeEaEcn@oaelm at position
22 in 5 the pfx&khﬁﬁhél’:o,@péoé'% @R?é"a%?d ti]%'o”%‘i?gs' QeEﬁgn Low

which is preferab uman sequence havi ng aci ds
7-151 of FIG 1 (Vﬁépaaengethen@r‘e#@?r%% ug of pPlpemad PRR éngedingethences

set forth herein ﬁBQvﬁlgand analJ&““ﬂTﬁéﬂéﬂéédﬁdﬁBQaQEdaEe§§Qaﬁggénﬁlé&éﬁdue

for a 10 Ieu0|ne re5| due, at $05|t|on 22 0
(human sequence) §PelBE BR FhFsy Qﬁﬁﬂqifqlhﬁzlﬁa? bef medium.
aepresent Sd béR% Azwa2yenpb tw@tty flouk’hours after platlng til?ééhﬁaa%%n m)ras
esi gnated pDSR err is the ana number ) were
constructed by |ﬂ§8¥§? . +€g§£qg¥ilq{i§ﬁfﬁﬂNREdﬁ E@Efe???g

expr essi on vectormp@SEiaZwas collectegbriertad ISy daescalfbed eheedﬂ-oporatlon

90/ 14363(1990). pDSRerr]2 npl ligand 1-174-NX plasm ds were made by
di gesti on of pDSR err]2 with Xbal and Sall. The vector fragnent was

i sol ated and 40 gated to the approxi natel FX8Y¥BLEp6 20 fragnents

contai ning the desired sequences. EXAVPLE
5 . Characteriza io £ Mpl Ligand and Mpl Ligands N1-N15

A. Determination of Carbohydrate Addition

15

A volume of supernatant containing

approximately 30-60 ng mpl ligand or mpl ligand analog
from COS cells transfected with mpl ligand analog cDNAs
as described in Example 5 was immunoprecipitated

20 overnight at room temperature with a rabbit anti-mpl
ligand polyclonal antibody. In some cases where
expression was low, a maximum volume of approximately 8-
9 ml was used for immuno-precipitation. The antibody
was raised to mpl ligand 1-163 that had been expressed

25 and purified from E. coli. Thirty pul of 1:1 Protein
A-Sepharose in phosphate buffered saline (PBS)
containing 0.1% sodium azide was added to the
immunoprecipitate and allowed to incubate for one hour
at room temperature. The samples were centrifuged,

30 washed with PBS and resuspended in SDS sample Buffer
(0.125 M Tris~HCl pH 6.8/ 4% SDS/ 20% glycerol/ 10% JB-
.mercaptoethancl/ 0.001% bromophencl blue). The samples
were analyzed by 12% SDS-polvacrylamide gel
electrophoresis, transferred to nitrocellulose and

35 subjected to Western analysis as described (Burnette et
al., Anal. Biochem. 112:195-203 (1981); Elliott et al.,



Expression of Ml Ligand and MD1l Ligands N1-N15 25

in COS Cells cDNA cl ones of human npl Ii,g-ia,ﬁggmdgzrrpl

| i gand WO 96/B4M 0gs described in Table 1 were transferred into COS-1

cells (ATCC No. CRL-1650) by el ectroporation. COS-1 30 cells were
harvested from sem?r_g fl uent di shes, washed, _ w th nmedi um (Dul becco's
modi fi ed essenti &~ cont ai ni ng fO%fet al bovine serumand 1%

L-gl utam ne/ penicillin/ streptonym n (lrvine Scirentific)) and
resuspended at b fenee’e}§E7I80 619689)) A5 1ng, ¥ Mouss aEA-FPkadigand

transferred to a thzgo@IBnal ant:ﬁidﬂi;t AR tenaCHyather { 8i gp Radh) gl
el ectroporated 96/ 25498

PCT/ US96/ 02492 pept:.de AL%§7B corresponding to a.m1§6 acid res:.dq,ﬁq H; BTX
El ect roporati on %lzt@fnﬁ@Ct]r)OC@He mpl lighldi. puhah@mﬁ@ObaﬁdsBEu@ezt&: and 130

volts on the | ow settl h pI asm d DNA encodi ng
t he mpl® | |‘éja?1"ba]a’h%?% éEtgfq'r \gp%’r 6{?9‘89 wer e pl at ed 5 on
100 Mm ti ssue cul ture dish FEG105 n:*.hQJﬂs rige tu oS Cell SWmelmétaotSV\émly f our

hours after plating 106 JElHBURS with anaiB8BLARE] Wt bndvid Miaflesh

medi um The condi T10oned medi um was co ect ed 3 to 5 days after
el ectroporation. revealed increased size compared EgAhpggpﬁsequence mpl

Characterization p{ Mo i_-;‘gam)andm lgi ga.adg MNhalN1SoS cell
Det er m nati on of Car bohydr at e Addit

super nat ant ¢dnt a$‘1‘ﬁ’?ﬂ§"atants )8 elt§7a§6f85tﬁ6 Wb?hll?ng%lhﬁwo‘f arﬁ A
l'i gand anal og DNA faye GER drldredsednsficet edmpatrbdnpd hugemdsempadroge ¢ DNAS

.mpl ligand. This increased size is indicative of an
édditionallN-linked carbohydrate chain. N15 contains
two additional N-linked glycosylation sites. FIG. 6
15 indicates that this analog has material with a size

greater than analogs containing only 1 additional
N-linked glycosylatioh. The sizes of the proteins were
estimated from their mobility on SDS-PAGE relative to
protein standards of known molecular weight. The

20 estimated sizes of the larger bands calculated from FIG.

6 are shown in Table 2. This result indicates that N15
contains 2 additional N-linked chains. Western blot

analyses of other selected analogs are also shown in

FIG. 6.



as described in Exanple 5 was i munopreci pitated 20 overnight at room

t enper at uw’lez%rbsa rabbit anti-npl | i gand pol ycl onal mdnidyeRyesz! n

sonme case % expression was | ow, a maxi mum vol une of

approxi mately 8- 9 m was used for imuno-precipitation. The anti body

was raised to npl ligand 1-163 that had been expressed 25 and purified

fromE coli. TQ%I ﬁ” of 1:1 Protein _ 5 A- Sepharose i n phosphate

buffered saline Iéﬁs cont ai ni ng 0.1%>sodiun1azide was added to the

I mmunoprecipitate and allowed to incubate for one hour at room

tenperature. The sanples were centrifuged, 30 washed wth PBS and

resuspended in SDS sanpl e Buffer tABARS2 M Tris-HCO pH 6.8/ 4% SDS/

20% gl ycerol/ 10%[err]- mer capt oet hanol / 0. 001% br onmophenol bl ue).

The sanpl es were angl yzed by 12% SDS: pol yacryl am de gel

el ect r ophor esi s, transfer@dh‘ﬂ%ﬁéro&é"l b%déﬂge §§t| @Sted to

Western anal ysis as described (Burnette et al ., Anal. Biochem

112:195- 203 (198T)Npiligdn@ L €L MBlecular VI SBEARA IS No. of Potential |

PCT/ US96/ 02492 |analog  (1-174337Bveight (Da) _ Weight shift(D3} = N-Linked eN€
l'i"gand SR L]

79:167-180 (1989)) uSing a nouse anti - npl ongl anti body
raised to a syn{hetic npl Iigand pedved ENtfrel.  (EPTKRTBRE]I Ng to

am no acid resi fTRY fNati 35090 F1 G 1). phe npt t1gagd contjai ni ng
bands were b Vi S(N l|V§)ed usi Bg7a ECL kit £4ggrsham. 9

FIG 5 shows that el | supenpRapants fromgsgg cells t}ransfect ed with
anal ogs N4, N7 and g?g 7ogveal ed i §ased size gonpargd to human
sequence npl rl, gand 174 é%li o FIG 6 s t hat COS1ceII 10
supernatants frpm cerhtg transfe%tﬁ 0with N13, ¢ and N4 DNA al so

ze Y

had i ncreased s ggﬂgared to 5313 sequencg0000 npl Iggand. Thi s
I ncreased si ze | ' et ' bohydr at e

chai n. N15 contai ns two additional N-linked glycosylation sites.

FIG 6 15 indicates that this analog has nmaterial with a size

greater than.anal ogs contajni ng onl d%ietio al N-|inked

gl ycosyl at i o%. The si zes g)f“ﬁ%%eﬁrlg% i%ng'a Pgr@ormed to show CHat' the
increased size of mpl ligand analogs is due to N-linked

carbohydrate. COS cell conditioned medium containing
mpl ligand was immunoprecipitated and washed with PBS as
described above. To each tube was then added 10 {l 0.5%

10 SDS and each sample was boiled for 3 minutes. Then the
following components were added: 10.8 pul of 0.5M NaPO4
pH 8.6, 5 ml of 7.5% nonidet P40 and 3 ul of 250 unit/ml
N-glycanase (Genzyme). N-glycanase treatment removes
N-linked carbohydrate. Samples were incubated for 6

15 hours at 37°C. The reaction was stopped by the addition
of SDS-PAGE sample buffer and then subjected to SDS-PAGE
Western analysis (12% acrylamide) using an anti-mpl _
ligand monoclonal antibody and an anti-mouse ECL Western
Detection Kit (Amersham) as described above. Aan

20 analysis of N-linked chains using this method is shown
in FIG. 7 for human mpl ligand and mpl ligand analogs.
Following treatment with N-glycanase the mobility on
Western blot for N4, N7 and N10 was reduced to that of
N1. As expected, treatment of N1 with N-glycanase had

25 no effect on mobility because N1 has no N-linked



estimated fromtheir nmobility on SDS-PAGE relative to protein
st andards of known nol ecul ar wei ght. The 20 estinmated si Z%ﬁ}‘ﬁf%@ﬁ%
e 'S

| arger band¥00%R¥MBated from FIG 6 are shown in Tabl

result indicates that N15 contains 2 additional N-1inked chains.
West ern bl ot anal yses of other selected anal ogs are al so shown in
FIG 6. WO 96/ 8

PCT/ US96/ 02492 43398, 3308 "33 - L3

TABLE 2 N- Li nked Car bohydrate Estinates

Mpl
Ligand Ml ecul ar S1YCORBLRELPRr SIR@S - of TR H§SHIts indicargl shat1thes)

Veight (Da) WeightindhebbbBayizd bbekefed is due to addition of N-linked
Chai ns (Over Native) (@ KbDal/Site)

N1 (Native) 235063rb°hydra“eo 0 N4 28700
5200 N7 27200 3700 1
2%80 | | 272§)0 B Analy’sszgI of O- l:.nkec%é:mfd:ohydrate gégﬁpl ligan§6]7_00
N15 33500 10000 2 5 An experi nment
was perfornmed to show that thg analyzelgﬁée@,g,ﬁgrfg@ﬁ&{ Jdb-! ig&gg anal ogs
I's due to N-1inked car bohydrat e. cell_conditi one& um

cont ai ni ng fBE Ph@@ﬁﬂt%@lmﬂ |Jﬁ1qaa&dedvaﬁa°uasﬁ@§mw ¢f FHBS as

descri bed above. Tgreaehntwbee Werifiuy artdad ckd Rlel. 8¥ndiddons@hmaddh eagh
sanpl e vas 'bOilloed ]::lgrscrl eguébegve TheE[.]act‘kx ef.orm received +/- treatment with
O~glycanase (Glycopeptide alpha-N-acetylgalactos-
~  aminidase, Oxford GlycoSystems). O-glycanase removes
O0-linked carbohydrate from glycoproteins. The E. coli
expressed version of each form was used as an

15 unglycosylated control. To resolve the difference in
molecular weight contributed by O-linked carbohydrate,
it was necessary to remove any N-linked carbohydrate
first. Since the full length version, mpl ligand 1-332,
contains N-linked carbohydrate, the CHO cell expressed

20 full length samples received N-glycanase (peptide-N4- (N-
acetyl-beta-glucosaminyl) asparagine amidase) treatment
as described above for COS cell expressed mpl ligand
analogs, except that the N-glycanase treatment was an
overnight incubation.

25 Before proceeding with the O-glycanase
treatment on full length (1-332) mpl ligand, the pH
range of the sample was adjusted to pH 6.0-pH 7.0 with
1/15 volume of 100 mM acetic acid, pH 2.2. One
microgram of protein was denatured by boiling for 3

30 minutes in SDS and incubated at 37°C for 60 minutes with
1 U/ml neuraminidase (sialidase, from Arthrobacter
urefaciens, Boehringer Mannheim) in 1 mM calcium
acetate, pH 6.8 and 20 mM sodium phosphate, pH 6.8.

Subsequent treatment with O-glycanase was done

35 by adding 5 mU of enzyme in a final volume of 100 ul,

followed by an overnight incubation at 37°C. Proteins



foll ow ng conponents were added: 10.8 pl of 0.5M NaPO4 pH 8.6, 5 m

of 7.5%n 40 and 3 ul of 250 unit/m N- gl ycan )
N- gl ycana%gﬁggg renoves N-1inked carbohydrate. ?ﬁes %/(vienrae
i ncubat ed for 15 hours at 37[err]C. The reaction was stopped by the
addi tion of SDS- PAGE sanpl e buffer and then subjected to SDS- PAGE
West ern anal ysi s Xd%mcryl am de) using an. ai i— npl | i gand nonocl onal
anti body and an_anti-nouse ECL Western Detection Kit (Amershan) as

descri bed above‘ \.?gP/laEHE}l Yo gfepy-ragg&egycgﬁgnﬁandpgsé his nethod is

shown in Fl G 7 for_ human hal ogs.
Fol | owi ng tr eat nedEr¥gamidelyl y@&rgré%’lﬂﬁetﬁésﬁlfﬁtyt@no 2 um \Wstern blot for

N4, N7 and NLO vagiyesioadilae bald ebernighcNinchBaexhechath dieahgnt of
N1 with N-glycanase h no effeci) 8n nobi l ity because as no

N-1i nked \éé 5§§yclonal antibody the mpl ligand proteins were
PCT/ US96/ 02498  visualize® 3¥iBg an anti-rabbit ECE Wéstern Detection

gl ycosyl ati on si tes %s%hr ults indicate that the i ncreased si ze

observed is due to a I-on ‘N-1inked car bohydr at e. 5 B. .
Anal ysis of O linked car borﬁll'd?f atde showspla Wegartdn blot of four differdm:

anal yze the cont riduid O Sl hBiodigana,  EA{EOIMIAL Spho IUIRD 1Dl

| i gand, various forns of protein were
condi ti oned nedi alsa§ePrefGntGéséP| baRegbdved: mEhchigandnyddd \ledes 4-6,

treatment wid mpl 11@aﬁwqamese1éﬁeycmp§ptaﬁ& r@épm&d&:@qhﬂ's%ah%fe S-
am ni dase, Oxf orﬂ‘ coS&st emsé géycanase regro OI I nke
carbohydrate fromgiycop GEBFRENtTHLCR nepFaminidase @ﬁﬂ@s cF&eseon of

each form was usedhoam dn lan&s 2uBgBycasd| bl pdredbuded|the Tdlemalaye t he

O o ary VeionEPbECUhat Y8l 01 GO0LU UL e ve, 011 902§y g at e

it was necessary to renmove any
and 12. In every case the moblllty increased to that of

15 the unglycosylated version expressed in E. coli. These
results indicate that the larger sized bands, in lanes
1,4,7, and 10 are due to O-linked carbohydrate. The
molecular weight of each of the bands was estimated by
comparing their mobilities to proteins of known

20 molecular weight.

As seen in Table 3 which shows estimated
molecular weights of the different proteins, the
apparent shift in mobility could account for as many as
14 O-linked carbohydrate chains (assuming 950

25 daltons/chain) for mpl ligand 1-332, 9 chains for mpl
ligand 1-174, 4 chains for mpl ligand 1-163, and 2
chains for mpl ligand 1-153. The sample run in lane 2
is full length mpl ligand 1-332. It would appear that
this protein was degraded, possibly due to extended

30 incubation in glycoenzymes at 37°C. Therefore, the E.
coli expressed unglycosylated version in lane 3 was used
to calculate the approximate molecular weight of O-
linked carbohydrate added to CHO cell expressed mpl
ligand 1-332. '

35 These results are consistent with the presence

of carbohydrate on all the CHO expressed forms of mpl



first. Since the full length version, npl ligand 1-332, cont ai ns

N-1inked CWé te, the CHO cell expressed 20 full -1 enghysgspdeas

recei ved e (peptide-N4- (N acetyl - bet a- gl ucosam nyl)

aspar agi ne ani dase) treatnent . as descri bed above for COS cell
expressed npl |igand anal ogs, except that the N-glycanase treatnent
was an overdiHhtBi ncubat i on. 25 - 35 - Bef ore proceeding with
the O gl ycanase treatment on full length (1-332) npl ligand, the pH

range of the sanplbigwsd athstsdchd The piteSeepHoE. O-hihked carboHydiated|wsE

of 100 mM acetic f
denat ured by boil |§1%Ig¥ ﬂ%& 1.2q§0 m rﬁ:l?tlels e@%&%ﬁéﬁﬂb?%ﬁ%&fﬁa&n%”] C
for 60 minutes with74, and I-1§inibmelirgstnrdadesisi ofi dasesadclmmide

Art hrobact er &4 ACi &S siBaghy i 'a'&@l%% N@Eﬁ!ﬁﬁb Mind o1 WaLA! 5 180seq
acetate, pH 6.8 and 0 mvl sodi um phosph ate,

Subsequent t r e&t meFEOTN $H TORFIQFEeiRSs & Y\/\/&§130E¥dr0§3515y HRling 5 nU of

enzyne in a final m@iﬁ&d}faﬂl@ésﬂwere detectedl Byc/eld;.@ly PesieFd)i fHilon

i ncubation at 37 err ins /25498
PCT/ US96/ 02492 [ cé'g atography ang pulsed %perometrlc (0.2

ug/ | ane) were sepadenact:b;n SB3-1PAGK el Stgars weracdgtemtele)in Faldlowimghe
Lranstel 10 0-2 Whorms ot Mol d98bid 0361 3"AeQUELN UnddicL] OfF Wil

anti - npl | i'gan Honal¥ant i roteins Wwere
5 visualizedl@si mregensas |<1fr mltmE@Emegp@ﬁalmgzc@Tbmked Ki t

(Arer sham . carbohydrateF | @hl% S.QQWSCQr%ﬁ.@éQ J?iﬂ{ He fﬂyrv.ﬂ}dc fkant
forms of human npl |igand., Ful

represented in |ars Seep 1ﬁ’pl"?llq gén&'hfrfﬁHPa%%%l49@1'3551?55 frﬁﬁmﬁ iAFa el

1- 163 | anes 7-9, anrncbaﬁa wdr@aad 11 mbred hateése in vivdOcHah t-_hEr eafuiRall efict h
neur am ni dase and canase, Q i n.J anes_.2. 5 and 1 reduced
t he nol ecul ar P Iq\‘/% edﬁretsgefihép &r Gﬂé?ycg'?@‘ﬁ%t etdl"?ra‘? eérﬁeﬁcse cffanes
3,6,9, 18nd dexbdhydradrey ephsacelethebihi vyve e eiasidny tof mipdt of 15

t he ungl ycosyl at edli\éearrﬁij.on expressed in E. coli. These :

TABLE 3

O-Linked Carbohydrate Calculations

Mpl Ligand O-Glycanase Molecular Molecular # of Potential
Form Treatment (+/-) Weight (Da) Weight Shift O-Linked Chains
(@950 Da/Chain)
1-332 - 54200 - 13600 14
" E. coli version 40600
1-174 - 24600 8600 9
" + 16000
1-163 - 18400 3900 4
" + 14500
1-153 - 15200 2300 2
" + 12900
20 EXAMPLE 7
M iga E i s

Polyclonal. antibody production-- New Zealand
25 White rabbits were hyperimmunized over a period of three



results indicate that the |arger sized bands, in |anes 1,4,7, and 10

are due to_O-linked carbohydrate. The nol ecul ar wei gh f
the bands W %%¥%qt ed by conparing their nobiliti esﬁggﬁgﬁ?gﬁzﬁs of
known 20 nol ecul ar wei ght. - As seen in Table 3 which
shows esti mated nol ecul ar weights of the different proteins, the
apparent shift i nﬂm%?bg ty could account fQr.,gs_many as 14 O linked
car bohydrate chains (assum ng 950 25 daltons/chain) for npl | i gand

1-332, 9 chains for I.ns | i gand 1-163,
and 2 chai H?“E&S WHED, Faﬁﬁ@gini%’é]h s‘ﬁ |1n 1| angroduced
is full Iength nplin iyard1i- 332ntiserd@uttorapprarrdbsits exh:.bﬂthh& pighein

was degr aded, p055|Qléoggetlgeextﬁgggg% oﬁgi Iﬂf%%%%%s aF@% ycog éﬁ”?ﬁdat

37C. Therefore f €ssed ung
| ane 3 was used antiboddesaiveueatffimetymunikiinde nol ecul ar wei ght of O-

|i nked carbohygrate added t g ¢g0;¢6l bumieéégﬁnmo'Recombma!ﬂtg%ﬂ.a% 131

35 These results are consistent wt resence
carbohydrate on aligeré ErdfdxpresSeYRienthy Gittashed to Agpigel2ALDS

PCT/ US96/ 02492 (Sterogén33§Boseparatlons, Inc.) accdrding to the"gand
tested. The presence | i nked, carboﬁydrate was c% tbrmed for
y

cel | expressed npfafR 8ﬁ5u5e§3§ igstructions s, An, ad ifupgso FrEEPblt
anal ysi s of nonosaathaeirdepool wascammisltto othe SipdAl llcigaexddaffﬁaliMCgaDd Gal

were rel eas_egléoS W%F*Sf égrfnegkéggg % Pé’tﬁ'% A Ay ¢ roc{§§ R3AgEoT™

nmonosacchar i pressur ani‘on
chr omat ogr aphy andeuhégutaﬁpéréﬁbtHUﬁbound.sed@me@mp@n;nAlWerhrwesse@ars

were detected in ?§8H Qﬁetegl bed w1éﬁ”ﬁﬁ%(gndn¥pédﬁfy3gll héérﬁgsgéél

i ndi cati ve of the stalic acid contalning
car bohydr at e. Th|@Péa@agéﬁﬁréﬂﬁk%%d¥ﬁﬁrW%?ﬁaQW?QM§%§QG§ty1th ImmupgPYEen | n

FIG 4 where CHO geht1lexpggasedlioissh Miffg¥ (Pierce lcheardavecs. pl | nore
?ﬁ;l;?eggngg¥ﬁ%thﬁgcgggrgguéggigbéles were éﬁé?§zéépgggiggtlgevéraflI Thus,

changes of PBS, then the antibody solution was
concentrated in an Amicon stirred cell ultrafiltration
unit and the resultant antibody concentrate was the
source of specific anti-mpl ligand antibodies

20 subsequently used for well coating and enzyme conjugate
preparations.

ELISA reagents~-~-Immulon 4 Removawell Strips

(Dynatech Laboratories, Inc.) were coated with affinity
purified rabbit anti-mpl ligand antibodies. Affinity

25 purified antibodies were diluted in 0.1 M sodium

" bicarbonate (freshly prepared pH about 8.2) to a

concentration of 2.5 ug/ml. Each well received 100 ul
of antibody and the plates were incubated for 24 hrs at
room temperature in a sealed and humidified chamber.

30 Then, 200 ul of a blocking solution consisting of 1%
fetal bovine serum 5% sucrose in TEN (50 mM Tris 7.4/10
mM EDTA/150 mM NaCl) was added to each well and plates
were incubated and additional 24 hrs at room temperature
in a sealed and humidified chamber. Combined coating

35 and blocking solutions were removed from the wells. An
additional overcoating/blocking step was included: 300



15 car bohydrate enhances the in vivo activity of npl | i gand.

TABLE 3 . _ O Li nked Carbohydrate Cal cul ati s96/02492 P!
Li gand BodGQa%ase Mol ecul ar Mol ecul ar # of Potentia '
Form Treatment (+/-) Weight (Da) Wight Shift O Linked Chains

(@50 Da/ Chai n) 1- 332 54200 13600

14 E. BoBB7%ersion 40600 - 37 -1-174 -

24600 8600 ] : + 16000

1- 163 - ul of sSup<fEllock Blad¥Xithg Buffer iA PBS (Pierce Chemical
+ 14500 2300

5 + Co.) wiié%—f%?e?’d to f@.ch well. Afté?zgganding At Q@R £ 7
Mpl Li gand ELI SA pespgrature for about 5 miRgl| yblienablatidoiodys prembiedd on- -

New Zeal and 25 i r i i iLze \Y; riod of three
hew zeal and adfBi e IADDI 4 Sy MRT & 1M¥RRK TeURlZ ng_r%sg%&gz Lo
A- 337B 5 temperaturgggfar 24 hrs. Bhgt Reakedhwekbemereamn tdnadimpl

I ﬁ?‘gd 1- 16-[:’- pr odgie£Tled pla_\sbtil'dd”l HagLaly 4-Ai aﬁlﬁaéfﬁ@ﬂasm El}?@%ﬁf —
exhibirting hig . antl body titers were pooled and specific anti-np
|i gand ant HHRRLEME Y affinity purified. 5 Affinity

purification-- Reconbi nant Affdmitplpurified anti-mpl ligand antibodies
from a rabbit antisera pool were covalently coupled to
10 horseradish peroxidase (HRPO) for use as the signal
generating antibody. The affinity purified antibodies
:were'derivatized with iminothioclane HCl (Fluka Chemical
Corp.). Separately, HRPO was derivatized with
N-succinimidyl 6-maleimidocaproate (Fluka Chemical
15 Corp.). The two activated proteins were combined to
permit covalent coupling. The reaction mixture was then
chromatographed down a FPLC Superose 6 (Pharmacia)
column to isolate the antibody:HRPO conjugate of the
desired molecular weight (i.e. about 200 kD). Fractions
20 containing the desired conjugate were combined and
concentrated in a Centricon 30 (Amicon Division, W.R.
Grace & Co.) and stored as a 50% glycerol solution at
-20°C. This anti-mpl ligand Ab:HRPO concentrate was
diluted into 2% fetal bovine serum in PBS for use in the
25 ELISA. The final concentration of conjugate used in the
ELISA was 250-500 ng/ml.
Recombinant human mpl ligand 1-163 produced in
E. coli cells, was used for the preparation of
standards. This mpl ligand was diluted into 2% fetal
30 bovine serum (Sigma Chemical Co.) in TEN buffer
containing 0.05% thimerosal as a preservative.
Standards prepared contained 1.0, 0.5, 0.25, 0.125 and
0.062 ng/ml mpl ligand.
Assay-100 ul of mpl ligand standards or
35 samples was added to wells then incubated for 18-24 hrs
at room temperature in a sealed and humidified chamber.



| igand 1-163 was covalently attached to Actigel-ALD ( St er ogene

Bi oseparat i g&s ) according to the manuf act urer' s paGidoehdoans.
An al i quot %%ze Pabbi t antisera pool was added to the npl |igand
affinity gel, 10 and the slurry was agitated gently on a rocker platform
overnight a 4- 8 C Uns;%und serum protei ns werge_washed fromthe gel
bed with PBS and s séPfBeal | y bound anti- ~ “nmpl ligand anti bodi es were
then eluted with | mmunoPure CGentle Ag/Ab Elution Buffer (Pierce
Chenical Co.) 15ThRewskéreatifientporndsremiduali siolnsdoagwenst theuner al
changes of PBS, (heanbli@aaBhiDORY #0114 | RISHES once witfOSER! LBLGA;1LA an dy

Am con stirred cell ultrafiltration ' unit and the resul tan
concentrate was théd9-0 05} Tweehnr ¢@ ¢ TP Hyiferdnt i A%F-mpéahagamiuhbdﬁiw

20 subsequently ugedjhertuwekbleoddh ngl@mdgle)nw&aahugat 8ach well and
pr epar ations ent s--I on Renovawel | Sty |£s

(Dynat ech Labort oFPEE, 1Pﬁ3b7t$\5 émf:o% it F oL ﬁf“P?rature l’Bu‘?l??
rabbit anti-npl Ii gaddhamﬁ.dbﬁﬂeéscharﬁér.nl t'lghe cz&tepm;l bEededbti betees were
diluted in 0.1 M &3y epare about. 8. 2)
to a concen ra ?geri\ gpen. ‘%g%}g mgqé'tﬁrf( roegg%ve = O%JI £ O of
anti body and the pbuféerwere incubated for 24 hrs at room

tenperature in a seal ed and bam ebibﬁdde@@rdp@enc 390 Thebs 298 /Ber8hide

bl ocki ng sol utjion consisting o bovi ne serum 5% Sucrose in
TEN (50 nM-Trild 7. appgtrate SOWEBT Ik eaRaRscs) PREZY afabutions k& ikl |

and pl ates ekedi neupayLsl a’HtIécﬁCHHd I ioRba2édhESrakor oM dempesmt ur e
in a seal ed and hlrJTg1$d| fied cha ned coati bl ocki

a g
sol uti ons were renb7RRSTPENT S he ?I%eanbt n was SthHFiﬂ a?‘g i€ion of
over coat i ng/ bl ocki hg0stkpsnes soliticed: (BGON sul fuMcO8£28%98nd the

PCT/ US96/ / 02492 | of
Super Bl ock Bl ocki nab oF a&g’ %Bgfa[:?, eartce458hem Cal mJ.gZOtlt% ‘)’laté’ added to

each wel|. Aftl& sFQﬂ@f—‘ﬁg a@on%'itﬁratwns cdhpelat dganfoin apIRl s fvgre t hi s
sol ution was renovedlculated af¥brh e gﬁﬂ&faeeer@él g¥REriLedi by Miyidy 4 00M

curve fit program.

EXAMPLE 8
20
Biologic Activi Ligand 1-17 o in_a
hort-T icqui '.ul ure Megaka cyte Assa

Analogs of mpl ligand 1-174 were prepared as
25 described above and assayed for their ability to
stimulate the growth of megakaryocytes in liquid
culture. CD34 selected cells isdlated from human
leukapheresis units (Nichol et al., Stem Cells
12:494-505 (1994)) were plated at 2x103/ml in culture
30 medium (IMDM / 1% Pen-Strep Glutamine / 1% Non-essential
Amino Acids / 1% MEM Na-Pyruvate / 1% MEM Vitamins / 10%
deionized BSA / 10% normal human AB plasma / 10 uM
alpha-thiacylglycerol / 20.ug/ml L-Asparagine). In
addition, 1.5 ul of COS-1 conditioned medium containing
35 mpl ligand (1-174) or mpl ligand 1-174 analog was added
to each well. The final volume was 15 ul in Terasaki-



5 tenperature for 24 hrs. The coated wells were stored in seal ed

plastic bags at 4-8[err]C until used in the npl i gan 2
Affinity p&y?f’?’%ip%mti-npl | i gand anti bodi es froma rggglt%‘?lzt“?sera

pool were coval ently coupled to 10 horseradi sh peroxi dase (HRPO) for use
as the signal _ 95%‘”3“ ng anti body. T_he3g?1fji nity purified antibodies
were derivati zed \MAtPu i m not hi ol ane HC (Fl uka” Chem cal "Corp.).
Separately, HRPO was derivatized with N- succi ni m dyl

6- mal ei m docapr oat ECYERURACTARME G I tissue qdyre plagest \A%aaa@rdat ed
proteins V\Brehconbi[ﬁedrhﬁtional) per¢611§ﬂb§ﬁ@rﬂ|§g§m#§|écﬁﬁ-t Ehecr%ﬁftép&m)

m xture was then r.onat a own _a uper, 0s . ar macl a
colum to isolate ?ﬁ%saﬁ i%%%’y‘?%gb%ﬁ?elfgeﬁne 25t Egﬁe' Eixe dg#?ﬁ‘aiy to

mol ecul ar wei ght (the. caboute 2061 kD)wi thr ddt iglusara2@ehgdat aandnghéhe

desired conjugat e [ n . ed_ in ntricon 30
(Am con Divi si g‘%’], Wéﬁb&%@ Vp%‘?aganeq‘frﬁ)c.l)on%%d%g‘tlgté'%ggyagogkgﬁgofg?%%}ﬁlng
sol ution at of0pet i 1EPIMhi antimGRLIHY. |(BjadéesAbnHReR@icanterGPb e was
diluted into 2% fe{ahrHoVvE Lty S dMRd N AFS f Phel'SfmbRe! Sact foy SA. The
final concentration_of.conj tcjrgaée usedc?iar} theq. ;LI S 250-500 ng/m .
Reconbi nant human %Ye}?%%% 1th & SHESRIEYE if-B-galagtogydase (Jetection
used 1‘200/rftheI preggﬁﬁit@:ﬂ (IiistoMar(ls,_t m&wded%;&a;ﬁhiaﬁdnpérfyga_rll_d vvgs ?i | ut ed :
into 2% feta vine serum (, ca ). In uffer
cont ai ni ng- 0. 5% t APFRF T “H % dr%eegg?\fd‘teﬁ/m@y kheda §hae? p{]%]d"a"re’d’
contained 1.0, O.5actu®b,phtfrapic), appe@r068 BZGM 8opl |igand. _
Assay-100 ul of mpl 1igand spandArds Mla p ¥ PRUIPCS WAsn3dged; [0, 0eLlg
a € an

t hen i ncubated for.18-24 hrs roomtenperaturé in a €
hum di fi ed chaibernegative worggiddzygespectively. The well pictured in

PCT/ US96/ 02492 _cFanel A ved 37.5 pg of wild tPfe mpl 1i JKE’#W¥i4
contents and residual solution were then renoved and t%e wel |'s

he |
washed once witfh wWel¥sdterdidiioned medigmosodTbews osubstamidialf f er) .
Anti-npl |igand Abndfiaryocyte growth. Panel D received 1.5 ul of COS-1

mock conditioned medium and shows no growth. Panels B
and C of FIG. 8 are mpl ligand 1-174 analogs N7 and N10
respectively. Panel B received 9.0 pg of mpl ligand

20 COS-1 conditioned medium while panel C received 27 pg
and both show excellent megakaryocyte growth.

This experiment indicates that the analogs of

mpl ligand tested are capable of stimulating the growth
of human megakaryocytes in vitro.

25
EXAMPLE 9
Bio ical Activi M Liga; ~174 1 i n In
Vitro Cell Proliferation Assay
30

Analogs of mpl ligand 1-174 were prepared as
described above and assayed for their ability to
stimulate the proliferation of 32D-mpl cells. To
construct 32D-mpl cells, the full length human mpl

35 receptor sequence (Vigon, I., et al., PNAS 89:5640-5644

(1992)) was subcloned into an expression vector



conjugate solution (100 ul) was added to each well and 5 then

I ncubated for 2 hrs at roomtenperature in a seal ed ' and hum di fied
chanber. TWO9%@3M%8nts of wells were renoved then wasK&dOPPHIE wit h
0. 05% Tween 20 in TEN buffer. For col or

devel opnment, 100 ul of TMB/ per oxi de 10 substrate solution (Kirkegaard &
Perry Sol utions Ay& 8p m xed 1:1) was ded and incubated for. 20 mn
at room tenperature. The reaction was stopped by addition of

100 ul stop sol Gt(i:on %0. 5 Ntul furraﬂncscaci %). ancé} t he absor bance was
read at 450 nm on“Ri'E b?ﬁ%rsl'bef At ETSCIEPLAERAS, PLORGRRENDT MO LIRE%! npl
ligand in sanpl esMueire Sarcomz atiguisat e ik am afsthngdaconstrvet ganeratgs by
using a curye, fi : : . EXAMPLE
8 20 B{’é%{éig’c’éﬁ%}g{@ﬁﬁ% SN R gaREC RV SRS a
Short - Ter m Li gui d(lcupdait e Wdrak dikGdpne RsBay Journal of Virology Anal ogs of

mpl 1igand 1- 574 gere1 b6 SPps £U1392) )2 %erdeteahiedcRBAY enahd; agspyedy 4 or
their ability to sti mul g.a%the romtlh of meggkar ocytes In liquid-
cul ture. CD34 sel &Rtty w314 & ;9[46515-%?13 RftnkRanstection Kithheresis units
(Nich?L1et al-i Eﬂsw&ékﬁdéheki The kamégfeims'@&994iétfﬁmgfé&@édﬂ%ﬁﬁer 2
2x105 in cultute 30, nedium(l 1% Pen- Strep ut ami n 1%

Non- essent i al ays GRhFRIYS "-‘W,\/ﬁﬁym_ ?uéﬁ’(ea%i’%%\ﬁ\ﬂsc%m ns /
10% dei oni zethS¥cyick0%heoRfal chlifanwdBeptasubtivdidiMith the

al pha-thi acyhgl ycer g m 1 a hn I j4ion, 1.5 ul
of CCS-1 congigt i gﬁ%gj rréaecflg%n%%nt g:{uﬁ?%% Eégg f%'r%? P??g%nd(:](of?%%?; or npl

| i gand 1-174 anal@xpsekezghie®t al.. AV4ScafR:R8BL-23R6 {1983) Vol ukftems 15

ul in Terasakiz 24 hodM2 9&he5439 célls were rescued and banded in a BSA
PCT/ US96/ 02492

gradientA_(?i’%.?t%-o-cyte; Miles Inc.). 3C:gel:ls were expanded

in 1 ng/ml murine IL-3 and then were selected for growth

15 in 20% APK9 serum (Bartley et al., Cell 77:1117-1124
(1994). Cells were sorted for cell surface expression
of receptor by FACS using a polyclonal rabbit
antipeptide (MPL) serum. These cytokine dependent murine
32D-mpl cells are responsive to mpl ligand. 32D-MPL

20 cells were grown in MEM medium containing 10% Fetal
Clone II Serum (Hyclone Laboratories) and 1.0 ng/ml
mulIl3 to a cell density of 1X106 cells/ml. Cells were
collected by centrifugation {approx. 500XG) and washed
twice in growth medium lacking muIlL3 and resuspended at

25 1X103 cells/ml.

' An extended twelve point mpl ligand standard
curve was prepared using mpl ligand 1-163 and ranges
from 5000 to 1 pg/ml. A volume of 100 ul of each
dilution of standard mpl ligand or assay sample was

30 added to appropriate wells of a 96 well microtiter
‘tissue culture plate containing 100 ul of resuspended
cells (10,000 cells/well) and incubated in a humidified
incubator at 37°C and 10% CO3. After 48 hours, 40 ul of
MTS reagent (Aqueous Non-Radioactive Celi Proliferation

35 Kit, Promega) was added to each well and 14-18 hours

later the plates were read on a plate reader at 490 nM.



style microtiter tissue culture plates (Vangard I nternational).

Cells were mga%g&gd at 37[err]C for eight days i n huptgiskbgshasoxes
in 5% CO2 irectly to the culture wells with 1%

gl ut ar al dehyde and then 5 incubated with a nonocl onal antibody
cocktail consisting of anti-GPlb, anti-GPlIlb, (Biodesign) and
anti-GPlb fDgkop Carpinteria, CA). Thgiiomune reaction was

devel oped with a Strept avidin-[err]-gal act osi dase detection system
(Hi stoMark, Kirkeégaard,a r nti £ied by the
darker col or (bl ugﬁ? 1n204cFS éy&l‘fl%ﬁ %ﬂ% Wa&%);;tg%ricflgggﬁé %ggm a
Panel s A and D of FB€, rgsperse r@mﬂiqweeaa:m sample. n@gat inétcwasrol s

respectively. Thequelhhedi a&umd ddbunt of mRANaliAnkeqsl ¥gdL34 of wld
type npl ligand 1-174 © Cos-1 %%ndc: t |d(§%ed lg%éll um_ and shoav\g ggbst anti al

megakar yocyte gr OWFH‘-‘lPSﬁeF° i (o Pl meximads seéguiation. gperific
condi tioned meli uACENHiEHONEs NEaPEwMdded Ranelis/illing the BRE16g0Eafl G 8 are

npl ligand 1-174 analo N7 _and, respe t| vel y Panel B recejved
9.0 pg of npl Ilgaﬁg 9% l%cg“lt%})dwd iRy sy d FARAI FeRREREFaEL PR R ved
27 pg. and hgthlsaswietewhimend byegn:idarly@ayﬁeEgr[sMh

Thi s experinent indicates t nd teste re
capabl e of stinulating the Bﬁgw%ﬁg':%fé ng?féﬁjlcal aCt yo%?'}tg' i FsLl gFg
25 analogs transfect@(ﬁmewressed in BD&I ogltal incshaimy of
Mol Ligand 14%74 fHaTQE§e'£ anrid) effect of the amino a¥id’QufStitutions

Proliferation Assay Anal.ogs of npl ligand 1-174 were
prepared as °nd%§Eli"Ptb3é§F%&ﬁ)\Péid&r’Fd'°é’s§‘z§y€& oFu{‘WéF}zﬁ‘Er I |?‘§/r’tf)le
stinmulate the pt ohuﬁeuaa&e@eﬁeaﬂ:[}. rnnJgama s Bd in v1tr60ﬂ6tiﬁ£ﬁy3@&tffp|

o PaS 8o 5640v8Raa00 88 Iiyps e, ERRRARSRCRVIRES SR e Thensiafee
vect or WO 985848498 It is apparent from Table 4 that mpl ligand
PCT/U8961024%% analogs containing additional N-linked carbohydrate are
expressed as well as native sequence mpl ligand even
when they contain additional carbohydrate chains (as
determined in Example 6, Section A) e.g., N4 and N10.
Both of these analogs retained full in vitro bioclogical
20 activity also. Therefore the mpl ligand analogs
containing N-linked carbohydrate can be expressed
normally in mammalian cells and they can have normal or

enhanced in vitro biological activity.
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pr onot er
and 6 ug
(Landau,

of
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wer e transfected into 3 x 106 293

A-337B (Strat agene).
days and again after 4 days.
transfection the 293 cells were cocultivated with the
l'ine (32D, clone 23;
PO: 2931- 2936 (1983)).

transfection kit
after 2

muri ne cell

&g@éan arrpho

t man,

Afte

and banded in a BSA

40 contai ning the transcriptional
Mirine Sarcoma virus. Six ug of thpSreeuzmbiodct
trophic retroviral packagi ng construct
Journal of Virol ogy 5 66:5110-5113 (1992))
cells using a CaPO4 mammal i an
The sarf@ cells were retransfected
The day after the |ast
10 1L-3 dependent
rger et al ., PNAS
he 32D cells were rescued
Mles Inc.). Cells were

Gr
2.4 hour§§9€
qaradient (Path-o-cvte:

r

expanded i i Mp! higand nur i Sequence 3 andNunthen ofvdk cElisal dog/ed) f dn itrowt h Specific
15 in 20% APK9 sérufP(Bartley et al., Cellinkgychaing.- 1124 Acrng) . Activity
CelI's were sorted|®SINCAPM surface expression of receptdﬂnﬁy/mﬂcslmtsmg)
usi ng a pol ycl onal -8B anti peptide {APL) serufP)These c{&bkine (d)
dependent nurine 32D-npl cells are responsive to npl lTigand. 32D MPL
20 cells were grownMOGKMEM nedi NONE ONt ai ni ng g10% Fet al<0.08 Ceme Il <125
Serum (Hycl one La Pwﬁt(qvh)es) andNative ng/ m NA mul L3 2s a cellsg3gsnsitysis
of 1X106 cells/m pﬁel(l1$4yvere Native col | ected by centrg{f ygati ong@gampr oX. 289
500XG and washed| N1 (174f Wi ce iNatigé owt h nedi @ | acki ngqneg L3 and g NA
resuspended at P N2 Jpﬁ@ﬁ cel | sipd . 0 Anpext ended pgwel ve  pa
point npl ligand $thandayg) Negrve was prgrared usingsnpl |igpdel 1- 16344
and ranges N 2900 to Nagegal . A vol yme of 10034 of eaglgzg 232
di lution of stand ar@ R4 |ganq\,ﬁ1-3apssay sarrpl1e was 3@ 4 added t@p NA
appropriate wells 198 vel | \agrqgiter tlssue1cylture pL,ade <8
contai ning 100 ul rq§ pendedygg cells (10 000 las/ vel 1), <292
i ncubated in a hu N;fﬁ Nsé bator {C and 10g6CD2 AE%@@ 48 443
hours, 40 ul of N7 (1 queous Radloac ye Cel | 655
Proliferation 33Ndm Proneg s added each melh)gnd 14- i pours 188
| ater the plates NG & (@,{39 on @ﬁfﬁt& r eader qt 490 ano 4 % 25498291
PCT/US96/ 02492 In1o (174)  N120T122 1 33.7 2690 288

N11 (174) S36N38T40 NA <0.625 <10 <16

N11 (174) S36N38T40 0 1.3 <10 <8

N13 (174) N53T55 0to1 67 18000 269

N14 (174) N58T60 Oto1 17.9 4850 271

N15 (174) N30T32N120T122 0to 2 26 6420 - 247

5 NOTES

(a) The number of additional N-linked chains was

estimated based upon the mobility of the analog

polypeptides in SDS gels as described in Example 6.

10

(b) Quantities of mpl ligand analogs in CHO cell

supernatants were determined by ELISA assay as described

in the Examples. '

15 (c) In vitro activity was determined by measuring

stimulation of thymidine uptake in 32D cells dependent
on mpl ligand for growth.



A- 337B - 41 - The in vitro activity in sanples
vvas cal cul %@3 /%%‘8 dose response curve for each saipgirfyseérRodini t
p as the anmount of npl ligand in each sanple

reqw red to give 50% of maximal stinulation. Specific 5 activity was

cal cul ated by dividing the biological activity inunits/m by the
mpl |igand concent®ai3ith in ng/ M as ddterm ned by npl |igand ELI SA
The specific b|olog|cal activity of npl Iigand anal ogs transfected
and expressed in "C0sS cells is shown 10 in Table 4. The effect of the

am no acid substit on c boh L at ad i ti ]S a ummari zed.
Purified rrg#]) gaz'ﬂ‘&coef ana gégl fn]ol%ﬁﬂ% Vais °tghz?§
was 200-300 uni t/ oo pen okt émnprmdlliy:ralueoabeseayrentw camesunt of ngslsdyigrankit

I's apparent fromT, rpi %n%%tu@al b#;’ ﬂB’idllgéﬁd gg&Ppgs containing
car ydr

addi tional N-Iinke ate a expressed as well as native
sequence npl | Pgand even when they contain additional carbohydrate
chains (as detzer m ned Ndor Examladi1®. Section A) e.g., N4 and N10.

Both of these analogs retained full in vitro biological .20 activity also. -
Therefore the npl Iigand anal ogs contai ning N-|inked carbohydrate can
be expressed normal |y in mamal i an ExaMPsEand t hey can have normal or
enhanced in vitro biological activity. WO 96/ 25498

PCT/ US96102492 _ A—337B - 42 -

TABLE 4 - 10 EXDT @ T GHON ¢ 3 xf (M

Vitro Specific “Form -174., N4 a dl @pd chai ns

Activity Activity (AmM no Aci

(units/m) (units/ng) _
' pDSRQ2 containing mpl ligand 1-174, N4 and N15

cDNA was transfected into DHFR-deficient CHO cells using
15 the protocol described in Example 2 with the following
modifications.

One transfection was performéd for each
analog. Three weeks after the transfection, mpl ligand
expression was screened by mpl ligand ELISA. Three

20 expressing clones for each form were frozen in cryogenic
storage. The highest expressing clone for each analog
was expanded for roller bottle production. For N4, 7.4
liters of conditioned medium (50% D-MEM, 50% HAMS-F12,
1% penicillin/ streptomycin/glutamine, 1% nonessential

25 amino acids (Gibco)) was produced and for N15; 4.6
liters of conditioned medium was produced.

Serum~free CHO cell conditioned medium from
roller bottles seeded with CHO cells expressing mpl
ligand 1-174 (2.9 L), N4 (7.4 L), N15 (4.4 L) was

30 concentrated 12-, 19-, and 12- fold respectively using a
S1Y10 (10,000 dalton molecular weight cut-off) Amicon
Spiral ultrafiltration cartridge. One hundred fifty
milliliters of concentrated conditioned medium was then
loaded directly onto a 3.3 ml hu-MPL-X (receptor)

35 affinity column at a flow rate of 0.3 ml/min. The
affinity columh was constructed by coupling 1.0-1.5



Lengt h) | (a) (b) (O (d)
MOCK

NONE 0 <0. 08 <10

<125 N1 (174) Native ' NA . 25 5375
215 N1 (174) ' Nat i ve 0 31. 4 8800
280 N1 (174) Nati ve 0 31.75 NA NA
E\IZ (174) NV 96125408 0 NA NA RET/US96/02492 N3

174) N25 NA 1.85 636 344 N4
(174) N30T32 : 1 38 8830 - 232 N4
(174) N30T32 A- 3378 2 4 - 44NA NA N5
(174) N38T40 0 ' 1.2 <10 <8 . N6
(174) N86 mxlllékams of MpI}X44the solubdkOextra-cé22ular domainN7
Ei;jg I\IBNgiég?) of BIQ? E)nﬂ:llreceptorq per mzllé.g.gger of Péégmacla CNBr m;
(174) N9 2 activgred Sepharogfbr531n as ggegmmended| by the N10

(174) N120T122 manufdcturer. AfxMer4lecading,53%Hhe coluﬂ@gggs washefil10
(174) N120T122 5 ywith 30 ml of phobphhte buffeted0saline§Bps; 10 miNll

(174)  S36N38T40 NA _ H 11
(174)  S36N38T40 ~ NaPod o PH 6.8/ 15@{@@““ an?ighen 60 m§8§f 10 mM Tris,

(174) N53T55 PH §.Q ¢ 1M NaCl /52 mM CHAPSgOOMPl ligapgd 1-174 wayi4
Ei;jg IMOngEIIgngZZ elufed ith 30 mll'6£920 mM S0 (3-[CycléhexylaminoNID

0 247
NOTES 8r$&%%es%lf;rm1 cf.d%.g.) ntpﬁt *\?_@4; 1 N Cl 9 1 mM CHEPS(B-
esti mat ed based u Q)n M%“Fﬁﬂ%a‘F“FF?PWHe d-mnm ‘ﬂdl ypept i des in SDS
gel s as described i n pxopggpiesulfonatd) . (b) Quantities of npl Iigand
anal ogs in CHO cell : supehn e SSAYqS
descri bed in the Exam% grr SHedls MEQ%\%%?%%’?%F\%H‘?% e
determi ned by neasuri hgtS PH 7-Ogke rﬁﬂ"é’t Fb‘r‘n RGh o ne SBPT |°ﬁa33§ﬁ'%el | s
dependent on nphowed)amdappareptotbheeding” o} J5/4281nh8ligand during

PCT/U596/02492 15 the 10 mM Tris, pH 8.0 / 1M NaCl 1 mM CHAPS wash.
Elution fractions were analyzed by SDS-PAGE. Those
fractions containing mpl ligand 1-174 were pooled. This
affinity purification was then modified and repeated
with the following changes: 0;5 mL/min load and

20 elution, and the removal of the 10 mM Tris, pH 8.0 / 1M
NaCl /7 1 mM CH2™S wash.

All fractions containing the single mpl ligand '
band were concentrated using a ¥YM10 (10,000 dalton
molecular weight cut-off) membrane in a 50 mL stirred

25 cell, switching to a centricon device. This 0.5 mL
concentrate was loaded directly onto a PBS equilibrated
Pharmacia Superdex 200 HR 10/30 gel filtration column at
0.25 mL/min collecting 0.25 mL fractions. All eluted
fractions containing a single mpl ligand band (based on

30 SDS-PAGE analysis) were pooled.

Other forms (N4 and N15) of CHO cell expressed
mpl ligand were purified in a similar manner (two
affinity purifications pooled and run on one Superdex
200 gel filtration column).

35



A- 337B . : - 43 - (d) Ratio of in vitro activity of
npl |igand anal og as nmeasured by proliferation assays to anmount of
npl _|igand anal og_neasured by npl |igand ELLSA. 5 N-A
Not ~avai | abl e. EXAMPLE 10 10
Expression in CHO cells and Purification of Ml Ligand
1-174. N4 and W©%36/25498 pDSR] err] 2 contai ni ng n%‘F”F?’@'&?fa’
1-174, N4 and N15 cDNA was transfected into DHFR-deficient CHO cells
usi ng 15 the prot 9{395 gescrl bed i n Exanpl 8, with the follow ng

nodi fi cati ons. One transfectron was performed for each
anal og. Three weeks after the transfectlo%ﬁp jrgand expr essi on
was screened by npl ligand ELI SA. Three exp essing clones for each
formwere frozen in cryogenic stor age The hi ghest expr essi ng cl one

- for each anal og . For N4,
7.4 - liters of conditioned,pedid Fe X NENL 98 %Add : 1%
penicillin/ streptomycin/glutamne, Afno aci ds
(G bco)) was prodaced and for N15, 4.6 liters of conditioned nedi um
was produced. - InSerderfredieCeOnimd [wheshdr t N-aniggkededi um from

roller bottles seedeqa%g Qé@ecﬁiésccﬁiéﬁﬁﬁéélﬁgtm| 1 1i Jn'dgégflmg- 174 (2.9
L), Nd (7.4 L), N15 (4.4 oncent

and fol d
respectively using a=—®res eg ?i?oc’(“loc‘ﬁéé * d5PRY éc’ﬁ?‘%ﬁ%?@h?n%f}f“&ff)
Ami con Spiral bt FR$TRAGEaWeSrEXTRRILPE dRR. deeqc,nmcme@:mtq 6 with

milliliters of cgoceahéafmdaﬁaglmdmﬁ@am&ym was t hen | oaded

directly onto a 3.3 hu- MPL- C)ﬁgf Pec&?rgﬁrt)i neg)f}neda}%i ?r% Lfc°t| ungga%%fﬁﬁf | ow

rate of 03rr1/mn The I N PhRT Was “Cons i ng
1.0-1.5 was used. Samples were loaded into the Centricon-10

. centrifugal concentrators (Amicon, Beverly, MA.) and
were spun at 6000 RPM fof one hour in a Beckman J2-HS
15 centrifuge using a fixed angle fotor (JA 20.1). A volume
of concentrated sample containing approximately 100 ng
of the mpl ligand analog was loaded on a SDS PAGE gel
together with SDS sample buffer (described in Example
6.) E. coli expressed mpl ligand MK 1-174 conteining ne
20 carbohydrate was also loaded. FIG. 9 shows differences
in mobility that correlate with the expected amount of
carbohydrate The fastest mobility species, Met-Lys (1-
174) E. coli mpl ligand, was followed by mpl llgand
1-174 (CHO), N4 (CHO), and N15 (CHO)in succession. See
25 FIG. 9. The most likely explanation for size increases
relative to unglycosylated mpl ligand is additional O-
linked carbohydrate on mpl ligand 1-174 (CHO),
additional O-linked carbohydrate and one additional N-
linked oligosaccharide on N4 (CHO), and additional
30 O-linked carbohydrate and two additional N-linked
oligosaccharides on N15 (CHO).

In order to establish that the increase in
molecular weight was indeed due to the addition of
N-linked carbohydrate chains, the samples'were treated

35 with N-glycanase to remove any N-linked carbochydrate as
described in Example 6. Each sample contained '



A- 337B - 44 - mlligrams of Ml -X (the soluble

extra-cel lul ar domain of the Mol receptor) per milliliter of Pharnacia
CNBr activated Sepharose resin as recormmended by the ___manufacturer.
After |oading, the colum was washed 5 wth 30 m of phosphate buffered
salirne (PBS; 10 nmM NaPO4 pH 6.8/ 150 MM NaCl) and then 60 m of 10 mM
Tris, PH RoQehseddV! NaCl / 1 nM CHAPS. Mol |igand 1-174 REI/USINAN ¢ o
with 30 m of 20 nM CAPS (3-[ Cycl ohexyl am no] - | propanesul foni c acid)
pH 10.5 / IMNad / 1 nmM CHAPS(3- 10 [ (3-Chol am dopropyl)

di met hyl ammoni ol - 1- p_337@ropanesul fonate). _ 4¢ - Fractions were
neutralized by addi ng 0.6 nL ‘1M Tris pH 7.0 to each eluted fraction.

SDS- PAGE anal ysi s §J§59ime§ 8PP HL BE ,5511 aadang azgaho}; Mﬁmla kl-gand
during 15 the 10 éis rxgg [ 1M nmv CHAPS wash El ution

fracti ons were anal ¥ ¥ Those fractlons cont ai ni ng npl
ligand 1-174 were pool ed. Th|F§11°W1%H faneatyent Withctgirapasetthen nodifi ed
and repeat ed W hBbi Dieyf @lfl PR fgHoyhangest M55 (old)Mivas! ﬁédhcféladt30

ghution, and thesr egRYR of bl Psddhd 17k S chl. Sndledembll | of Csfada ™ CHA

S wash.’ actions contaj njng the si ngz rgan
band were concentrafBdl ti4dFa st CromBHoligaptoh-174 ﬁﬁ?bd[ﬂ%‘r Mei ght
“cut-of f) menbrane i glyecirhsel as8iwoteEZBct ordbiliswi 4ixiviengel thexr Eoginrwap0n

device. This 0.5 geg‘gﬁ@g% ¥as koagdRdadis x%?, 240 a PBS
equi librated Pnlgt’r‘prr%%ﬁego ugrE qe ¢ 200" HR 10/ 30 Ffrat I on colum at
r

0.25 ml/min col | ect FARPRYS598 crppte 'ﬁﬁatﬁf dfTsus 19 FEPREMERE
contai ni ng a si hQl eshepws |tihganthéosicke BifEerence3for IFScPACESRONEsy 60 shherer e
pool ed. size Qﬂ'l%hefﬁlﬂﬁnwciﬂgo%htefcﬂ‘@ &84 | erxpigesed

npl 1igand ver e purbiipd 40281 W52 oQPQQE%thtEQ the size of two

carbohydrate chains. Thus addition of N-linked.
glycosylatidn sites for these two mpl ligand forms

15 resulted in additional N-linked carbohydrate when these
species were expressed in CHO.cells. See FIG. 10.

EXAMPLE 12

20  In vitro Biological Activitv of Mpl Ligand Analogs made
' in CHO cells

Purified mpl ligand and analogs expressed and

purified from in CHO cells or E. coli cells were

25 analyzed for in vitro biological activity using the
factor dependent cell line 32D-MPL and assay described
in Example 9 except activity was calculated from a curve
using mpl ligand 1-332 produced in CHO cells as
standard. The specific iIn vitro biological activities

30 of the various forms are shown in Table 5. It is
apparent from this Table that the mpl ligand analogs
containing additional carbohydrate, which are expressed
in CHO cells have In vitro biological activity. '

35
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affinity purifications pooled and run on one Superdex 200 gel
35 o WO 96/ 25498

. A-337B - 45 - -
e - Det er mi nati on of Car bohydrate Addition
for CHO Cell Expressed N4 and N15 5 ~ In order to
det er mi ne whetyeysbioki nked car bohydrat e was cont ai ne®GTSPHER4%3p |
| i gand forns expressed in CHO cells, conditioned nmedi umwas anal yzed
by SDS- PAGE Western bl ot as described in Exanple 6 with 10 the follow ng
nmodi fi cati ons. A-337B CHO D- Condit4pned nmediumfromroller
bottles was used. Sanples were |oaded into the Centricon-10
centrifugal concentrators (Am.con, Beverly, MA ) and wer e spun at
6000 RPM for one hour in a Beckman J2-HS ra2recentrifuge using a fixed
angle rotor (JA 20.1). A volune of concentrat ed sanpl e containing

PAE gel - togatner it VEBRADAGHAI; &?Mbgk&ﬁ’u%é”m?e%

6.) E. coli expressed npl ligand MK 1-174 contai ni ng no car bohydr at e
was al so | oaded. FIG 9 sh dif e - t correlate
w th the expected anount OP'PL caFE #ydr&iI %b‘eﬁw jlity

speci es, Met-Lys (1- 1!&'@' coli npl ﬂ , Y d_by npl

| i gand 1-174 (CHO, N4 (CHO, and N15 (CHOin- SLummsl)meQee 25
FIG 9. The nost likely explanation for size increases relative to

ungl ycosyl ated npl ligand is additional O- | i nked car bohydrate on
npl ligand 1-174 (CHO, MK174{ E. coli) 0 13

1-163 (CHO) = 0. 86
1-174 (CHO) 0 85
N4 (CHO) 1 60
N15(CHd) 2 92

1-332(CHO) 6 41

EXAMPLE 13
10"

In_vive Biological Activi ¢ Mol Li 1 Anal

Platelet counts from mice treated with various
forms of mpl ligand were measured and the results are
15 presented in FIG. 11. CHO-derived mpl ligand 1-332,
1-174, N4, and N15 were produced and purified by mpl-
receptor affinity chromatocgraphy. E. coli-derived Met-
Lys-mpl ligand 1-174, was produced and purified by
conventional chromatography. The indicated



addi tional O-linked carbohydrate and one additional N- - l'inked
ol i gosaccharide on N (CHO, and additional 30 O linked carbohydrate and

two additional N Iinked ol i gosaccharides_on N15 (CHO) .

In order to establish that the increase in mol ecul ar wei ght was

I ndeed due to the addition of N-|I i nked carbohydrate chains, the

sanpl es were treapese8 35 with N-gl.ycanase to renpve any N- PCT/RSR$02492

car bohydrate as "~ described in Exanple 6. Each sanpl e contai ned

WD 96/ 25498 PCT/ US96/ 02492 _
A- 337B A-337B 46 - appros®#mately 100 ng of npl ligand-
anal-og purified from condi ti oned nedi um Fol | owi ng

treatment with N gl ycemgsetafdon of eaphhifprpywas afgigigerednd of N15 (CHO
was reduced to 5 tdtdludineguslyi gansl nbridd, (ke BRFCNRNEe Pndep! |igand

MK 1-174 (E. coli) Olgyd g Eézg%nga}.? 174I‘eggﬁeé@st I%rgk\ a sxrg,l%giélcearna seutglns

not affect nobility S|nc nel t her tain

NI i nked car bohydr at ér & tail G&l’rﬁa‘f"'rrseoﬁ%i'e%*‘g% féah%t%"eg BEESF et 1#&Esus no
t r eat ment 10 shéws injettidie sBieodlideldr engkydesr wikie perifespadda thoat he

size of one N-Ilinked sggﬁggwcgg,gngg@ﬂ@,oangehh@ngwger (Baxtgi.fference for
N15 corresponds to t ate chains. Thus addition

i Z
of N-1inked 3’&8?9?%‘&‘1‘:&1 go‘f eé‘?’é?ﬁh@@et ‘wlrﬁ FoerrFeyefses 15
resulted in additi on&hemmquddemmmmm% afhdnaninals. +/- stapderds were.

-expressed in CHO cel legroSest khe mé& Other blood cell pa.rameters such as
EXAMPLE 12 205 13c¥ 10 o3 BLOSH G2 ACkintsl %rOfedRobl 8 238L00S made
were not affected by these treatments (data not shown).
All the forms stimulated increases in platelet
" counts. However the activities of the different forms
varied. The relative in vivo activity was mpl ligand MK
15 - 1-174 (E. coli) < mpl ligand 1-174 (CHO) < N4 (CHO) <
mpl ligand 1-332 (CHO) < N15 (CHO). The results
indicate that addition of non-naturally occurring
N-linked carbohydrate results in increased in vivo
activity. It indicates further that increases in the
20 amount of carbohydrate result in proportional increases
in in vivo activity.

EXAMPLE 14

. 25 WMWmum
N16-N4Q bv Qverlap PCR

Analogs N16 to N40 (see Table 6 for the
structures of these analogs) were constructed by overlap
30 PCR (polymerase chain i:ea.ction) using a protocol adapted
from Cheng et al., PNAS 91, 56395 (1994). Typically one _
to two mutations were introduced in each construction.
The following oligonucleotide primers were
synthesized for use to prepare analogs N16-N40:
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in CHO cells

Purified npl |igand and anal ogs expressed
25 anal yzed

and purified fromin CHO cells or E. coli cells were
for in vitro biol ogical

activity using the
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cal culated froma curve
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cells have in vitro

n CHO cells

PCT/ US96/ 02492
C ATGGAACTGACTGAATT I 5
RP qqéiN GAC ACC GCTC QEEN EﬁQ fﬁnﬂ%

MPL LI

I' R (1-174) cé&&ﬂdGACTCAGAGCTG@U@CNG¢GT&ST|VIEEQ ID NO.
MK174( E. coli) -0

0
N1é6

N17

N18
N18

N19

N1i9% -

N20
N20
N21
N21

N22
N22

N23
N23

N24
N24

N25 -

N25

N26

N26 -

N27
N27

N29 -

N25

N29
N29

N30
N30

N31

N36(1l)
N36(1)

3l
3!

F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R

F
R

86
R CCCGTCGACTCACTCCAACAATCCAGAAG

R CCCGTCGACTTATCTGGCTGAGGCAGTGA |

CACGTCCTTAACAGCAGCCTGAGCCAGTG
CACTGGCTCAGGCTGCTGTTAAGGACGTG

CCCTTTGCCTAACGGTTCCCTGCTGCCTGCTGT
ACAGCAGGCAGCAGGGAACCGTTAGGCAAAGGG

TGCCTACACCTAACCTGTCGCCTGCTGTGGA
TCCACAGCAGGCGACAGGTTAGGTGTAGGCA

GGAAAACCAATATGTCGGAGACCAAGGCACA
PGTGCCTTGGTCTCCGACATATTGGTTTTCC

TGGGAGAATGGAACACCACGATGGAGGAGACC -

GGTCTCCTCCATCGTGGTGTTCCATTICTCCCA

AAAACCCAGATGAACGAGACGACCAAGGCACA
TGTGCCTTGGTCGTCTCGTTCATCTGGGTTTT

CCCAGATGGAGAACACCTCGGCACAGGACAT
ATGTCCTGTGCCGAGGTGTTCTCCATCTGGES

CACGGGGACAAAACGGAACCACTTGCCTCTCA
TGAGAGGCAAGTGEGTTCCGTTTTGTCCCCGTG

CAGGGCAGGAACACATCTCACAAGGATCCCA
TGGGATCCTTGTGAGATGTGTTCCTGCCCTG

GGGCAGGACCAACGCTAGCAAGGATCCCAAT
'ATTGGGATCCTTGCTAGCGTTGGTCCTGCCC

‘'pairl CAGTGCAACGAGTCCCACCCTTGG

pairl CAAAGGGTGGGACTCGTTGCACTG

pair2 GACCACAAATCACTCCGATCCCAA
pair2 TTGGGATCGGAGTGATTITGTGGTC

GTCCCCACCAACACCTCTCTAGTCCTC
GAGGACTAGAGAGGTGTTGGTGGGGAC

13
SEQ
'SEQ

SEQ
SEQ

SEQ
SEQ

SEQ
SEQ

SEQ
SEQ

SEQ
SEQ

SEQ
SEQ

SEQ
SEQ

SEQ
SEQ

SEQ
.SEQ

SEQ
SEQ

SEQ
SEQ

SEQ
SEQ

SEQ
SEQ

3' R CCCGTCGACTCACTTCAGAAGCCCAGAGCCAGT SEQ

- F GAAAACCCAGAACGAGECCACCAAGGCACAG
- R CTGTGCCTTGGTGGTCTCGTTCTGGGTTTTC

SEQ
SEQ

Ip
1D

ID
iD

IDp
I

ID

ID

ID
ID

ID
ip

ID
ID

ID
ID

ID
ID

ID
ID

ID
ID

ID
ID

ID
ID

ID
ID

ID

ID
ID
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factor dependent cell line
in Exanple 9 except activity was
usi ng npl ligand 1-332 produced i
activiti SETUSHPAR | e
apparent fromthis- Table
cont ai ni ng aggltional car bohydrate, which
I ol ogi cal activity.
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1-174 (CHO 0 85 N4 (CHO

1 ' 60 N15 ( CHO) 2 : 92

1- 332(CHO 6 41 : -

EXAMPLE 13 10 In vivo Biological Activity of Ml Li gand Anal ogs
Platel et counts frommce treated with various fornms_of gand
were neasured wigskdsig results are 15 presented in FIG 1%cT %&%&rlved
npl |igand 1-332, 1-174, N4, and N15 were produced and purified by
npl - ~ receptor affinity chromatography. E. coli-derived Met-

Lys-npl ligand 1-1745-433 produced and puri-f sed- by conventi onal
chromat ography. The indi cated A- 337B ' -
48 - concentration of each form was adm ni stered subcut aneousl y

into normal, femal e ¥ (2)c-nF RACGAAGGCCACAGGHGATTCTIGHRAS days. TEER EP S¥ud
froma small |ateralN¥q2) - R GTECRAGMATCTEETHTGHSTTICEEF| ect ed Zﬁgﬂoﬁﬁé“oafté?

t he | ast
5 N37 -~ F GAAAACCCAGATGAACGAGACCAAGGCACAG SEQ ID NO.: 53
N27 - R CTGTGCCTTGGTCTCGTTCATCTGGGTTTTC SEQ ID NO.: 54
N38 - F GTCCCCACCAACACCACTCTAGTCCTC SEQ ID NO.: 55
N38 - R GAGGACTAGAGTGGTGTTGGTGGGGAC SEQ ID NO.: 56
10

F = Forward
R = Reverse

Constructions that introduce one new

15 glycosylation site were performed in tﬁo successive
steps. In step 1, two reactions were performed. using 4
different oligonucleotides. These oligos included a 5'
forward primer, a reverse mutagenic primer, a forward
mutagenic primer{usually complementary to the reverse

20 mutagenic primer) and a reverse 3' primer. The reverse
3' primer contained sequences that introduced stop
codons followed by Sall restriction sites. Stop codons
were introduced at positions 175, 184, 182, and 200.
Thus, forms of lengths 1-174, 1-183 (N16), 1~191 (N17)},

25 and 1-199 (N31) could be made. PCRL used template DNA
(pDSRC2 containing mpl ligand 1-174 sequences or full
length mpl ligand 1-332 sequences), the 5' forward
primer and the reverse mutagenic primer. PCR2 used
template DNA, the 3' reverse primer and the forward

30 mutagenic primer. The two PCR reactions were then
performed and the amplified DNA fragments were separated
by agarose gel electrophoresis. Small pieces of agarose
containing DNA fragments of the correct size were
excxsed from the gel.

35 The DNA fragments from PCR1 and PCR2 were
combined together and a third PCR reaction was performed

~ using only the 5' forward and 3' reverse primers. Thus,

a full length DNA segment containing the desired
mutations inserted into mpl ligand was amplified.



5 injection. Blood cell analyses were performed with a =~ Sysnex

el ectronic blood cell analyzer (Baxter Di agnostics, Inc. Irvine, CA).
Data are represented as the mean_of determinations of 4_animals, +/-
standard error of the mean. Qther blood cell paraneters such as 10
total white blood cell counts or red blood cell counts wer e not
affected by twevsedsseat nents (data not shown). PCT/EBI60M43% £ or s
stinmulated increases in platelet counts. However the activities of the
different forns varied. The relative in VI vo activity was npl ligand MK
15 1-174 (E. col | )3z33%p® ligand 1-174 (CHO Y N4 (CHO < mpl |igand
1-332 (CHO c¢ N15 (CHO . The result i_ndi cate that addjtion of
non-natural ly occurring ML ﬁﬂ‘@@ LHiad, SRpERERE WEZH 421 SeRaratedd in
Vi vo activity. by agakosat gelfeledmophhresismcrbasesrrert lsdz289 DNMount of
car bohydrate resul t gfRqRAPaki eaaifiézpnﬁaagsa Genédiehﬁm”k\iQ apgi vi ty
EXAMPLE 14 25 Conétrléc;sl Onlfefd Iggl an LﬁAngl rogﬁ\m@l géync ti

N16- NAO by Overl ap prpeecures supp ARaP ogs i (°s 6 for
t he structur®s Bhe(puzidigsaP¥hyHas\digestsd might Tephyans, Salip '3@11 PCR
(pol ynmerase chain regcha®puritieg sgdimuedal e dedeclean™ it Cheng et al .
PNAS 91, 5695 (1994kra§§mtc@lakytﬂé}? lz.gatEQ 16 Fhal QNS But Nisdisced i

each constructi on. foll owi ng oligonucl eotide priners
wer e synt hesi zchigaged, DA, Wf)r%ﬁ?&l‘@’-'&h’é?% tR18-Y@ipmes of ethanolyyp
96/ 25498 in 0.3M NaOAc pH 5.2 in the preskPAdé UOGaR2482 tRNA and

10 transformed into E. coli. Clones were tested by
restriction analysis and agarose gel electrophoresis to
- identify those containing the correctly sized DNA
inserts. Purified plasmid DNA was then prépared and the
mpl ligand insert was sequenced to confirm the presence
15 of the desired mutations and to ensure that no
additional amino acid changes were introduced.
In several cases, two or more mutations were
combined simultanecusly, i.e., see N29, N33, N34, N35,
N39 and N40. This could be done by introducing a new
20 substitution into DNA already containing a change. For
example, N33 was made by introducing the N23 changes
into N15. In this case the procedure above was performed
by using N23 mutagenic primers and the N15 template DNA.
In another strategy, two changes could be
25 1ntroduced szmultaneausly into template DNA. The
template DNA could contain natural seguences or could
contain sequences encoding mpl ligand forms already
containing changes. In these cases step 1 involved 3 PCR
reactions and 6 oligqs. The oligos included a 5' forward
30 “primer, 2 pairs of forward and reverse mutagenic
primeré, and a reverse 3' primer. Each pair of primers
was complementary to each other and contained sequences
designed to introduce one new glycosylatiop site.
PCR1 included template DNA, the 5°' forward
35 primer and the reverse mutagenic primer from pair 1.
PCR2 included template DNA, the forward mutagenic primer



A- 337B - 49 - 5 F
CCCTCTAGACCACCATGGAACTGACTGAATTGCTCCTC . SEQ ID NO : 18 3 R
(1-174) CCCGTCGACTCAGAGCTCGITCAGTGTG SEQ ID_NO.:. 19 5, N16 -
3' R COCGTCGACTCACTCCAACAATCCAGAAG SEQ ID NO.: 20 N17 - 3' R
CCOGTCGACTTATCTGGCTGAGGCAGTGA SEQ ID NO.: 21 10 N18 - F
CACGT CCTTAACACRAGEEHM\GCCAGTG SEQ ID NO.: 22 RGTAS26/02492
CACTGGCTCAGGCTGCTGTTAAGGACGTG SEQ ID NO.: 23 N19 - F
CCCTTTGCCTAACGGT TCCCTGCTGCCTGCTGT SEQ ID NO.: 24 15 N19 - R
ACAGCAGGCAGCAGGGAACGEREAGGCAAAGGEG SEQ IR N9 . 25 N20 - F
TCI:CTACACCTAACCTGTCGCCiIEAGCTGTGGA SEQ | Dly%o 26 N20 - R

TCCACAGCAGGCGACAGGTTWWnd th§E:QJeruQnuta%En1c px%.Qner ﬁé m ;E%r 2

GGAAAACCAATAT GT CGGAGA
TGTGCCTTGGTCTCCGACA

11§Fﬁgcﬁﬁﬁﬁ1§:pv1mers PD F&)palggl primers. h&g§3 =

TGGGAGAATGGAACACCACGAIRTGASLAGNDLate DNILQthE fidrwar@0mutagenicN@fimerR from

GGTCTCCTCCATCGTGGT
AAAACCCAGAT GAACGAGA

2TEAdCRR reversedE@:| Priddr. 31 25 N23 - F

CCAAGA Q R
TGTGOCTTGGTCGTCTRGTTCATCT f"%E%Eﬁ § %EBNQ‘%%%%R ‘e““ﬁﬁﬂ“’“
CCCAGATGGAGAACACCT CEBRACALERNT agarose gad) pieqRyophgresis 3pd epgisedras
ATGTCCTGIGCCGAGGT GT TieEocAT CiHeS3 DNA fragmient D d2e tBén combined Ndyethkr

CACGGGGACAAAACGGAA W

T OAGAGIAAGT OO T COGRRRT y BCR 358 Pige °§gy the 35 E%%?‘d pad
CAGGGCAGGAACACATCTCACAREYEIRBALmeTs. SEQ 1 D NO, - | N26 -
TGGGATCCTTGT GAGADGT GTTCCTGOCCIHS DNA s@ﬁ@ﬂ@eh&dn@g the entireNgdne o

%_BCAGG'_?‘%%A T%;%Qﬁ'{ﬁ sequenc%ggcbﬁ)cm:.ng‘l@wo newOQIWsyiaﬁign E
pai rl CAGTGCAACGAGT en P“““"&‘EQ FEF Nb‘h gé“ and ‘Salpg andp i 2

CAAAGGGTGGGACTCGTTGGA@?eed into Xpaf |apd\GALIsqut PDSRX2 as before.

. 15

20

25

30

Multiple mutatlons could also be combined by
performing the PCR reactions on templates already
containing mutations. For example; N3% was made by
introducing N36 and N38 changes into N15 template DNA.
This was done using a different set of primers (N36(2))
than that used to make N36 (N36(l)). See primers set
forth above. Both sets of primers introduced the same
mutation.

Longer mpl ligand forms could also be made.
Thus, N40 was made in a similar manner to N35 except the
3' reverse primer in PCR 3, (step 1) and the PCR primer
in step 2 was the primer used to make N31. This primer
introduces a stop codon at position 200 followed by a
Sall restriction site. In addition, the template DNA
used for PCR 3 contained sequences encoding £full length
mpl ligand (1-332).. '

The typical PCR reaction mix contained: 4 ul
each of forward and reverse primers (5 pm/ul), 1 ul

‘template (50 ng), 10 ul of 5X LP buffer (100 mM Tricine -

35

pH 8.7/25% glycerol/425 mM KOAc), 10 ul dANTP stock (1 mM
each of dATP, 4TTP, 4CTP, dGTP), 0.8 ul rtTh polymerase

(Perkin Elmer; 2.5 U/ul), and 2 ul Vent polymerase (NEB;
0.01 U/ul after 1:100 fresh dilution in 1X LP buffer).



N29 - F pair2 GACCACAAATCACTCCGATCCCAA SEQID NO.: 44 45 N29 -
pai r2 TTGGGATCGGAGTGATTTGIGGIC SEQID NO.: 45 N3O - F
GTCCCCACCAACACCTCTCTAGICCTC SEQ ID NOQ - 46 N30 - R
GAGGACTAGAGAGGT GTTGGTGEGEGAC SEQ I D NO.: 47 50 N31 - 3' R
CCCGTCGACTCACTTCAGAAGCCCAGAGCCAGT  SEQ 1D NO.: 48 N36(1) -
GAAAACCCAGAA 8@ 6898 CCAAGGCACAG SEQ ID NO.: 49 Ngg{;?? -
CTGIGCCTTGGTGGTCTCGITCTGGGITTTC SEQ ID NO.: 50

PCT/ US96/ 02492 WO 9%/ 8 A-337B. g3 . - 50 - :
N3 6(2) - F CACCAA CAGGACATTCTGGGAG SEQ ID NO.: 51 N36( 2)
- R CTCCCAGAATGT CCT, Tﬁi& to bring S_E'Q lf@n&:pvola%e to R N37A11 F

GAAAACCCAGAT GAACGA R
CTGTGACT TGGTCT OGT TGAFCGRRT e were a@E@ ERERERSF 43 the ordenyghownr
GTCCOCACCAACACCACTGRAGEBETEER was start&E@heD N@ itefberature dM38ng fhe

EA@'ACJAGAGFCI;TGFTWIe was above He k@%ﬁ'@ay ad@inglD ul of s50Fmf
or war

truction t roduce
one new 15 glyco%%\éﬁt gﬁa%‘i’fé’ ﬁ@?glf)%%sor"'ﬁﬁﬁ .rl"fﬁy e?u%%egtJ:?Ve 3
steps. In step 1, m/r‘léa%-t|10H\3nvae5%cpe5fm$m@1&9l"ﬁ§ By 25 cyclgbfé®rent
ol i gonucl eot i des. These obi gyssfic) udesin? %8°c, S5 minforward priner, a

reverse mutagenic priner, a hLofatdneral prdldbRAEN W R" LOBE (Hpual 1y
conplenmentary to the reverse
construct the mpl ligand analogs and truncations N16 to

10 N40 shown in Table 6. The DNA sequence changes for each
of the forms are shown.

R



20 mutagenic priner) and a reverse 3' prinmer. The reverse 3 prinmer
cont ai ned sequences that introduced stop codons fol |l owed by Sal
restriction sites. Stop_codons were introduced at positions 175,
184, 192, and 200. Thus, fornms of lengths 1-174, 1-183 (N16), 1-191
(N17), 25 and 1-199 (N31) could be made. PCR1 used tenglate DINA
(pDSRa2 cont ayendemaqosp! | i gand 1-174 sequences or full CT. zrrpl

| i gand 1-332 sequences), the 5 forward primer and the reverse

mut ageni ¢ prinmer. PCR2 used tenplate DNA, the 3' reverse priner and
the forward 30 nﬁf%ﬁ@hic prinmer. The two FCR reactions were then
performed and the anplified DNA fragnents were separated by agarose
gel electrophoresis. Small pieces of agarose contai.ni ng DNA
fragments of the correct size were BMRLEs6d fromthe gel. 35

The DNA fragnents from PCRL anduplChHAQMRDEANALOGS HAPING agetoget her and a

third PCR reaction was perfor _ [ € rward and 3
reverse priners. Thus, Iﬁ?aﬁﬁﬂlﬁ%ﬁg ﬁagﬁﬁaééaﬁgnfé%%%faining t he

desired mutations inserted into npl ligand was anplified.
~ WO 96/ 25498 Analog/ g Amino Acid PCT/ US96é@Zehfte changes
\//A\\/éfg7§gai n separat species N1 - Substitution TE a”P' i fi ,ed fragemints
\ ayar ! 1 s T 107 €51 o LIE CUINTECT
si zed DNA fragm®f was ﬁﬁg?’f'lﬁg usi ﬁya %e‘ﬁ%rc?‘@gn[ écf‘]"%“t (85pf| codon!
procedures supplied by the manufacturer (Bio 101, Inc.). 5 The purified
DNA was digested with ¥hal andaSal)l /1085614332 41 HRF PREriieA A8a) Baon
using the CGeneclean[err| kit. The - fragnent was then ligated into
Xbal and Sall cut pDSR[err] 2. Li gat ed Dqﬁ was, precipitated with 2
vol unmes of et hanol N18 in O.BHFﬂﬁbﬂgggﬁﬁﬁﬁzznﬁeF%% pr esEhE A@ORAG AGE
t RNA and 10 transforned into E. coli: Cones were tested by :
N19 Thr37, pro38,va139— ACA,CCT,GTC
Asn37,Gly38, sex3? —AAC, GGT, TCC
N20 val39, Leu4l-asn3d?, serdl GTC, CTG—AAC, TCG
N21 G1n54,Glu56—Asn54, Sers6 CAG, GAG—AAT, TCG
N22 - Lys52, Gln54-Asn52, Thrs4 AAA, CAG—AAC, ACG
N23  GluS57—asnS55 (1), ThrS7 GAG—AAC (i) ,ACG
N24  Glu57,Lys5%—Asn57, ser59 GAG, AAG—AAC, TCG
N2% Leu8l, pro83—asntl, Thrh3 CTG,CCC—AAC, ACC
N26 Thrll8, al1al205Asnll8, gerl2l ACC,GCT—AAC, TCT
N27 Thrll9, Hisl?loasnlld, geri?l ACA, CAC—AAC, AGC
N29 Pro30,val32, alal20, Lysl22— CCA, GTT, GCT, AAG—
Asn30,ser32, Asnl20, serl22 AAC,TCC, AAT, TCC

N30 Serl63 Argl64—Thrl€3 Agnléid AGC,AGA—ACC, AAC



restriction analyéis and agarose gel electrophoresis to identify

those containing the correctly sized DNA i nserts. Pur| Qﬂﬁfid
DNA was t heno Bﬁgﬁﬁ?ed and the npl ligand insert was se&ﬁ e 0
confirmthe presence 15 of the desired nutations and to ensure that no
addi tional am no acid changes were introduced. ‘I'n several
cases, two or norg-jaHmti ons were camgisned sinmul taneously, i.e., see
N29, N33, N34, N35, N39 and N40O. This could be done by introducing a
new 20 substitution into DNA al ready contai ning a change. For

exanpl e, N33 was made by introducing the N23 changes . into N15. In

this case the procedyss aboveuy\,ggg, PeFHD0 0B 1,332 dg#ggang.r&l%&,maggv Eogons

prinmers and the N15 tenpl ate DNA anot her strate
changes coul d be 25 introduced sinultaneously into tenplate DNA. The

tenplate DNA coul d cop®in nabysH, vaeIpleneEs 951200l 22 CCACEE&'abHG /GCT, AAG

sequences encodi ng npl |igand forms al read cont ai ni ng changes
t hese cases step 1 involved 3 PCR reactions and 6 oligos. The oligos
included a 5 forward 30 prasgeio ﬂhn@3|ASn@$(iprmnfﬁTanﬁAceygcsgAC(l) ACG,
mut ageni c primers, and a reveré 350 Rl BK. Each pair of riners -
was conplenentary to each ot her and R ai n sequences ?gﬂ@ﬁ to
i ntroduce one new gl ycosyl ation site. PCRI included
tenpl ate DNA, the 5 Jorward ;. 3o ,p{Iz2ngy 1!‘5@ vlegase Ayt nL <. P A
frompair 1. P |ncluded tenp Iateutmgféthe ormar ?ggeﬁg% é$¢$§§A
WD 96/ 25498 PCT/ US96/ 02492 =
A- 3378 © 52 asn30, me3t [QRBRALT, theand thRaeweEsgac i) ,acc,
nut ageni c_pri ner frompair 2 pair,2 priners are 3" 7to pair
primers. PCR3 i ncl uded tenplatgmﬁﬁi ASRE or var d mut ageni &€ §r$h%r
.from
N35 N4+N23+N30+N31 (1-199) - -
N36 Met533,Glu37—Asn55, Thr57 ATG, GAG—AAC, ACC
N37 Glu36—asn56 ' GAG—AAC
N38 Serl63 Argléd gerl6s AGC,AGA, TCT
—Thrl63, asnl64, Thrl66 —ACC, AAC, ACT
N39 N4+N10+N36+N38 (1-174) - -
N40 N4+N1O0+N36+N38+N31 (1-199) - -

The symbol "(i)" in the above Table means that
the referenced amino acid has been inserted. For
example, Glu37->Asn55(i}, ThrS57 (analog N23 in Table 6)

5 means that the Glu at position 57 has been replaced with
a Thr and, additionally, an Asn has been inserted just
- after the Met at position 55, and the Asn has been
numbered 55" so that subsequent amino acids retain their
previously assigned numbers.
10 Examples that include all changes from
previous Examples are indicated by the specific analog



pair 2 and the reverse 3" priner. 5 DNA fragments from each

PCR reaction were separ ated by agarose gel el ectroph @ﬁg

exci sed awo096/2549%efore. The 3 DNA fragnments were then conbi ne toget her
and anplified by PCR again using only the 5 forward and 3" reverse
prinmers. 10 The DNA segnent encoding the entire gene of
interest wth se S containing two news%l ycosyl ati on sites was
then purifi ed, cut h Xbal and Sall, and ligated into Xbal and Sal |-

cut pDSR[err]2 &s bef or Y
Cut PSR er 112 As Bl 0L et byptse’, dgPFLos bR Saltich
contai ni ng nut atyoms. Tios leemyghise o£NBBewaminadecby chains iod rtﬂfhxa ng N36

and N38 changes int N15 t enpl Q§A|

different set of "b?’f ﬁ\d‘é’(‘%c%t areﬁthelgagl&ed #l;' rfakae N33
(N36(1)). See pra:a:mt&mta mbifattibnabévell Sbehgeetmadd far malogs

| ntroduced the SQIe yy3, Niﬁf&ﬂd ﬁ@l The changes indf¥¥i&Lq Ry INxgand forns

could al so bé nade was made in a simlar manner to N39
except the meAn r Ak s%’ladﬂgrréfﬁsl AspER93amiBpepcids aktpd he @R pri ner

25 in step 2 wagndiegPrineiatiscd taeerrmhzc: BﬁinoTQtﬁdsprldfﬁj except Ntroduces
a stop codon at position 200fo|| restricti site. In

addi tion, the tcHpPER eHshcated uggdaf éf‘%ﬁﬁe@t g %'f}he Tedidt
encoding full | efgéds where rg dmlgandc@a-Baﬂ)bee601nserted the'ﬁutd@nm cal

PCR reacti-o mx £o aln eagh rjers
(5 prial) 3001 SRS S 1, dncrensea®BE" ik RRMEE L8 lthd L Gulld™™
Trici ne pl-b.&d?sﬁ)ZS% gl ycerol /425 nM KQAc), 10 ul dNTP stock (1 nM
each of dATP, dTTP, dCTP, dGIP), 0.8 ul rtTh polynmerase 35 (Perkin Elner;

2.5 Uul), and 2 ul Vent polynerase (NEgxampre 150- 01 Wul after 1:100-fresh

tati d aldso be

dilution in 1X LP buffer). WD 96/ 25498
PCT/ US96/ 02492 A-337B - B3 -
15 C acteri ion i alogs a Truncation
N16 to N40

A. Determination of expression level and in vitro
bioclogical activity of mpl ligand analogs.
20
Species N16 to N40 were transfected into COS
cells using either the electroporation method (Example
5) or the CaPO4 method (Mammalian cell Transfection Kit;
Specialty media). Cell free conditioned medium was
25 collected after 3-4 days, aliquoted and stored at =70
OC. Expression level was determined by ELISA assay as
described in Example 7. The supernatants were also
assayed for biological activity as described in Example
9 with one modifiéation. The activities were calculated
30 from a standard curve using purified CHO cell expressed
mpl ligand 1-332 as standaxrd.
The results are shown in Table 7. As shown in
Table 7 most of the mpl ligand analogs were expressed
and secreted. Some of the analogs appeared to have
35 increased secretion. Bioassays on these samples
indicated that the specific activities for most were



H20 was added to bring the final volune to 50 ul. Al t he conponents

wer e added together in the order shown and the PCR @g when
t he t enperWP@pR@548ri ng t he first cycle was above the g'd?}és%lf’ %
adding 1 ul of 50 nmM 5 MOAc. Reaction conditions were: 2 cycles of
94[err]C, 10 sec/45[err]C, 1 mn/ 68[err]C, 5 mn foll owed by 25
cycl es of. BAd34g10 sec/55[err]C, 1mgy 68 C, 5 mn.
These general procedures were used to construct the npl Iigand
anal 0gs and truncal1onsoifidile cl0 urbil;$008N cbindabkend or it 1o
sequence changes or eac forms are ]\7?6
96/ 25498 contained mult:.ple N-linked carbohydrate PR AI8DETeR 492
A-337B below) . This -inlcates that carbohydrate addlt:.on can
TABLE 6 MPL, LI GAND ANALO(By HAVI NG SI TES -
FOR N- LI NKED CARBERRHHATER Grqrggsed secretion gpd germal in vitro Ami no
Aci d 5 actitefueifkaHdhangdsags. Speci es No.
Substitution N16 (1-183); Thr[err]-> dy332 deleted
ACA- >TGA (stop codon) N17 ~ (1-191); Thr[err]-> dy332
del eted ACT->TAA (stop codon) TABLBI1B
Hi s23, Arg25- >Asn23, Ser 25 CAC, AGA- >AACAGC
Mpl Ligand Sequence Number of Elisa In Vitro Specific
Form N-linked (ng/mi) Activity Activity
{Amino - chains (units/ml) (units/
Acid : ng)
Length) (a) (b) (c) (d)
N1 (174) Native 0 28 3991 . 143
N15 (174) N30T32N120T122 0-2 45 7003 1586
N16 (183) 1-183 0 85 9276 NA
N17 (191) S 1-191 NA <0.3 11 NA
N18 (174) N23825 0 2 5 2.5
N19 (174) N37G38S39 NA <0.3 NA NA
N20 (174) N39S41 NA <0.3 <10 NA
N21 (174) N54S56 0-1 30 4380 146
N22 (174) N52T54 0-1 2 856 428
N23 (174) N55'(i)T57 1 11 1059 96
N24 (174) N57S59 0 5.3 458 86
N25 (174) N81T83 NA 0.22 123 559
N26 (174) N118S120 " NA 0.9 96 1086
N27 (174) N119S121 0 4.5 338 75
N29 (174) N30S32N1208122 0-2 15 1627 108
N30 (174) T163N164 0-1 128 15592 122
N31 (199) 1-199 atleast1 156 - 19000 122
N33 (174) 4+10+23 3 78 10067 129
N34 (174) 4+23+30 atleast2 112 13536 120
N35 (199) 34 +31 4ormore 172 13112 76
N36 (174) N55T57 0-1 48 5808 121
N37 (174) N56 1 32 4504 141
N38 (174) T163N164T166 0-1 25 3904 156
N39 (174) N4+N10+N36+N38 3to 4 127 17661 139
N40 (199) N4+N10+N36+N38+N31 atleast5 134 19735 147




-

N19 Thr[err],Pro[err],Val[err]-> ACA, CCTGTIC

Asn37, d y@%ﬁr [err] ->AAC, GGTI, TCC PCHHES96/02492
Val [err], >Asn[err], Ser[err] GIC, CTG >AAC, TCG

N21 G@n[err],du[err]->Asn54, Ser 56 CAG GAG >AAT, TCG

N22 Lys[err],_Gn[err]->Asn[err], Thr54 AAA, CAG >AAC, ACG
N23 @é”ﬁ>MMEH]U) . Thr[er 5B - GAG >AAC (i) , ACG
N24 €] u[qrr],Ly559->Asn[err] Ser 59 GAG AAG >AAC, TCG

N25 Leu[err], Pro83->Asn81, Thr[err] CTG, CCC->AAC, ACC

N26 Threrr], Ala[err]->Asn[err], SeNQDES ACC, CCT-+AAC, TCT
N27 Thr[err],H s[err]->Asn[err], Ser[err] ACA, CAC- >AAC, AGC

Asn[err], Ser[err], Asn[err Ser[err
Ser[err], Arg[ &rr]esst ﬁFCAgépégrfo thaaobidd SAGE Ake analognD 96/ 25498

PCT/ US96/ 02492  poiypeptAdd®s7Bn SDS gels. - - 55 -

N2 Prof er¢d) Vald zumbeél %[fej%\alia.tké!ﬁ&gﬁ%:cf%eld AT ME>

(b) Quantities of mpl ligand analogs in COS cell
supernatants were determined by EIA.

10
(c) In vitro activity was determined by measuring
proliferation of 32D-MPL cells which are dependent on

~ mpl ligand for growth.

15 (d) Ratio of in vitro activity of mpl ligand analog as
measured by proliferation assays to amount of mpl ligand
analog measured by mpl ligand ELISA.
i~ Insertion

20
NA Not available
B. Determination of carbohydrate addition.

25

The analogs shown in Table 6 were tested to
see if they added N-linked carbohydrate using the
procedures described in Example 6.

Some analogs (N21, N22, N30, N33, and N36)

30 were also tested with a modified procedure. This was
necessary because the monoclonal ahtibody used to
develop the Western blot was raised to a peptide
including amino acid residues 47 to 62, and some of the
analogs described in Table 6 contain substitutions that -

35 affected immunoreactivity with this antibody, e.g. N21.
Therefore, to analyze these analogs the supernatants
were immunoprecipitated using a monoclonal antibody
raised in mice to E. coli cell expressed mpl ligand



s

N31 [err]; Trp200->3 y332 deleted TGG >TGA (stop codon)

N33 Pro[err]Vallerr],Qu[err], Ala[err]Lys122 CCA GIT, {eudeh249GC
Asn[err], WOBERSABN55' (i), Thr{err] AAC, TCC, AAC(i ), ACG i
Asn[err], Thr[err] AAT, TCC N34
Pro[err]Val[err],Glu[err],ser[err],Arg[err] CCA GITGAGAGCAGA
Asn[err] Threrr] pAsabgrr] (i), Thrierr], AASH TCC, AAC(i), ACG
Thr[err],Asn[err] ACC, AAC N35 NA+N23+N30+N31
(1-199) - " 1-16N36 Met 55, G u57- >Asn55, Thr[err] ATG
GAG >AAC, ACC N37 G u[err]->Asn56
AC::.ég;AGﬁC N38 TypicallysSip[ugs] Qfrypeibqdicergeryged to

' , TCT immunoprecipitate S0 Ydd€rmidl ,¥ £ .l e
- >ACC, AAC, ACT precBs "N Ns/e??Ngarg (a]f'a 1041 cuebern
N4O NA-+N| OFS6ANYa FRa impynqpRgcipitated material were i’?ﬁﬁBFm"?i $5 in

the a?o:;e lab$e laé&&&ibbalt in Eéxamﬁh@ 6 eder et atheainmanapirécipd theed

I nserted. For example, .J uferrl->Asnfer N rperyr I N23 in
Table 6) 5 nemdﬁhﬁ’ggfhglﬂ‘ﬁibfe%o)yt]rrgb%ukgf("r{)% %‘reée%q‘roé:]ﬁl (é'ggg Sfen

a Thr and, addit irabblityanan-#ph higahdepolyslontald gnrdbody (typficedlyhé Met
at position 55, the as.bgen ; QQ&H ' t ubsequent
am no acids ret ai%%qfn%éi rré§gea éop?'evf%ﬁfélci/e%sjsy ne s%?ng%?'s.ﬂg%Sa

Exanpl es that ind-d88)arhdchangatif¥ajppit ECL kit (Amersham). The

10 results of the various experiments are shown in Table 7.
Some of the analogs had increased size indicative of the
presence of N-linked carbohydrate (N21, N22, N23, N29,
N30, N31, N33, N34, N35, N36, N38, N39, and N40). A
subset of these analogs had more than 1 N-linked chain,
15 e.g., N29, N33, N34, N35, N39 and N40. These analogs
were secreted at normal or higher levels and had in
vitro biological activity comparable to mpl ligand
1-174. This indicates that multiple functional N-linked
glycosylation sites can be introduced into mpl ligand
20 without a deleterious effect on either expression or
biological activity.

To demonstrate that multiple oligosaccharide
chains- can be added to mpl ligand, various analogs
expressed in COS cells were analyéed by Western blot as

25 described in Example 6. FIG. 12 shows that the mobility
of the analogs decreases with increasing numbers of
added N-linked glycosylation sites. Analogs with 4 new
sites are shown, N39 and N40. The analogs with the most
N-linked sites had the slowest mobility. This result is

30 observed with both 1-174 and 1-199 forms of mpl ligand.
This indicates that at least 4 analogs can be combined
together resulting in new analogs with multiple N-linked

carbohydrate chains.

35



previ ous Exanples are indicated by the specific anal og WO 96/ 25498

PCT/ US96/ 02492 A-337B - 56 - soie

j oi ned byWO96/28438ns.  See anal ogs N35, N39, and N4O0. Er%'léml engﬁ?s of
the ami no acid chains of these anal ogs are indicated parenthetically.
Thus, anal og N35 contains a conbination of all changes made for

anal ogs 5 NA-3¥8 N30 and N31. The céhawges indicated for N31

mean that analog N35 is 199 am no acids |ong. All anal ogs in Table 6
are 174 am no acids |ong, except EMaeie e Rdi cated to be a different

| ength (or, in the , cases where an am no acid has been inserted, the
total. 10 length will be increased by the nunber of inserted am no

aci ds). Comparison lvcos KEt&S Con in met-e3dzat i on

of Mol Ligand Anal ogs and Truncati ons N16-to

N40 A. Determ nation of expre§§f0%§¥%%§¥y%nd in vitro

bi ol ogi cal astivity of npl |igand anal ogs. 20 Speci es

N16 to NAO were transfect I s f%}i . | S:USLN i r

el ectroporation net hod (Exei\g.rrlpﬁq{e]& ycofylgfqt%hegtg%%ﬁlgnréjf‘%&lo% ?%%?rﬁ*rral I an

cel | Transfecti owrdX-Thr or Asgp¥cPart yhesei})cawdre Fmeensomd thened

medi um was 25 rbaﬁ&#a%]aﬁ%c%&%&né- dmiAYSacahl deet st Yh SRS G stlea €0
eve

[err] C. Expressi was det erm ned bg ELl SA assay as, descri bed

in Exanpl e 7. THRetapEneatBeteeRef8raPioThT 1S RER G I 5hGe &iies)

activity asifesgddiaddnl EnaRlfere, two9sétshopnendsld iviialh @achliet

activities were calcul ated om,a tandagd curve %ijn%cp%rLfLed CHO
g n

3 f.
Gol | "exprossed. contatiing myaRy 1558592 aRGRwon e ke

.. éither a Ser or Thr at the third position in the sequon

were examined to see if there was an effect on percent

occupancy of the N-linked glycosylation sites. N15

15 contains 2 Asn-X-Thr sites while N29 contains 2 Asn-X-
Ser sites at exactly the same positions. In a similar
manner N30 contains an Asn-X-Ser while N38 contains an
Asn-X-Thr at the same position.

To compare these two sets of analogs, they

20 were expressed in COS cells and the secreted mpl ligand
was subjected to Western analysis as described in
Example 6. FIG. 13 shows the results. N15 had a
significantly increased proportion of glycosylated mpl
ligand as compared to N25. In contrast; there was very

25 little difference in the proportion of glycosylated and
unglycosylated mpl ligand when N30 and N38 were
compared. These results indicate that both Asn-X-Ser
and Asn-X-Thr can be introduced into mpl ligand and that
both can act as sites for N-linked carbohydrate

30 addition. In addition, in some cases the Asn-X-Thr
sequon may be preferred (i.e., it may be more
efficiently glycosylated).

While the invention has been described in what
35 is considered to be its preferred embodiments, it is not
to be limited to the disclosed embodiments, but on the



The results are shown in Table 7. As shown in Table 7 npbst of the

mpl ligand anal ogs were expressed and secreted. Sonepefyksknaassal 09s
appear ed NP PpikPd 35 increased secretion. Bioassays on these sanples
indicated that the specific activities for nost were WO 96/ 25498
PCT/ US96102492 A-337B - 57 - al so
conparable to urPott ffed forms. Some of thénal 0gs cont ai ned

mul tiple N-linked carbohydrate chai ns(see bel ow). This indicates

that carbohydr at @OREEREY ot dfitended toeeQVEr| Karheysamedi Stertionm andi
normal in Vitro equivalétid rdoluded RAtRIAl @HS spirit and scope of the

TABLE 7 | Ligand, Sequence ) unper of Elisa_  In Vitro
Specific aé%%g##é’é&alms, which'scope is RO| PRKRECFFM §heact i vity
:(A\Ct i vi }y broic_&(ﬁj&tﬂ(interpretation so as to efibémpPdss all sdari ts/nl) )
units . . ng
Lengt h) 5 moé‘fflcatlons an(da)equlv&%)ents. (¢) (d) NL
(174) Nat i ve 0 28 3991 143 N15 (174)
N30T32N120T122 0-2 45 7003 156 N16 (183)
1-183 0 85 9276 NA N17 (191) ' 1-191
NA <0.3 11 NA N18 (174) N23S25 0
2 5 2.5 N19 (174) N37G38S39 NA <0.3
NA NA N20 (174) N39541 ' NA <0.3 <10
NA - N21 (174) N54S56 0-1 30 4380 146
N22 (174) N52T54 0-1 2 856 428 N23
(174) N55' (i) T57 1 11 1059 96 N24 (174)
N57S59 - 0 5.3 458 86 N25 (174) N81T83
NA 0. 22 123 559 N26 (174) N118S120 NA
0.9 96 106 N27 (174) . N119S121 0 4.5
338 75 N29 (174) N30S32N120S122 0-2 15 1627

108



N30 (174) T163N164 0-1 128 15592 122 N31

(199) WOSeheds at least 1 156 19000 122 PCT/USONGD98 174)
4+10+23 3 78 10057 129 N34 (174) 4+23+30
at least 2 112 13536 120 N35 (199) 34 +31 4 or
nore 172 13112, N36 (174) _ - N55T57 0-1 48
5808 121 g 33[\73% (174) N56 52 1 32 4504

141 N38 (174) T163N164T166 0-1 25 3904 156

N39 (174) N4+NIO+N36+N38 3t o4 127 ISHEEENCE LESING N40
(199) NA+NLO+N36+N38+N31 atleast5 134 19735 147 WD 96/ 25498
PCT/ US96/ 02492 (1) GENERABIMBORMATION: - 58 -

NOTES 5(a) The nunber of additional N-1inked chains was 5

estimat ed accordi ng t ofit hePERIBANT :t Rlpfott hestamer Gy pol ypeptides in SDS
gel s. (b) Quantities_of | ligand anal ogs in COS cell

supernatants were det‘éthiTTEGE (RF %@mx i ¥PL LIGA‘%{ AALIESyi tro activity was

det er mi ned .bysnmeasur,i.g r ol i of 32D-MPL cells which are
YoTRASUI:06) Nuvmen of SubRER. T 08

dependent on I growth. 15 (d) Ratio of in vitro
activity of npl |igandvanaregsmNpENCE ApprEgsgired by proliferation assays to
anmount of npl |igand (Am aADDRESEEES UneskENDbyNapl | i gand ELI SA. I -
I nsertion 20 NA Not (@Va$IREET e 1840 Dehavilland Drive

15 {(C) CITY: Thousand Oaks

{D) STATE: CA
(E) COUNTRY: USA
(F) ZIP: 91320-1789

20~ . (v) COMPUTER READABLE FORM:

(A) MEDIUM TYPE: Floppy disk

{(B) COMPUTER: IBM PC compatible

(C) OPERATING SYSTEM: PC-DOS/MS-DOS

(D) SOFTWARE: PatentIn Release #1.0, Version
25 #1.30

(vi) CURRENT APPLICATION DATA:
(A} APPLICATION NUMBER:
(B) FILING DATE:
30 (C) CLASSIFICATION:

({2) INFORMATION FOR SEQ ID NO:1l:

35 {i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1342 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
10 {D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

{ix) FEATURE:
45 (A) NAME/KEY: CDS
{(B) LOCATION: 36..10%4

(ix) FEATURE: :
{A) NAME/KEY: sig_peptide
50 {B) LOCATION: 1..98

(ix) FEATURE:
(A) NAME/KEY: mat_peptide
&5 (B) LOCATION: 99..1094

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:



P

B. Determ nation of carbohydrate addition. 25 The anal ogs
shown in TablRnsogere tested to see if they added N-|ipUwAs96/02492

car bohydrate ‘using the procedures described in Exanple 6.

Some anal ogs (N21, N22, N30, N33, and N36) 30 were also tested with a
nodi fi ed procedurg, 33 ngs was necessargs hecause the nonocl onal

anti body used to devel op the Western bl ot was raised to a peptide

i ncluding am no acid residues 47 to 62, and sone of the anal ogs

described in Table 6 contain substitutions that 35 affected

| mmunor eacti vity wddaabidss cééﬁA'GE@ﬂbY aalacdtcch®kcaca atg APERS Ak chOpAfal YZ€ o4

t hese anal ogs the supernatants were | munopnRei @iy abeGndSENd L.é,
nmonocl onal ants body raised in mce to E. cold2icedd expressed npl
| i gand WD 96125498
PCT/ US96/ 02492  CTC CTC GRG3GIMBATG CTT CTC CTA ACT GCA AGH CTA ACG CTG TLCIBX 101
Typically 15 ugs Eﬁ“ &Rt iVFddVa et Jeudlep Leu Thr AlagidngdiseBipilentsers8emg of
npl ligand an ?Iog West ern “Hiots with |nnunoBreC|p|tated mat et i al
were performed asceq cop AaSEsd ke o @ea@aé e EXCeRt AddCara cro g 149
| mmunopr eci pi t at egko ala probPsRlA1NRIE NdpStHad I22Q0vy Lbd GeRalydded iR i
with the rabbit anti-nplsligand polyclormal anti body (typusally 1 -
ug/m; raised to E coli cell expressed npl |igand 1-163) and an
anti rabbit BEL k¢ PEeAS @y CTTHAC AGC] BGA (TG ARG CA¢ TGReCCAa PR IBST CAC 197
experinent's are ef rt*‘?za(;fﬁlexﬁu His Ser A’é‘% Uofer [ER LA %‘ij?GHad'alln‘f:‘rseased
size indicative of the presence of | i nked car bohyd % e (N21, N22
N23, N29, A0 rrdiTkr MBS coNEte MPcrdRer ABEBerdRc PRdAbKBre &a 245
subset of thege amal ges AFBUTHIOPES tadNLek Ded intkeshaClral tsp PHES sBr Geu BY49,
N33, N34, N35, N39 and3d\N40. These anad®dgs wer e 4secreted at normal or
hi gher levels and had in V|tro blolo%pcal act|V|ty conparable to npl
| i gand - 1598 TGH2DA| M EAE CPEGFR ARE ISTRKER 293
gl ycosyl at oassl t%"ss’a‘ ) WE Thit Fb"blﬁ‘(géamt“n%“ e W ﬁ?g%i Gln Asp Ile Leu Gly
GCA GTG ACC CTT CTG CTG GAG GGA GTG ATG GCA GCA CGG GGA CAA CTG 341
Ala Val Thr Leu Leu Leu Glu Gly Val Met Ala Ala Arg Gly Gln Leu '
70 75 80
30
GGA CCC ACT TGC CTC TCA TCC CTC CTG GGG CAG CTT TCT GGA CAG GTC 389
Gly Pro Thr Cys Leu Ser Ser Leu Leu Gly Gln Leu Ser Gly Gln Val
' 85 90 95
35 CGT CTC CTC CTT GGG GCC CTG CAG AGC CTC CTT GGA ACC CAG CTT CCT 437
Arg Leu Leu Leu Gly Ala Leu Gln Ser Leu Leu Gly Thr Gln Leu Pro
100 105 : 110
CCA CAG GGC AGG ACC ACA GCT CAC AAG GAT CCC AAT GCC ATC TTC CTG 485
40 Pro Gln Gly Arg Thr Thr Ala His Lys Asp Pro Asn Ala Ile Phe Leu
115 : 120 125
AGC TTC CAA CAC CTG CTC CGA GGA AAG GTG CGT TTC CTG ATG CTT GTA 533
Ser Phe Gln His Leu Leu Arg Gly Lys Val Arg Phe Leu Met Leu Val
45 130 135 - 140 145
GGA GGG TCC ACC CTC TGC GTC AGG CGG GCC CCA CCC ACC ACA GCT GTC s81
Gly Gly Ser Thr Leu Cys Val Arg Arg Ala Pro Pro Thr Thr Ala Val
: 150 155 160
50
CCC AGC AGA ACC TCT CTA GTC CTC ACA CTG AAC GAG CTC CCA AAC AGG - 629
Pro Ser Arg Thr Ser Leu Val Leu Thr Leu Asn Glu Leu Pro Asn Arg
165 170 175
55 ACT TCT GGA TTG TTG GAG ACA AAC TTC ACT GCC TCA GCC AGA ACT ACT 677

Thr Ser Gly Leu Leu Glu Thr Asn Phe Thr Ala Ser Ala Arg Thr Thr
180 185 190



~

20 without a deleterious effect on either expression or bi ol ogi cal
activity. To denonstrate that nultiple ol i gegassysezdote

chai ns can ge%ga‘ged to nmpl ligand, various anal ogs expressed in COS
cells were anal yzed by Western bl ot as 25 described in Exanple 6. FIG 12
shows that the nopiiidy of the anal.ogy decreases with increasing
nunber s of added N-1inked gI ycosyl ation sites. Analogs with 4 new
sites are shown, A9 %@% SEAEEEIGR LiSpiPYn cec aac Mk .
sites had the Sl etuyLeu § 554 x; G'lﬁ Gly ggp% el(l\éeaA gﬁf *
1-174 and1199formslg@,f 1 gand. 200 hi s indicegdees that at |east 4
anal ogs can be conbi ned toget her resul ting in new analogs with

multiple N|iBkedseT cTG CTGaAASODARNIAGC eTAChAGR FCC CTG GBS CAA ATC W GEA2HMO8 773
PCT/ US96/ 02492 'Gly Leu Ae83F4B Gln Thr Ser Arg Ser Leu §gp Gln Ile Pro Gly Tyr

EXAVPLE 16 210 Corrpari son. o1& ycosyl ation SP®s Contai ni ng AP X- Ser
vs. Asn-X-Thr 1 BEAG 605 264000 B ki

) C AGG C
ei t her 1/dsn§5§ 4tq %&u%&rse e g Tﬁf‘lﬁrgrtﬁA 3 Sﬁ 52

natural ly occurring am no aC| s @ngpt Pro. W ghed to e gfdn ne

whet her Ser or Thr is preferred in the th|rd 10 position. Therefore, two
sets of anal ogs WGANCEATHASIHC AGG ACC (At @FMIGAG GLGNBAC IATDAINE GCAY GGBYAGH | on 869
anal og cont ai ni ngEly Pro SertArgr Azg Tbr v Gl Adp Rueelsthilld %ﬁé’sﬁ?# &YiTha he
sequon. ere examined t& see if there vi@d an effect on Bércent

Y O e '&xﬁ;%g adlgepsyle Séd G8c M5 Lar cs‘canm
Asn-X-Thr sites tg,_l._zngéé ﬁ% psh tA! 923 o the °
sanme positions. In a simj rsar v nannerzabléksncrber?t ai ns anzfsn- X:%éer jvvhl l e

N38 cont ai ns2an .
' ’ TCC CCA ACC CAT CCT CCT ACT GGA CAG TAT ACG CTC TTC CCT CTT CCA 965
Ser Pro Thr His Pro Pro Thr Gly Gln Tyr Thr Leu Phe Pro Leu Pro

275 280 285

25 CCC ACC TTG CCC ACC CCT GTG GTC CAG CTC CAC CCC CTG CTT CCT GAC 1013
' Pro Thr Leu Pro Thr Pro Val Val Gln Leu His Pro Leu Leu Pro Asp
290 295 300 305

CCT TCT GCT CCA ACG CCC ACC CCT ACC AGC CCT CTT CTA AAC ACA 'TCC 1061
30 Pro Ser Ala Pro Thr Pro Thr Pro Thr Ser Pro Leu Leu Asn Thr Ser
310 315 320

TAC ACC CAC TCC CAG AAT CTG TCT CAG GAA GGG TAAGGTTCTC AGACACTGCC 1114
Tyr Thr His Ser Gln Asn Leu Ser Gln Glu Gly
35 325 330

GACATCAGCA TTGTCTCGTG TACAGCTCCC TTCCCTGCAG GGCGCCCCTG GGAGACAACT 1174
GGACAAGATT TCCTACTTTC TCCTGAAACC CAAAGCCCTG GTAAAAGGGA TACACAGGAC 1234
*0 TGAAAAGGGA ATCATTTTTC .ACTGTACATT ATAMACCTTC AGAAGCTATT TTTTTAAGCT 1294
ATCAGCAATA CTCATCAGAG CAGCTAGCTC TTTGGTCTAT TTTCTGCA 1342

45
{2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 353 amino acids
S0 (B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein

55 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:



Asn- X- Thr at the sane position. To conpare these two sets
of anal ogswoldgP¥ses 20 were expressed in COS cells and the semwessend249pl

| i gand was subjected to Western anal ysis as described in

Example 6. FIG 13 shows the results. N15 had a significantly

i ncreased proportjai-ef glycosylated npl ligand as conpared to N29.
In contrast, there was very 25 little dlfFerence i n the proportion of

glycosylated ang ungl ycosyl ated npl |igand when N30 and N38 were
conpared. These rM%E::%lRISLé\f q?\ga%l%d}ag@g‘ EOIE 6?1{1 Vxlg?ett Leu r%.egalfeua'?ﬁglzil%-srh; or

can be introduced,h
N-1i nked carbohydrate 30 addltlon [n addition, in sone cases the

Asn- X- Thr 5  AReLEANTHREALehesdir eézerpli-echl(al Pfo ,PrbtAm&ysb@xsﬂQ‘Ié@L Arg Val

efficiently glyco§ylated) Wsi |l e the inventian has been
described in what IS con5|dered to be its preferred enbodi ments, it

i s not t o LB ?‘*lrn{'lt’%d‘e‘t‘(f‘et“hér%l“%l?ﬁeﬁl%g@ dieveltis Seprdofey er

WD 96/ 25498 4, PCT/ US96/ 02

A-337B Gln Cys Prg c®d va1 mis pro fe%n{’Ed?";r'Xr ﬂ Qfﬂ %Pégel.%ut B QAYET
various nodifications andsg equi val ggts 1 ncluded w the sprrit and
scope of the appended cl ai ns, which scope is to be accorded the

br oadest i nter pr #ahtAsgnPlvo Sas Leg @lm@hpm Byd Thuciin MetSGlumainf Tieattyens and
equi val ents.15 We5 96/ 25498 50 55

PCT/ US96/ 02492 Ala Gln Asp Ile Leu Gly Ala Val Thr Leu Leu Leu Glu Gly Val Met

60 65 70 ’ 75
20~ Ala Ala Afg Gly Gln Leu Gly Pro Thr Cys Leu Ser Ser Leu Leu Gly
80 85 g0
Gln Leu Ser Gly Gln Val Arg Leu Leu Leu Gly Ala Leu Gln Ser Leu
95 100 105
25
Leu Gly Thr Gln Leu Pro Pro Gln Gly Arg Thr Thr Ala His Lys Asp
110 115 120
Pro Asn Ala Ile Phe Leu Ser Phe Gln His Leu Leu Arg Gly Lys Val
30 125 130 135
Arg Phe Leu Met Leu Val Gly Gly Ser Thr Leu Cys Val Arg Arg Ala
140 145 150 155
35 Pro Pro Thr Thr Ala Val Pro Ser Arg Thr Ser Leu Val Leu Thr Leu
160 165 170
Asn Glu Leu Pro Asn Arg Thr Ser Gly Leu Leu Glu Thr Asn Phe Thr
175 180 ' : 185
40 .
Ala Ser Ala Arg Thr Thr Gly Ser Gly Leu Leu Lys Trp Gln Gln Gly
190 195 200
Phe Arg Ala Lys Ile Pro Gly Leu Leu Asn Gln Thr Ser Arg Ser Leu
45 205 210 215

Asp Gln Ile Pro Gly Tyr Leu Asn Arg Ile His Glu Leu Leu Asn Gly
220 225 230 235

50 Thr Arg Gly Leu Phe Pro Gly Pro Ser Arg Arg Thr Leu Gly Ala Pro
2490 . 245 250

Asp Ile Ser Ser Gly Thr Ser Asp Thr Gly Ser Leu Pro Pro Asn Leu
255 260 265
55
Gln Pro Gly Tyr Ser Pro Ser Pro Thr His Pro Pro Thr Gly Gln Tyr
270 275 280



P

A-337B - 62
SEQUENCE g\ﬁ%&,&lﬁ (1) GENERAL | NFORMATI ON: 5 PCT/US96/02492
(i) APPLI Piott, steven - (ii) TITLE OF I NVENTI ON:
MPL LI GAND ANALOGS 10 (iii) NUMBER OF SEQUENCES: 56
(iv) CORRESPONDENCH SS: _ &6 (A) ADDRESSEE: AMGEN | NC.
(B) STREET: 1840 avilland Drive 15 - (© dATY:. Thousand
Oaks (D) STATE: CA (E) COUNTRY:
USA " Thr Leu Ph¢ [Brozhqm Pog F29. Tpgdeu PrpQThr Pro ValyYalOGVRUREER
READABLE FORM 285 (A¥*QED UM TYPE: FI 3Py di sk
(B) COVPUTER: | BM.PC, conpat.i bl | ERATI NG SYSTEM
PC- DOS/ M5- DOSs “f;gcm £ ret Fro AED)PEETWARE: P rﬁa§hr( tg%%cﬁéﬁéﬁ%ggﬁgg
Version 25 #1. 30 (vi) CURRENT APPLI CATI ON
DATA: Pro Leu Leu (38h TP LATCMNEVBERr Gln Asn Leu Ser Gln Giu (B)
FILING DATE: 30 32G) CLASSI FI CATI GRb (2) 330
| NFORMATI ON féR SEQ I D NO 1: 35 (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 1%42 ®¥se pairs (B) TYPE: nucleic acid
(C) STRANDEDNESS: single (D TOPOLOGY: |inear 40
(i) MOLECULE TYREj £f0RvarIon For SEQ ID NO:3:

15 (i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 600 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
20~
(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
25 (A) NAME/KEY: CDS
(B) LOCATION: 12..596

(ix) FEATURE:
(A) NAME/KEY: sig_peptide
30 {(B) LOCATION: 12..74

{ix) FEATURE:
(A) NAME/KEY: mat_peptide
{(B) LOCATION: 75..96

35

{xi) SEQUENCE DESCRfPTION: SEQ ID NO:3:

TCTAGACCAC C ATG GAG CTG ACT GAA TTG CTC CTC GTG GTC ATG CTT CTC 50
40 Met Glu Leu Thr Glu Leu Leu Leu Val Val Met Leu Leu
-21 -20 -15 -10

CTA ACT GCA AGG CTA ACG CTG TCC AGC CCG. GCT CCT CCT GCT TGT GAC 98
Leu Thr Ala Arg Leu Thr Leu Ser Ser Pro Ala Pro Pro Ala Cys Asp
45 5 1 S

CTC CGA GTC CTC AGT AAA CTG CTT CGT GAC TCC CAC GTC CTT CAC AGC 146
Leu Arg Val Leu Ser Lys Leu Leu Arg Asp Ser His Val Leu His Ser
10 15 20
50
AGA CTG AGC CAG TGC CCA GAG GTT CAC CCT TTG CCT ACA CCT GTC CTG 194
Arg Leu Ser Gln Cys Pro Glu Val His Pro Leu Pro Thr Pro Val Leu
25 30 35 40

55 CTG CCT GCT GTG GAC TTT AGC TTG GGA GAA TGG AAA ACC CAG ATG GAG 242
Leu Pro Ala Val Asp Phe Ser Leu Gly Glu Trp Lys Thr Gln Met Glu
45 50 55



s

(i x) FEATURE:

45 (A) NAVE/ KEY: CDS - (B

LOCATI ON: wa§ 96/34498" (i x) FEATURE: Pcrmssﬁlozgsz)
NAVE/ KEY: si g_peptide 50 (B) LOCATION: 1..098

(1 x) FEATURE: (A) NAME/ KEY: ‘mat _pepti de

(B) LOCATION: 99..1094 55 (xi) SEQUENCE DESCRI PTION: SEQ ID
NO 1: WO 36/325498 - 67 -

PCT/ US96/ 02492
53

5
GIC ATG CTT CTC
Leu Leu Val \al
-10

GCT TGI GAC CTC
Ala Pro Pro Al a
5 .

Val Leu Hi s Ser

29
GIG GAC TTT AGC

20

25

30

35

40

45

50

55

10
AGC AGA CTG AGC CAG T

A-337B - 63 -

CAGGGAGCCA CGCCAGRIEAA- CACAQROGGE
Glu Thr Lys Ala Gln gﬁ:ﬁ% %ﬁ%ﬁg&% ﬁq%p g_il.% u Leu 20

CTA ACT GCA A(XB CTA ACG CTG TCX: A(B: 101
GEd GMSUAT@ FCACHFATREG ABA QRAQCT® GGANICCLACT 3e¢ Ber TCA TCC 15 338
Gly Val Met Ala Ala Arg Gly Gln Lgu GlyqRyo Thr Cys qgggsqyjﬁengr CCT

CGA GTC CT& AGT AAA CTG CT¥® cGT Pro

e L&\ Calr ST Vadr LeK igr et & CS& %Eg G 386

Leu u Gly Gln Leu Ser Gly val A Leu §;§g igréTgﬂ“r CA
Go GAG GIT CA&3 197 100 Ser Hi s

Arg Leu Ser A n Cys Pro Au Val H's 20

CAG AGRQCTC CTT GGA BITTCAY CTCCICTACAA T8¢ GFCAGT BCTEACCITCCT 434
$11533€w@eu Leu GlyoHhy Gln Leu Pro Pro Gla Gly Arg Thr Thr Ala
110 115 120

CAC AAG GAT CCC AAT GCC ATC TTC CTG AGC TTC CAA CAC CTG CTC CGA 482
His Lys Asp Pro Asn Ala Ile Phe Leu Ser Phe Gln His Leu Leu Arg
T 125 130 135

GGA AAG GTG CGT TTC CTG ATG CTT GTA GGA GGG TCC ACC CTC TGC GTC 530
Gly Lys Val Arg Phe Leu Met Leu Val Gly Gly Ser Thr Leu Cys Val
140 . 145 150

AGG CGG GCC CCA CCC ACC ACA GCT GTC CCC AGC AGA ACC TCT CTA GTC 578
Arg Arg Ala Pro Pro Thr Thr Ala Val Pro Ser Arg Thr Ser Leu Val
155 160 165

CTC ACA CTG AAC GAG CTC TAGG 600
Leu Thr Leu Asn Glu Leu .
170
(2) INFORMATION FOR SEQ ID.NO:4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 195 amino acids
{B) TYPE: amino acid
{D) TOPOLOGY: linear
(1i) MOLECULE TYPE:_protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Met Glu Leu Thr Glu Leu Leu Leu Val Val Met Leu Leu Leu Thr Ala
-21 -20 -15 _ -10

Arg Leu Thr Leu Ser Ser Pro Ala Pro Pro Ala Cys Asp Leu Arg Val
) 1 5 10

Leu Ser Lys Leu Leu Arg Asp Ser His Val Leu His Ser Arg Leu Ser
15 20 25

Gln Cys Pro Glu Val His Pro Leu Pro Thr Pro Val Leu Leu Pro Ala
30 35 40

Val Asp Phe Ser Leu Gly Glu Trp Lys Thr Gln Met Glu Glu Thr Lys
45 50 55



"
20- Pro Leu Pro Thr Pro Val Leu Leu Pro Ala Val Asp Phe Ser Leu Gy

35 45 GAATGGA@@. gﬁ;, ATG
GAG GAG Acé"%m CAG GAC ATT CTG GGA 293

Thr An Mt Gu Gu Thr Lys Ala @n Asp Ile Leu Ay 25

55 60 65 GCAGTG ACC CTT CIG
CTG GAG GGA GIG AAG3®7A GCA CGG GGA CAA CTeo 68 - 341 Ala Val Thr
Leu Leu Leu u Jy Val Met Ala Ala Arg Gy dn Leu

70 75 80 30 GGA CCC ACT TGC

CTC TCA TCC CTC CAa @86 £ACI (T Ll @iyChifs GAG BECLeu Leu Leuwd8Bu Gly val Mgi y Pro
Thr Cys Leu Ser Seso Leu Leu Gy @ nmedeu Ser Ay A n7val

85 95 35 CGT CTC CTC CTTGGG
GCC CTG CAG AGC CGFl» @rar ARGACICELEAGUCTH Y BEF Thr Cys Leu/B7 Ser Leu Lefy %lsteu
Leu Leu Ay Ala Leu A n Ser Leu Lef®d@y Thr @ n Lel%Pro 0

100 ' CA ACC
ACA GCT CAC AAG GF R AT AT ATe e irvs Glﬁig%%gl%%"%] ay
Arg Thr Thr Alca H's Lys Asp Pro Asn Ala Il e Phe Leu

120 Leu G125Thr Gln Leu BAGCrdol GlAAAYCALy GTRE 'IGEQ%AJ.E:‘G&SA&@ GIG
CGT TTC CTG ATG CIT GIA 110 533 115 Ser Phe G n H28 Leu Leu Arg Ay
Lys Val Arg Phe Leu Met Leu 135

140 G{%B‘la 11€ene IGBAS?@@‘?&%“A&? &re TSréINEEsCis Gee
CCACCCACCA&AGCT 581 Ay Ay Sef>Thr Leu Cys Val Arg
Arg Ala Pro Pro Thyg -EHE '%luaMé@lLeu Val Gly Gly Ser Thr Leu Gys Val xr{ Arg Ala

155 140 160 145 COC AGC AGA AGE TCT CTA GIC (I43 ACA
CTG AAC GAG CTG CCA AAC AGG 629 Pro Ser Arg Thr Ser Leu Val
Leu Thr Leu Z¥nh PFrxp Poo TroThsAlad\(f@l. Pro Ser Arg Thr Ser Leu Val]|§8u Thr Leu

170 175 55 1 TCT GGA TTGIFFG GAG ACA AAC FT€ ACT
GCC TCA GCC AGA CT égl' 677 Thr Ser Ay Leu Leu Qu Thr
Asn Phe Thr Ala S&F" A3 ﬁrg Thr Thr - 180

185 25 190 WD 96/ 25498

PCT/ US96/ 02492 (2) INFORMATION FOR SEQ ID NO:S:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs
30 _ {B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPQLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
35 {A) DESCRIPTION: /desc = "nucleic acid* _

40 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
CCCATGTCAA TCACAGCAGA CT

(2) INFORMATION FOR SEQ ID NO:6:
-45
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
50 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = *"nucleic acid”

35

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

22



A- 337B
CAG CAG
Lys Trp
200
GAC
Ser
220
ACT
Asn
235
GAC
Al a
250
CAG CCT
Asn Leu
270 20
CIT CCA
Phe Pro
25
1013
Asp
305
TCC
Asn Thr
320

CAA
Leu

CGT
Ay

ATT
Pro

AGACACTGCC

325

TTCCCTGCAG GGECGECCCCTG
TCCTGAAACC @SAGCCCTG GTAAAACEHENGTACA
ATCATTTTTC ACTGTACATT ATAAABCTREEAGAREEIAREIITTTTAAGCT

single

- 64 -

G GCC AAG ATT CCT
an g]';%" y Phe Arg Ala Lys Ile Pro
205 5 GGTr CIG CT

ATC CCC GGA TAC 773

Asp G n 1A83B dy Tyr 210
225
GGA CTC TTT CCT 821
Thr Arg GWCIL@@CPh@CPGESCCA GT
GGA CCC. T

TCC TCA G&A ;Q@RRMATION FQR§EQ ID NO:7:

Asp Ife Ser Ser )%%UH?EE “;Q%
{A) LENG

CGA TAT TCT CCT (B) nucle:.c a

Gn Pro Ay Tyr Ser(cIPrSDmANDEnNEss
10

10

965
Leu Pro

Ser Pro Thr H s

(ii) MOLECULES,

1&£ro Thr Leu Pro Thr Pro Val Va

290 295

single

TCC CCA ACG) CriroCY -CCinCT GGA CAG TAT ACG CTC TTC CCT

TYPE: other nucleic

CCC ACC TTG ccC Acc ccf) CFRECBRITENs Crec ¢

, GEC TCT GGG CTIT CTG AAG TGG
725 . d 3{9?@&/@9&10#921 Leu

G AAC CAA ACC TCC AGG TCC CTG
Ay Leu Leu Asn A n Thr Ser Arg
69 - 215

CTG AAC AGG ATA CAC GAA CTC TTG AAT GEA

Leu Asn Arg Ile H's GQu Leu Leu
230

CA CGC AGG ACC CTA GGA GCC CCG

‘dy Pro Ser Arg Arg Thr Leu Ay

agﬁCTCCCTGCCACCCAACCTC
gr Asp Thr Ay Ser Leu Pro Pro
260 265
Pro Pro Thr Ay G n Tyr Thr Leu
jd 285
CACTBHEIETRS G T cCcT GAC

| dn Leu Hs Pro Leu Leu Pro

300

CCT TCT GCT CCA ACG CCC ACC CCT ACC AGC CCT CTT CTA AAC ACA

1061
Ser

1114, %BRMATI& "roR %ﬁ@@

(C) STRANDEDNESS:

30 (x1)PrseQSNCEAPESARIDTIRN: $EP IDhwo:Peo Thr

GORET carAbTERISTICS !
6 AL Cpairsl 234

Ser
315

Pro Leu Leu

310
29rAcCA€X§%A%9 TEACEASCRAHTTETG TCT CAG GAA GGG TAAGGTTCTC
r,.,dn Asn Leu Ser

Gn du dy
TTGICTCGTG TACAGCTCCC
GGACAAGATT TCCTACTTTC
40

1294

(D) TOPOLOGY: linear

"nucleic acid-

pairs

ngle

"nucleic acid"®

30 {(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc
35 .
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
GCCTACAAAT GTCACGCTGC CTGCT
40 {2) INFORMATION FOR SEQ ID NO:9:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base
{B) TYPE: nucleic acid
45 (C) STRANDEDNESS: si
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid
{A) DESCRIPTION: /desc
50
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
5%

CCCACTTGTA ACTCATCCCT C

(2) INFORMATION FOR SEQ ID NO:10:

35

TGAAAAGGGA

22

24

25



-

ATCAGCAATA CTCATCAGAG CAGCTAGCTC TTTGGICT. AT TTTCTGCA

45 FORMATI ON FOR SEQ | D NO 2
CHARACTER“@H%E?ﬁg
(B) TYPE: am no acid

(D) TOPOLOGY:

_ 1342
PCTAUSY6/6363 JENCE
(A) LENGTH: 353 ami no aci ds 50

i near

(i1) MOLECULE TYPE: protein 55 (xi) SEQUENCE DESCRI PTI ON: SEQ
| D NG 2: WA-36/785498 - 70 -
PCT/ US96/ 02492 A- 337B - 65 -
Met Gu Leu Thr Qu Leu Leu Leu Val Val Met Leu Leu Leu Thr Ala -21
- 20 - X9) SZQUENCE CHARACTERISTIOS: 5 Arg Leu Thr Leu Ser
Ser Pro Ala Pro Pro Al a CySaASKENGEH: Adgbaéel pairs 5 1
5 10 (B) TYPEenu8deid psideu Leu Arg Asp Ser His Val Leu
His Ser Arg L®u Ser (C) STRANDEDNESS: singlp 20
25 10 Gn Oys PrdPQTPPORISH: %“PPS Leu Pro Thr Pro Val Leu Leu Pro
Al a 3%01.3 LE YPE th d 40
Val .Asp Phe Ser Leu &l) Ua)Toks yﬁ,ﬁ ° dgsiﬁc fﬁeg;cuhc{gr. Lys 15
45 10 Gn Asp lle Leu Ay
Ala Val Thr Leu Leu Leu Gu dy Vval th 60 65
70 75 20- Ala Ala Arg Ay @n Leu Ay Pro Thr Cys Leu
Ser Ser Leu Leu Ay . 80 85
90 15 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
CAACTGAACG CCACTTGTCT CTCA 24
(2) INFORMATION FOR SEQ ID NO:11:
200 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
* (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
25 _
{ii) MOLECULE TYPE: other nucleic acid
{(A) DESCRIPTION: /desc = "nucleic acid*
30
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
ACTTGTCTCA ACTCCACCCT GGGGGA 26
35
(2) INFORMATION FOR SEQ ID NO:12:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
40 {B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid
45 (A) DESCRIPTION: /desc = "nucleic acid®
50 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
CTCCTGGGGA ACCTTTCTGG A ' 21
(2) INFORMATION FOR SEQ ID NO:13:
55

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
{(B) TYPE: nucleic acid



Adn Leu
95

Pro Pro
115

Leu Leu
135

140 .
Pro Pro
160

Arg Thr
180

Leu Leu
200

45

Pro Gy
225

Pro Gy
245

Ser Leu
265 55
Tyr

96/ 25498

Ser Ay Gn Val Arg Leu Leu Leu Ay Ala Leu Gn Ser Leu

00 105 25 Leu GpetatyosiazLeu
G“r’mo'c’a"fzs"&?lg Thr Thr Ala Hs Lys Asp 110
120 Pro Asn Ala Ile Phe Leu Ser Phe G n His
Arg Gy Lys Vval 30 125 130
Arg BrRé3au Met Leu Val Gy G-y7%er Thr Leu Cys Val Arg Arg Ala
. 145 150 155 35
Thr Thr Ala Val PrqcPesrriiiBeoNiss S&linkel Val Leu Thr Leu
165 (D) TOPOLOGY: lineatO Asn G u Leu Pro Asn
Ser Ay Leu Leu Qu Thr Asn Phe Thr 175
(185 MOLEQULE TYPE: @fherSeucldia arig Thr Thr Ay Ser Ay
Lys T#p G n A n Q yA) DESCRIPTION:. /desc]9(nucleic acid" 195
Phe Arg Ala Lys Ile Pro Ay Leu Leu Asn A n Thr Ser Arg Ser Leu
205 ) 210 215 Asp Gn lle
Tyr Leu Asn Arg Ile Hi's Qu Leu Leu Asn Ay 220
10 (#80 SEQUENCE DESCRIPTIONZ3%EQ 1paf:13dhr Arg Gy Leu Phe
Pro Ser Arg Arg Thr Leu Ay Ala Pro 240

GACCACABAT CACACCGATAJICARTe Ser Ser Gy Thr Ser Asp Thr Gy 25

Pro Pro Asn Leu 255 260
& h PFEREGTFONRORSERQ BPNBAL:Pro Thr His Pro Pro Thr Ay dn
15 7 280 WO
%1P SEQUENCE CHARACTERIé%ZéS: / /
(A) LENGTH: 32 base pairs PCT/ US96/ 02492
_ (B) TYPE: nucleic acid
- {C) STRANDEDNESS: single
20 (D) TOPOLOGY: linear
{ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "nucleic acid"
25
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
30 ACCCTTTGTC TACAAATGTC ACGCTGCCTG CT . 32

{2) INFORMATION FOR SEQ ID NO:15:

{i) SEQUENCE CHARACTERISTICS:
35 {A} LENGTH: 25 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D}) TOPOLOGY: linear

40 (ii) MOLECULE TYPE: other nucleic acid
(A} DESCRIPTION: /desc = "nucleic acid"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:
45
TCTCTCAAAC CTCACGGGGG AGCTT 25

(2) INFORMATION FOR SEQ ID NO:16:

50 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
55 :
(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "nucleic acid’



—

A-337B - 66 - Thr Leu Phe Pro Leu Pro Pro

Thr Leu Proobhksigo Val Val dn Leu 285 PCT/US96/0249290
295 H's Pro Leu Leu Pro Asp Pro Ser Ala Pro Thr Pro Thr Pro Thr
Ser 5 300 305 310

315 Pro Leu Leu Asn Thr Ser Tyr Thr His Ser G n Asn Leu Ser G n
Au A-337B 320 - 72 - 325 330
10 Ay « (2) I NFORVATI ON FOR SEQ I D NO 3: 15 (1)
SEQUENCE CHARACTERI STI CS: (A) LENGTH: 600 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D) TOPOLOGY: Ili near 20 (i1) MOLECULE TYPE: cDNA

(1x) FEATURE 25  (xi) SEQUENCE DESCRYPRIRNE/ KEQy-IDOMS 16: (B)
LOCATI ON:  12.259 i x). FEATURE: (A

NAVE/ KEY: sig_ pe%FGWT%o‘GACGGAGgA dac (B) LOCATION: 12..74 23
(ix) FEATURE:  (3) rromMarzon For skdVroNgESKEY: mat-peptide

(B) LOCATION: 75.. 396 35 (x1) SEQUENCE DESCRI PTI ON: SEQ | D
NO 3: 10 TCTAGACGEAGHQUANIR CAGRMCTERISTICEAA TTG CTC CTC GIG GIC ATG CTT
CTC 50 40 (A) LENGTRAERS(hase pairEhr Q u Leu Leu Leu Val Val
Met Leu Leu {B) TYPE: xpucleic acid -15

-10 CTA ACT GCA ACHE CGERAIES FERIIGEC CCG GCT CCT CCT GCT TGT
GAC 1958 D) TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "nucleic acid”

20
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

TGGAGGAGAA CAAGACACAG GACAT 25
25
(2) INFORMATION FOR SEQ ID NO:18:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 base pairs
30 {B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid

35 (A) DESCRIPTION: /desc = "nucleic acid"
40 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:
CCCTCTAGAC CACCATGGAA CTGACTGAAT TGCTCCTC ' 38
(2)- INFORMATION FOR SEQ ID NO:19:
45
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
50 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid
{A) DESCRIPTION: /desc = “nucleic acid"
55

{ix) FEATURE:
(A) NAME/KEY: -
{B) LOCATION: complement (1..28)



Leu Thr Ala Arg Leu Thr Leu Ser Ser Pro Ala Pro Pro Ala Cys Asp 45

5 1 5 CTC CGA GIC Grgnfsstinsnsd CTG
cTT oot AT TR Gre orT cac Acc 146 Leu Arg Val Leu Ser
Lys Leu Leu Arg Asp Ser H's Val Leu H's Ser : 10
15 20 50 - AGA CTG AGC CAG TGC CCA GAG GIT CAC cCcCT
TTG CCT ACA CCT GRe3adfa 194 ~A7§ keu Ser A n Cys Pro Au Val
His Pro Leu Pro. Jhr Pro Val Leu 25 _ 30
35 40 55 CTG CCT GCT GIG GAC TTT AGC TTG GGA GAA TGG
AAA ACC CAG ATG GAG - 242 . Leu Pro Ala Val Asp Phe Ser Leu Gy
A u Trp Lys Thr G n MéxiXJSEQUENCE DESCRIPTION: SEQ ID NO:19: 45
50 55 WO 96/ 25498
PCT/ US96/ 024925  GTGTGACTTG CTCGAGASTC AGCTGCCC : - 67 -

GAG ACC AAG GCA Ogsét G,ACC CTT CTG CTG GAG 290
G u Thr Lys Al a Ccﬁr% A@?&oﬁ%x@uﬁ y ﬁ;g @]goThr Leu Leu Leu Qu

60 65 (i) SEQUENCE CHARACTEREbTICS: 5  GGA GIG ATG GCA GCA CGG
GGA CAA CTG @3 CCC ACT TGC (ETC.ENGPHTRE base pair338 dy Val Met Ala
Ala Arg Ay G@n Leu Ay Pro (FhrTYegs rdusdeBeracsdr 75

80 85 (C) STRANDRONESEGSLEME CTT TCT GGA CAG GIC CGT CTC
CTC CTT GGG GCC CTG 38k TOPORRFY: LiAfefey Ay G n Leu Ser Gy G n Val
Arg Leu Leu L Gy A a; L ] 9 . : 95

00 BT (G s e casrepibelele deid ope gac AR Acs Aca

- CCT 434 G@n Ser Leu Leu Ay Thr @n Leu Pro Pro Adn dy Arg
Thr Thr Al a 15 105 - 110 115
120 CAC AAG G} EEEFYRET GCC ATC TTC CTG AGC TTC CAA CAC CTG CTC
CGA 480 Hi s Iig’s WE”‘FErYG Asn _Ala Ile Phe Leu Ser Phe @ n His
Leu Leu Arg 125 {8) LOC TION1360mplemenc (1..29) 135 .

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:

25
- GAAGACCTAA CAACCTCACT CAGCTGCCC
(2) INFORMATION FOR SEQ ID NO:21:
30 (i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
35
(1i) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "nucleic acid"
40 (ix)} FEATURE:
(A) NAME/KEY: -
{B) LOCATION: complement (1..29)
45 - (xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:
AGTGACGGAG TCGGTCTATT CAGCTGCCC
-(2) INFORMATION FOR SEQ ID NO:22:
50
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
55 (D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: other nucleic acid .
(A) DESCRIPTION: /desc = "nucleic acid"

28

29

28



P

20 GGA AAG GIG CGT TTC CTG ATG CTT GTA GGA GGG TCC ACC CTC TGC GIC
530 Woggﬁ(@lsys.Val Arg Phe Leu Met Leu Val Ay Ay Serpdibusdsaas®dys Val
140 145 150 25 AGG CGG GCC CCA CCC ACC
ACA GCT GTIC CCC AGC AGA ACC TCT CTA GIC 578 Arg Arg Ala Pro
Pro Thr Thr Ala Val Pro Ser Arg Thr Ser Leu Val 155

160 A-33786 CTC ACA ETG4AAC GAG CTC TAGG

600 30 Leu Thr Leu Asn Gu Leu : 170 (2)

| NFORVATI ON FOR SEQ | D NG 4: 35 (1) SEQUENCE

CHARACTERI STI CS: (A) LENGTH 195 ami no acids

(B) TYPE: am no acid . (D) TOPOLOGY: i near 40

(ii) MOLECULE_TYPE: protein Xi ) SEQUENCE DESCRI PTI ON: SEQ

| D NO 4: 4 Met (&L SEQYENRS °€§%IEHPNEeﬁEQ(_éB)NPd|22Val Met Leu Leu Leu

Thr Al a =4da é:%QT 5 -10
T ACAGCAGCCT GAGCCA
Arg Leu Thr  Leu §er er }IBro i\?a Bro ro a Cys Asp Leu Arg Val 5 29
1 _ 32) INFORMATION FOR SEQ D wo:2Q: Leu Ser Lys Leu Leu Arg
Asp Ser His Mal Leu H's Ser Arg Leu Ser ' 15
20 281) SEQUENCE CHMUACFERFTICE u Val His Pro Leu Pro Thr Pro
Val Leu Leu Pro Ala 55 Eg) LEI;‘GT‘*’ 2?.3_@“9 pairs 35
1 1
jg Val Asp gge Ser(c;_eg]éaﬁrgg‘sgsgsﬁ'gqn&/es Thr Gn Mt Gu Gu Thr Lys
15 (D) TOPOLOGY: limddr
{ii} MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "nucleic acid®
20
{ix) FEATURE:
(A) NAME/KEY: -
{B) LOCATION: complement (1..29)
25 .
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:
GTGCAGGAAT TGTCGTCGGA CTCGGTCAC 29
30  (2) INFORMATION FOR SEQ ID NO:24:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
) {(B) TYPE: nucleic acid
35 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: other nucleic acid
{A) DESCRIPTION: /desc = "nucleic acid*
40
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:
45
CCCTTTGCCT AACGGTTCCC TGCTGCCTGC TGT 33
(2) INFORMATION FOR SEQ ID NO:2S:
50 (i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 33 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
55

(ii) MOLECULE TYPE: other nucleic acid
(A} DESCRIPTION: /desc = *nucleic acid"



~

WD 96/ 25498 PCT/ US96/ 02492
A- 337B - 68 - Ala G n Asp pdiudegnasby Al a
Val Thr LAOPEEP®EL Gu @y val Met 60 65

70 75 5 Ala Ala Arg Gy G@n Leu Ay Pro Thr Cys Leu
Ser Ser Leu Leu Gy 80 85

90 Gn Leu Ser Ay An Val Arg Leu Leu Leu Ay Al a Leu A@n Ser Leu
95 A-3178 10575 10 Leu Gy Thr Gn
Leu Pro Pro An Ay Arg Thr Thr Ala His Lys Asp ' 110

115 - 120 Pro Asn Ala Ile Phe Leu Ser Phe G n H's
Leu Leu Arg Ay Lys V) FENIYRE: 125 130

135 Arg Phe Leu I\/é‘b) MBMEAREY: Gy Ay Ser Thr Leu Cys VaI Arg Arg

Al a 40 (B) LOCATEON: complement (1..33) ) 150

155 20 ro Pro Thr Thr Ala Val.Pro Ser Arg Thr Ser Leu Val Leu Thr Leu
160 48y SEQUENCE pESCRIPTION: 680 1D No;25; ASN G u Leu 25
(2) | NFORVATI ON FOR SEQ I D NG 5: (1) SEQJENCE

CHARACTERI STI CS: GGGAAACGGA TTGCCAAGGG ACGAOBSRACEMGAH 22 base pairs 30 33
(B) TYPE: nd®leic acid (C) STRANDEDNESS: singl e

(D) TOPOLOGY: | i ffdafNFORMATION FOR SEQ( IR WOXE$ECULE TYPE: ot her nucleic acid

39 | (A <BE§%&EE%9&%%ST: -Jlucleic aci d”

(A} LENGTH: 31 base pairs

" 15 (B) TYPE: nucleic acid
(C} STRANDEDNESS: single
(D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: other nucleic acid
20 {A) DESCRIPTION: /desc = "nucleic acid"

25 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:
TGCCTACACC TAACCTGTCG CCTGCTGTGG A 31

(2) INFORMATION FOR SEQ ID NO:27:
30
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
35 {D) TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "nucleic acid"

40
: (ix) FEATURE:

(A) NAME/KEY: -
(B} LOCATION: complement (1..31)

45
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27:

ACGGATGTGG ATTGGACAGC GGACGACACC T 31
_ 50 {2} INFORMATION FOR SEQ ID NO:28:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
{(B) TYPE: nucleic acid
55 (C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid



40 (xi) SEQUENCE DESCRI PTION: SEQ I D NG 5: . CCCATGTCAA

TCACAGCA PCTA396/02492

(2) 1 NFO%%;W%? SEQ | D NO 6: 45 (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH: 22 base pairs

(B) TYPE: nucleic acid : ' (G STRANDEDNESS: single 50
(D TOPOLOGY: |i AedB7B - (ii) MELEGUEE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "nucleic acid" 55 (xi) SEQUENCE
DESCRI PTION: SEQ I D NO 6: (a) DESCNYP196K25%4R8c = "nucleic acid

PCT/ US96/ 02492 A-337B - 69 -

CTTCACAGCA ACCTGAGCCA GT 22
(2) | NFORMATI ON FOR SEQ I D NG 7: 5 (i) SEQUENCE

CHARACTER! STITCS: LEN 4_base pairs
(B) TYPE: nucl eic acit) SEQUENCE DESCRIP'I(f%lI %QgHWMEmESS si ngl e 10

(D) TOPOLOGY: i ag,@[MCCAA TATGTCGGAG p{cmcd@eEQULE TYPE: other nucleic acid 4
(A) DESCRI PTION: /desc = "nucleic acid"

10 (2) INFORMATION FOR SEQ ID NO:29:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
15 (C) STRANDEDNESS: single
) (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "nucleic acid"

20
(ix) FEATURE:
(A) NAME/KEY: -~
(B) LOCATION: complement (1..31)
25 '
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:
CCTTTTGGTT ATACAGCCTC TGGTTCCGTG T . 31
30

(2) INFORMATION FOR SEQ ID NO:30:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
35 {B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPQLOGY: linear

(ii} MOLECULE TYPE: other nucleic acid
40 (A) DESCRIPTION: /desc = "nucleic acigd*

45 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:
TGGGAGAATG GAACACCACG ATGGAGGAGA CC 32

(2) INFORMATION FOR SEQ ID NO:31:
50 '
(i) SEQUENCE CHARACTERISTICS: .
" (A) LENGTH: 32 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
55 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "nucleic acid"



15 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 7: 20

CAGTGCAACEHyHGée%308\CCC TTTG PCT/US96/02492 24
(2) I NFORVATI ON FOR SEQ I D hK)8 ' (1) SEQUENCE

CHARACTERI STI CS: 25 . (A) LENGTH. 25 base pairs

(B) TYPE: nucl ei ¢-agi7¢ - 76CL STRANDEDNESS: single

(D) TOPOLOGY: i near 30 (i1) MOLECULE TYPE: other nucleic acid
(A) DESCRI PTION: /desc = "nucleic acid" 35 . (xi) SEQUENCE
DESCRI PTI ON: SEQIDNOB GCCTACAAAT GTCACGCTGC CTGCT

25 40 (2) I NFORVAT] Gafeidz. SEQ I D NO 9: (i) SEQUENCE
CHARACTERI STI CS: (a) NaME/kEY: CA) LENGTH 21 base pairs

(B) TYPE: nucseic acid  45B) LOCATION: complefént STRANPEDNESS: single

(D TOPOLOGY: |inear (i) NCLECULE TYPE: other nucleic acid

(A) DESCRI PTI ON: /desc. = "nucl aci d"
DESCRI PTI ON:  SEQ I D Kist o - EQU%@E DESCRIPTT@&CA@PT@?A‘OA@CATCCCT

21 1¢) hMERMRL Dot RreE QalcbrdctOce 12

(2) INFORMATION FOR SEQ ID NO:32:

(xi) SEQUENCE

(i) SEQUENCE CHARACTERISTICS:
15 (A) LENGTH: 32 base pairs
' (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

20 ~ - (ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "nucleic acid*

25 :
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32:

AAAACCCAGA TGAACGAGAC GACCAAGGCA CA 32
30 (2) INFORMATION FOR SEQ ID NO:33:

. (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
35 (C) STRANDEDMESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "nucleic acid"

49
{ix) FEATURE:
(A) NAME/KEY: -
{B) LOCATION: complement (1l..32)
45
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33:
TTTTGGGTCT ACTTGCTCTG CTGGTTCCGT GT 32
50

(2) INFORMATION FOR SEQ ID NO:34:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 31 base pairs
55 {B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear



"

WD 96/ 25498 | PCT/ US96/ 02492

A- 337B WO 96/25498 - 70 - (i) SERCEKEIS/02492
CHARACTERI STI CS: (A) LENGTH 24 base pairs

(B) TYPE: nucleic acid 5 (C) STRANDEDNESS: single

(D) TOPOLOGY: |ingagsys ' (||) NCLEQpLE TYPE: ot her nucleic acid
(A) DESCRI PTION: /desc = "nucleic acid" (xi) SEQUENCE
DESCRI PTI ON: SEQ I D NQ CTTGICT CTCA

24 (2)Q| NFOR %?&?%@f,@z h qe“,z,g fCAmd.. (i) SEQUENCE
CHARACTERI STI CS: GTH 26 bad8 Bai r s

(B) TYPE: nucleic acid (O STRANDEDNESS singl e

(D) TOPOLOGY: 9 i near 25 (ii) MOLECULE TYPE: other nucleic
acid (A) DESCRI PTION: /desc = "nucleic acid" 30
(xi) SEQUENCE DESCRI PHiONSEQUERSE DERERIPTION: SEQ ID NAGHFGTCTCA ACTCCACCCT
ceecee 26

CCCAGATGGA GAACACCTCG GCACAGGACA T
10
(2) INFORMATION FOR SEQ ID NO:35:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
15 {B) TYPE: nucleic acid
{C} STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
20~ - (A) DESCRIPTION: /desc = "nucleic acid"

{ix)} FEATURE:
{A) NAME/KEY: -
25 (B) LOCATION: complement (l1..31)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35:
30 GGGTCTACCT CTTGTGGAGC CGTGTCCTGT A
{2) INFORMATION FOR SEQ ID NO:36:
(i) SEQUENCE CHARACTERISTICS:
35 {A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

40 - (ii) MOLECULE TYPE: other nucleic acid
(A} DESCRIPTION: /desc = "nucleic acid’

45
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36:

CACGGGGACA AAACGGAACC ACTTGCCTCT CA
S0  (2) INFORMATION FOR SEQ ID NO:37:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
~ (B) TYPE: nucleic acid
55 {C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: other nucleic acid

31

31

32



-

35 | (2) | NFORMATI ON FOR SEQ I D NO 12: (i) SEQUENCE
CHARACT ERW®Td6138498 ' (A) LENGTH:. 21 base paP¢HUS9643492
(B) TYPE: nucleic acid . (C) STRANDEDNESS: single
(D TOPOLOGY: |inear ' (ii) MOLECULE TYPE: other nucleic acid
45 N DESCRI PTI ON: /desc = “gucleic acid" 50
(xi) SEQUENCE DEétﬁl'ﬁ ON: SEQ I D NO 12: CTCCTGGGEGA ACCTTTCTGG A
21 (2) I NFORVATI ON FOR SEQ | D NO 13: 55 _ (i)
SEQUENCE CHARACTERI STI CS; fAR) DESCRIPTION: /desc 1 ApuclmNGTREidI5 base pairs
(B) TYPE: nucleic acid WD 96/ 25498
PCT/ US96/ 02492 (ix) FEATORE.B - - 71 -
(C) STRANDEDNESS: si ngfe (A) NAME/KEY: - (D TOPOLOGY: |inear
(ii) MOLECULE TYPE: other nu¢lsoaraon:dcomplehent (1..32) (A) DESCRI PTI ON:
/desc = "nucleic acid" . '
Lo (xi) SEQUENCE DESCRIPTION: SEQ ID NO:37:
GTGCCCCTGT TTTGCCTTGG TGAACGGAGA GT
(2) INFORMATION FOR SEQ ID NO:38:
15 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
20~
: (ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "nucleic acid"
25
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:38:
CAGGGCAGGA ACACATCTCA CAAGGATCCC A
30

(2) INFORMATION FOR SEQ ID NO:39:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
35 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D}) TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid

40 {A) DESCRIPTION: /desc = “"nucleic acid"
(ix) FEATURE:
(A) NAME/KEY: -
45 (B) LOCATION: complement (1..31)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39:
50 GTCCCGTCCT TGTGTAGAGT GTTCCTAGGG T
(2) INFORMATION FOR SEQ ID NO:40:

(i) SEQUENCE CHARACTERISTICS:
55 (A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

32

31

31



—

10 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 13: GACCACAAAT
CACACCGAT Gy69é4d198 PCIWUS96/02492

(2) I NFORVATI ON FOR SEQ I D NO 14: 15 ' (1) SEQUENCE
CHARACTERI STI CS: (A) LENGTH 32 base pairs

(B) TYPE: nucl ei g agcifh (C) STRANDEDNESS, singl e 20

(D) TOPOLOGY: i near (i) I\/D_ LE TYPE. other nucleic acid
(A) DESCRI PTI C]\l /[ desc = "nucl e| c acid" (xi) SEQUENCE

DESCRI PTI ON: SE ‘1r TTGT TACAAATGTC ACGCTGCCTG CT
32 |NFO§%A x? {_%% eic aci (i) SEQUENCE

CHARACTER! STI cs Erh ™5 Bss & Hhir s
(B) TYPE: nuckeic aC| d (C) STRANDEDNESS: single
(D TOPOLOGY: |inear 40 (ii) MOLECULE TYPE: other nucleic acid
(A) DESCRI PTION: /desc = "nucleic acid" (xi) SEQUENCE
DESCRI PTI ON:  SEQ | D N@&i )1 5EQUENGE DESCRIPTIF@FC-’!@AAO‘@F@ACCIII;G ACGCTT
25 - ( | NFORVATI ON F (i) SEQUENCE
CHARACTERI S %:s Sacthbehe haicetade AGG(‘%? %"éN&TH 23 base pairs 31
(B) TYPE: nucl ei ngctﬁomno}, FOR sEQ ID no:41(C) STRANDEDNESS: single
(D) TOPOLOGY: |inear
(i) SEQUENCE CHARACTERISTICS:
15 (A) LENGTH: 31 bhase pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

20~ - (ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "nucleic acid*

(ix) FEATURE:
25 {A) NAME/KEY: -
{B) LOCATION: complement (1..31)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:41:

30
CCCGTCCTGE TTGCGATCGT TCCTAGGGTT A _ 31
(2) INFORMATION FOR SEQ ID NO:42:
35 (1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D)}) TOPOLOGY: linear
40
(1i) MOLECULE TYPE: other nucleic acid
{(A) DESCRIPTION: /desc = *‘nucleic acid”
45
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42:
CAGTGCAACG AGTCCCACCC TTGG 24
50

(2) INFORMATION FOR SEQ ID NO:43:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
55 {B) TYPE: nucleic acid
(C}) STRANDEDNESS: single
(D) TOPOLOGY: linear



55 (ii) MOLECULE TYPE: other nucleic acid

(A) DESCRMIp6R8$498 desc = "nucl ei c aci d” WD 96/ 25498 PCT/US96/02492
PCT/ US96/ 02492 A-337B - 72 -

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 16: 5 TGGAAAAATC
AGACGGAGGA GAC 23

(2) | NFORMATI ON R 80 1D NO 17: 10 -~ 81 - (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH 25 base pairs

(B) TYPE: nucleic acf¥t) MOLECULE TYPE: other nuclejc STRANDEDNESS: single
(D) TOPOLOGY: linear 15 (A) DESCRIPTIONy i/Aesqy ugLlEiqWREd" ot her nucl eic

acid (A) DESCRI PTION: /desc = "nucleic acid" 20
(xi) SEQUENCE DESCRI P ONarak. | D NO 17: TGGAGGAGAA CAAGACACAG
GACAT (A) NAME/KREY: - 25 25 (2)
| NFORMATI ON 'FOR SEQ | D NO 1#): LOCATION: complementi J1 SEQJENCE CHARACTERI STI CS:
(A) LENGTH. 38 base pairs 30 (B) TYPE: nucleic acid

10 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:43:

GTCACGTTGC TCAGGGTGGG AAAC

(2) INFORMATION FOR SEQ ID NO:44:
15
) (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
20 - ’ (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
' (A) DESCRIPTION: /desc = "nucleic acid®

25
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:44:
30 GACCACAAAT CACTCCGATC CCAA
(2) INFORMATION FOR SEQ ID NO:45:
(i) SEQUENCE CHARACTERISTICS:
35 (A) LENGTH: 24 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D} TOPOLOGY: linear
40 (ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "nucleic acid"

(ix) FEATURE:
45 (A) NAME/KEY: -
{(B) LOCATION: complement (1..24)

- (xi) SEQUENCE DESCRIPTION: SEQ ID NO:45:
50

CTGGTGTTTA GTGAGGCTAG GGTT
{2} INFORMATION FOR SEQ ID NO:46:
55 (i) SEQUENCE CHARACTERISTICS:

(A} LENGTH: 27 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single

24

24

24



(C) STRANDEDNESS: singl e (D) TOPOLOGY: |i near

(ii) MOLEGMblbeR¥4sE: ot her nucleic acid 35 (BOT/USISIORPT| ON:
/desc = "nucleic acid" 40 (xi) SEQUENCE DESCRI PTION: SEQ I D
NG 18: CCCTCTAGAC CACCATGGAA CTGACTGAAT TGCTCCTC

38 (2) 1 NFORVATI ON FOR SEQ I D NO 19: 45 (1)
SEQUENCE CHARACTERISSFHCS: ' - 82 (A) LENGTH: 28 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single 50
(D TOPOLOGY: |inear _ 1 )ys CULE TYPE: other nucleic acid
(A) DESCRI PTION: /desc = "n{il gororokl] MR " (ix) FEATURE
(A) NAME/ KEY: - (ii) MOLECULE TYPE{ Brnd:O0Ad1M: acpl enent (1..28)

WO 96/ 25498 . (A) DESCRIPTION: /desc = "nucleic acid* PCT/US96/ 02492
A- 337B - 73

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:46:
10 :
GTCCCCACCA ACACCTCTCT AGTCCTC 27

(2) INFORMATION FOR SEQ ID NO:47:

15 {1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
5 - : (D) TOPOLOGY: linear
0
{ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "nucleic acid"

25 (ix) FEATURE:
(A) NAME/KEY: -
(B) LOCATION: complement (1..27)}

30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:47:
. CAGGGGTGGT TGTCGAGAGA TCAGGAG 27

35 (2) INFORMATION FOR SEQ ID NO:48:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
40 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
{A) DESCRIPTION: /desc = *"nucleic acid*

45
(ix) FEATURE:
(A) NAME/KEY: -
(B) LOCATION: complement (1..33})

50
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:48:

TGACCGAGAC CCGAAGACTT CACTCAGCTG CCC 33
S5 (2) INFORMATION FOR SEQ ID NO:49:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 31 base pairs



(xi) SEQUENCE DESCRI PTION. SEQ ID NG | 9: 5 GIGTGACTTG CTCGAGACTC

AGCTGCCC WO 96/25498 28 PCT/(S96/02492

I NFORVATI ON FOR SEQ | D NG 20: (1) SEQUENCE CHARACTERI STI CS:
10 (A LENGTH 29 base pairs (B) TYPE
nucl ei ¢ acid A-3 (C) STRANDEBNESS: single

(D) TOPOLOGY: i near 15 (i1) MOLECULE TYPE: other nucleic acid
(A) DESCRI PTI ON:, /desc = "n(RI BYRE:agueleic acid (1 x) FEATURE: 20
(A) NAME/ KEY: - (C) STRANDEPNBSSE GEABEEN: conpl enent (1..29)

(xi) SEQUENCE DESCRI PTI ON: SRGFPR9LREY 2@dineans GAAGACCTAA CAACCTCACT
CAGCTGCCC 29 (2)

| NFORMATI ON FOR SEQ | B NGBESULE THRE: other nucie: "’n%E%ENggi SHARACTER! STI CS:
(A) LENGTH: 29 base pairs . > nucleic acid

(C) STRANDEDNESS: single (E» TOPOLOGY: | i near 35
(i) NCLECULE TYPE: ot her nucleic acid (A) DESCRI PTI ON: -
/ desc =."nuclBic acid" FEATURE: (A
NANVE/ KEY: - (x1) SEQUENCE PEj CRE%E&;H OREQ A8 :dfent (1. . 29) 45
(xi) SEQUENCE DESORUPHQN miERAdANRBbocac o ASTGACGRAG TOGGTCTATT

15 (2) INFORMATION FOR SEQ ID NO:50:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
. (B) TYPE: nucleic acid
20 . {C) STRANDEDNESS: single
’ (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "nucleic acid®

25
(ix) FEATURE:
(A) NAME/KEY: -~
(B) LOCATION: complement (1..31)
30 .
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:50:
CTTTTGGGTC TTGCTCTGET GGTTCCGTGT C
35

(2) INFORMATION FOR SEQ ID NO:51:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
40 {B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid
45 (A) DESCRIPTION: /desc = "nucleic acid®

50 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:51:
CACCAAGGCA CAGGACATTC TGGGAG

(2) INFORMATION FOR SEQ ID NO:52:
55
(i) SEQUENCE -CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B} TYPE: nucleic acid



—

(2) 1 NFORMATI ON FOR SEQ ID NO. 22: 50 (i) SEQUENCE

CHARACTERMvizg bé/88498 (A) LENGTH:. 29 base paiPCI/US96/02492
(B) TYPE: nucleic acid (C) STRANDEDNESS: single 55
(D TOPOLOGY: |inear (ii) MOLECULE TYPE: other nucleic acid
(A) DESCRI PTI ON: pl-dggg = "nucleic acid" - g4 ~WD 96/ 25498
PCT/ US96/ 02492 A- 337B - 74 - -
5 (xi) SEQUENCE DESGR| FiHrthbeorESss! R:iND L2 CACGTCCTTA
ACAGCAGCCT GAGCCAGTG (D) TOPOLOGY : linea'rug _ 29
(2) | NFORMATI ON FOR SEQ | D NO 23: 10 (i) SEQUENCE
CHARACTERI STI CS: (ii) MOLECULE TYPE: ofbly hkNEIt. acdQ base pairs
(B) TYPE: nucdeic acid (A) DESCRIPTION: /des¢( "SIRANDHENGESS: single 15
(D TOPOLOGY: |inear (ii) MOLECULE TYPE: other nucleic acid
(A) DESCRI'PTI ON: /de§gfo%ﬂH%&§ic aci d" 20 . (i x) FEATURE:
(A) NAME/KEY: -
10 (B) LOCATION: complement (1..26)

(xi) SEQUENCE DESCRIPTION: SEQ ID NQ:52:

15 GTGGTTCCGT GTCCTGTAAG ACCCTC

[y ]
[2)

{2) INFORMATION FOR SEQ ID NO:53:

(i) SEQUENCE CHARACTERISTICS:
20 - . (A) LENGTH: 31 base pairs
' {B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

25 (ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "nucleic acid"

30
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:53:

GAAAACCCAG ATGAACGAGA CCAAGGCACA G 31
35 (2) INFORMATION FOR SEQ ID NO:54:

(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
{B) TYPE: nucleic acid
40 (C) STRANDEDNESS: single
' (D) TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = ‘“nucleic acid*

45
{ix) FEATURE:
(A) NAME/KEY: -
(B) LOCATION: complement (1..31)
50
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:54:
CTTTTGGGTC TACTTGCTCT GGTTCCGTGT C 31
55

(2) INFORMATION FOR SEQ ID NO:5S:



-

(A) NAME/ KEY: - (B) LOCATI ON: conpl enment (1..29)

25 w0 96/2540%i ) SEQUENCE DESCRI PTI ON: SEQ | D NO 23: PCT/US96/02492
GTGCAGGAAT TGICGICGGA CTCGGTCAC. - 29
30 (2) | NFORMVATI ON FOR SEQ | D NO 24: (i) SEQUENCE
CHARACTERI STI CS: 5 _337 (A _LEFIGIH: 33 base pairs

(B) TYPE: nucleic aci 35" C) STRANDEDNESS: single

(D TOPOLOGY: linear . i1) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION /desc 't SHHENE ;‘g'%\c RLSTISR: (xi) SEQUENCE
DESCRI PTI ON:  SEQ I D NO 24: (3, E: nuclei GCCT AACGGTITCCC TGCTGCCTGC
TGT (C) STRANDEDNES 3 single (2) 1 NFORVATI ON FOR SEQ
| D NG 25: 550 (itp) SoRUEdME CHARACTERI STI CS:

(A) LENGTH: 33 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNESS: si figle MOLECULE TYPE: other nuclef)act@OLOGY: |i near 55
(ii) MOLECULE TYPE: other AfAtIRESERERGIGN: /desc = "nucleic acid" ( A)

DESCRI PTI ON:, 4 desc = "nucl eic acid" WD 96/ 25498

PCT/ US96/ 02482

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:55:
15 GTCCCCACCA ACACCACTCT AGTCCTC
(2) INFORMATION FOR SEQ ID NO:56:

- (1) SEQUENCE CHARACTERISTICS:
20~ : (A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

25 {1i) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = ‘*nucleic acid*

(ix) FEATURE:
30 (A) NAME/KEY: -
(B) LOCATION: complement (1..27)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:56:
35
CAGGGGTGGT TGTGGTGAGA TCAGGAG

27

27
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A-337B - 75 - (i x) FEATURE;

(A) NAVE/EY6/25498 B hEAT g I enhfiI/PPe3Ey 5
(xi) SEQUENCE DESCRI PTION: SEQ I D NGO 25 C REBLACED M%(EE# TTGCCAACEG
ACGACGGACG ACA = 33 . (2)

| NFORMATI ON FOR §E95 P NG 26: - gg(d) SEQJENCE

(A) LENGTH. 31 base pairs 15 (B) TYPE: nucI

(O STRANDEDNESMLU%;%%T%S_ (D) TOPOLOGY: MT"T
(i1) MOLECULE TYFE re2acid 20 A DESCRI PTI ON

/ desc = "nucleic acid" (xi) SEQUENCE DESCRI PTI ON: SEQ ID

NO 26: TGCCTACACC TAA
31 (2) | NFORMATI C]\IIFC]gCéE 69%_)@% m&ﬁgand compr:.s:.ng( ﬁn
SEQUENCE CHARACTERLSI| £Sid sequence which inclu@ks BENGERst3énbaaddedirs

(B TYPE nugl el g a6idar one deleted gr m&%%ﬂ%ﬁ% ESy single 3

(D) TOPOLOGY:™ i néa nucl eic acid
(A) DESCRI PTI ON: glyjeg@yhatxml%itte aci d" (i x) FEATURE:

2. The analog of Claim 1 wherein the '
glycosylation site is for an N-linked carbohydrate
10 chain.

_ 3. The analog of Claim 1 wherein the
glycosylation site is for an O-linked carbohydrate
chain. '
15 .
4. The analog of Claim 1 having at least one
additional carbohydrate chain attached thereto as

expressed in a eukaryote.

- 20 5. The analog of Claim 4 wherein the
carbohydrate chain is an N-linked carbohydrate chain.

6. The analog of Claim 4 wherein the
carbohydrate chain is an O-linked carbohydrate chain.
25
7. The analog of Claim 1 which is the
product of expression of an exogenous DNA sequence in a

eukaryote.

30 8. The analog of Claim 5 which is selected

from the group c_onsisting of

[Asn30, Tnr32) mpl ligand;
(Asn82, Ala®3] mpl ligand;
35 [Asn87, Thr8?) mpl ligand;
[(Asn53, Thr35] mpl ligand;

-« € L MW 5§ =



(A) NAVE/ KEY: - LOCATL.QN._canpl enent  (1..31) 45
(xi) SE%%W PTION: SEQ ID r]@% SHEET HAS BEEDGRATGT GPeIUSIBAZANC

GGACGACA REPLACED 31 50 (2)

| NEORMATI ON FOR SEQ | D NO. 28: H—SEEUENCE CHARACTERI-STHCS:

(A) LENGTH: 31 bags irs - B) TYPE: nucleic

(O STRANDEDNESSA™ gr"ﬁ% e 87(%)) oL Oor 1 e A St ik Been Re
(ii) MOLECULE TYPE: otsrger éel c acid WO 96/ 25498 II,I" ,I""”I,I”i
PCT/ US96/ 02492 * [Asn3%, Th\rg 7wl ligand; - 76 -

(A) DESCRI PTI ON: /@g&po_ %mg@z iKsrdeOd" Thrl22] bl ligand; ( x.) SEQUENCE
DESCRI PTI ON:  SEQ | 1 39 \CCAA TATGTCGGAG ACCAAGGCAC A

31 10  (2) IN Tllcﬁ ¥R S} F oblgand; (i) SEQUENCE

CHARACTERI STICS:  [Asn39, ser4l] mpl lidga#d;LENGTH. 31 base pairs
.(B) TYPE: nucg eic &csinch’ §2r55] mpl ligand; (C) STRANDEDNESS: si ngl e
[Asn52, Thr34] mpl ligand;
[Asn35' (1), Thr37] mpl ligand;
(Asn8l, Thr83] mpl ligand;
[Asnll8, serl20) mpl ligand;
10 (Asn30, ser32, asnl20, serl22] mpl ligand;
[Thrl63, Asnl64] mpl ligand;
[Asn30, Thr32, Asnl20, Thrl22, Asn55(i), Thr57] mpl ligand;
[Asn30, Thr32, AsnS55'(i), ThrS7, Thrl63, Asnl64] mpl ligand;
(Asn55, Thr37] mpl ligand;
15 [(Asn5€] mpl ligand;
[Thrl63 ASﬂ;54. Thr166] mpl ligand; and
{Asn30, Thr32, Asnl20, Thrl22, agn55, ThrS7, Thrl63.
Asnl64, Thrl66] mpl ligand.

20 9. An analog of Claim 1, wherein the mpl
ligand has an amino acid sequence selected from the

group consisting of:

mpl ligand 1-332 amino acids 1-332 of FIG. 1
mpl ligand 1-199 amino acids 1-199 of FIG. 1
25 mpl ligand 1-191 amino acids 1-191 of FIG. 1
mpl ligand 1-183 amino acids 1-183 of FIG. 1
mpl ligand 1-174 amino acids 1-174 of FIG. 1
mpl ligand 1-163 amino acids 1-163 of FIG. 1
mpl ligand 1-153 amino acids 1-153 of FIG. 1
30 rmpl ligand 1-152 amino acids 1-152 of FIG. 1
mpl ligand 1-151 amino acids 1-151 of FIG. 1
mpl ligand 7-332 amino acids 7-332 of FIG. 1
mpl ligand 7-191 amino acids 7-191 of FIG. 1
mpl ligand 7-199 amino acids 7-199 of FIG. 1
35 mpl ligand 7-183 amino acids 7-183 of FIG. 1
mpl ligand 7-174 amino acids 7~-174 of FIG. 1

* c L L] H *
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(D TOPOLOGY: |inear _ (ii) MOLECULE TYPE: other nucleic acid
A Rl dos0 = et ol [T s g | e
(xi) SEQUENCE DESCRI PTI ON: SEQ | Dbo2@ = = CETTTTGGIT ATACAGOCTC
TGGITCOGTG T a-337B - 88 - 31 30 (2)

| NFORVATI ON FOR SEQ | D NO: 30:

(A) LENGTH: 32 base pair, -
(O STRANDEDNESS: si ngl &%+ Hgand 7-163

(ii) MOLECULE TYPE: ot hé®lhddigeréd dcit

/desc = "nucleic acid
NGO 30: TGEE¥(¥V\$§“ \ACA! C& QTCE%(IyxaA CC
32 (2) | NFORVATY “EBINO 31: B

SEQUENCE CHABACTERI STI CS
(B) TYPE: nucleic acid
(D) TOPOLOGY: |i near

(A) DESCRI PTI ON: ftdmsthe droup efansiciting of:

{Asn22] mpl ligand;

(i) SEQUENCE CHARACTERI STI CS:
afBlo TadkHs mucl el oREIE. 1

§3 40 Smind ReldS \g‘lléi%n TSI PR Ov
mpl 1i4@nd 7-152(Xi) SERLEMNCEIESCRIFT Q¢ REQ I1D

acids 7-151 of(§5G. 1

(A) LENGTH: 32 base pairs

10. an apalos of (hdpal PSRN

sdileea SO

nucl el ¢ aci.d

- This Sheet Has Been

TR

10 {Asn25] mpl ligand;
[Asn38, Thr40} mpl ligand;
[Asn®6] mpl ligand; |
~ [Asn®2] mpl ligand;
(Asnl20, Thrl22] mpl ligand;
15 [Ser36, Asn38, Thr40] mpl ligand;
(Asn88, Thr9%] mpl ligand;
{Asn23, Ser25] mpl ligand;
(Asn57, SexrS59] mpl ligand; and
[Asnll9, Serl2l) mpl ligand.
20
11. An analog of human mpl ligand according
to Claim 10, wherein said mpl ligand is selected from
the group consisting of:
25 mpl ligand 1-332 amino acids 1-332 of FIG. 1
mpl ligand 1-199 amino acids 1-199 of FIG. 1
mpl ligand 1-191 amino acids 1-191 of FIG. 1
mpl ligand 1-183 amino acids 1-183 of FIG. 1
mpl ligand 1-174 . amino acids 1-174 of FIG. 1
30 mpl ligand 1-163 amino acids 1-163 of FIG. 1
mpl ligand 1-153 amino acids 1-153 of FIG. 1
mpl ligand 1-152 amino acids 1-152 of FIG. 1
mpl ligand 1-151 " amino acids 1-151 of FIG. 1
mpl ligand 7-332 amino acids 7-332 of FIG. 1
35 mpl ligand 7-199 amino acids 7-199 of FIG. 1
mpl ligand 7-191 amino acids 7-191 of FIG. 1

e
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WO 96/ 25498 Sheet Has Been Replaced PCT/ US96/ 02492
A- 337B (i X) FEAKIRES96/02492
AR P m\“!m lﬂ‘uo (#5 SHEERHAGNBEEN il ement (1. . 32)
(xi) SEQUENCE DESCRI P r 31: REFLMEED ACCCICTTAC CTTGTGGTGC
TACCTCCTCT GG 3D (2)

| NFORMATI ON FOR SEQ3BBBNO 32: - 86i }» SEQUENCE CHARACTER! STI CS:
15 . (A) LENGTH 32 base pairs (B) TYPE:
nucl eic acid G _ S RANDEDNES e

(D) TOPOLOGY: linear  2%°% 1igen 3 fBN%_AECULE T\g(ngEabgta IR 8FCFIG: o
(A) DESCRI PTION: /desc = mmhc}b%n c7u174 2@mino acids °7- 179e|9fSEQ§JENCE
DESCRI PTI O\t SEQ I D NO 32p1 ligand PAEYCCAGAaMPAACEACAS PALEANEGRTEA

32 30 (2) | NFORMATI OK{F fOB E%I 5_ ) SE%JENCE
CHARACTERI STI CS: igan '(% LENGTﬁml§2 pgidspiris3 of FIG. 1
(B) TYPE: nucl®ic acid mbl ligand 7-152 (C) amiRANREDEESS-152ngEerFIG. 1

(D) TOPALOGY: linear mpl ligand 7-151 amino acids 7-151 of FIG. 1

12. An analog according to any of Claims
8-11, which is the product of expression of an exogenous
10 DNA seqguence in a eukaryotic cell.

E . 13. An analog according to Claim 12, wherein
said eukaryotic cell is a mammalian cell.

15 14. An analog of Claim 1, which is
(Asn30, Thr32, Asnl20, Thrl22, agn55'(i), Thr57, Thrl63,
Asnl64. Thr166] mpl ligand 1-174; or
(Asn30, Thr32, Asnl20, Thrl22, aAgn35'(i), Thr57, Thrl63,
Asnl64, Thrl66] mpl ligand 1-199, '

20 which is the product of expression of an exogenous DNA

sequence in a eukaryotic cell.

15. An analog according to Claim 14, wherein
the eukaryotic cell is mammalian.
25
'16. An analog according to Claim 15, wherein

said mammalian cell is CHO.

17. An analog of mpl ligand comprising an
30 amino acid sequence which comprises (a) substitution of
any of the O-linked carbohydrate sites in mpl ligand
with an N-linked carbohydrate site; (b) substitution of
any of the N-linked carbohydrate sites in mpl ligand
with an O-linked carbohydrate site; (c) substitution of
35 any of the 0O-linked carbohydrate sites in mpl ligand
with a different O-linked carbohydrate site; or (d)

g




~

(ii1) MOLECULE TYPE: other nucleic acid (A) DESCRI PTI ON:
/desc = "w&s&saci d" 40 () —FEARURE: PCT/US96/02492

(A) NAVE/ A TH{EBHERICKABBEENCnpl ement (1..32) 45
(xi) SEQUENCE DESCRI PTI ON: SEQ | Df NO 3REPLACGED TTTTGGGTCT ACTTGCTCTG
CTGGTTCCGT GT _ . 2 50 (2) -

| NFORVATI ON FOR 3EQ37B NO: 34: - 90(i-) SEQUENCE CHARACTERI STI Cs:
(A) LENGTH 31 base pairs 55 (B) TYPE: nucleic acid

(C) STRANDEDNESS: s Hidtdltition of any of the N-{DhkdOPAIMhiydidedrsites WO
96/ 25498 , ) . , . PCT/ US96/ 02492
A-337B in mpl ligand wig} a different N-linked)capheiynateype.

ot her nucleic aciglte. (A) DESCRIPTION. /desc = "nucleic
aci d" 5 (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO: 34:
CCCAGATGGA GAACACCTCG GCACAGGACA T 31
10 (25 | NFORVATI ON IOR JE@NAD se@uemce encoding an analog of mpl

ligand which includes at least one added, at least one -
deleted or at least one altered glycosylation site.

19. A DNA sequence encoding an analog of mpl
10 ligand according to any of Claims 1-11 and 13-17.

- 20. A eukaryotic host cell transfected with a

. DNA sequence accofding to Claim 19 in a manner allowing
the host cell to express an analog of mpl ligand.

15
21. A composition comprising a

therapeutically effective amount of an mpl ligand analog
according to any of Claims 1-11 and 13-17 together with
a pharmaceutically acceptable diluent, adjuvant or

20 carrier.

This Sheet Has Been RTlaced
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(i) SEQUENCE CHARACTERI STI CS:
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PCT/ US96/ 02492
. PCNUS96/02492
(i x) FEATURE:

LOCATI ON: conpl enent (1. 32)

32

GIGCCCCTGT

10

s

= "nucl ei c aci d"

&P 95t

(A) NAVE/ KEY:
(xi) SEQUENCE DESCRI PTION: SEQ I D NO

TTTGCCTTGG TGAACGGAGA GT

WO 96/ 25498
A-337B

e
DESCRI PTI

Co B
— ~F
3] mw N
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(B) TYPE:

(2)

nucl ei ¢ aci d

(i x) FEATURE:

LOCATI ON: conpl enent (1..31)

31

GTCCCGTCCT TGTGTAGAGT
(i) SEQUENCE CHARACTER! STI CS:

N Oy Y

(D) TOPOLOGY: pé1B8d6/02492
| e
~ ~

(B) TYPE:
50

i

40

TRANEDESS ing! o

(%6t4
254984 m

(xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 39:

GITCCTAGEG T

(O &

QO

/

I baseopairs o

i

35
nucl eic acid

oy O 96

Y I~
1y o

"nucl ei c aci d"

ot her
(A) LENGTH:

singl e
o [~

S espee

DESCRI PTI ON

45
. Oh
| i nedr cq

/ desc

| NFORMATI ON FOR "SEQ | D NO 40:

(A) LENGTH: 31 base pairs
55

(C STRAN
(i) MALE
(A) NAME/ KEY:
nucl eic acid

(D) TOPOLOGY:

17014

(A)

(xi) SEQUENCE

80 -

AANN YOOLOLLLLYLOLODLLLILIOY
LIODVYIOVIVOLYOLOVLYYIOV DLV ILIOVY LLLLLLLY LODVYOVYILLIDOVYVIVILILVOVY

LOLIOVILLLLLYOLYVYDDOVYYYOLIOVOOYIVIVILVIDOVYYVLODLIIDOYYYIIIVYY
OLIOLILLLIVY LIDLLLYOVYIVIDLOVYIVOTYOODLIDIIDINDDYIDLIDDLLIIILD

PUFATONTOUTDISSNS]
OVIVLOLIOLOLOLLYIOVILYIOVODIDLIOVIVOVILILLOOVYLODOVYDIOVILILOLD

o .
USYUTHISSS THIYLIALIDS IYLUSYNOINSTOIIIDSIYLOAJ IYLOIJIULOIJRTY
.a94404000EU4UUU<U4&UUB4U<U4<<EUBBUBUUUO<UU4BUUUU<UUUOU¢<UUBUO

wmmoumammonmsmqswaoummHmzquHGHm>ﬁm>oumusaonmﬁmQM£Boumoumﬂwq
LIIDOVYIDLIILLIDLIDIIIYIILIDOVIDIODILOLIIIIVIIIDLIIIYIDDIVIDLLD

nucl ei ¢ aC|

g§e$c %9

A-337B

IJOYINITIYLIALUTDATDIYLOIJOAIIS THAYLOIJIDSOIJIDSIALATHOIJUTD
POLLILIDOVILYLOVIVODLOVLODLIDILYIIIVYIDIDLIODLILIY.IYODOLIDOYD

nu
4

=

UsyoIgoadnariIasAToayLdsyaIagaylLAToaesaaseTIdsyvoadeIvATONST
0440U040009UU0900040404040940¢<®U<UBUUBBB4U4@@UUUUO¢OU¢BU

g 8

(1i1) MOLECULE TYPE: ot her
[/ descl

DESCRI PTI ON

PCT/ US96/ 02492
DESCRI PTI ON: SEQ |
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10 GGGCAGGACC AACGCTAGCA AGGATCCCAA T

31 wa 9925494 ORVATI ON FOR SEQ | D NO 41: PCTiusosiizabiI=NCE
CHARACTERI STI CS: 15 (A) LENGTH 31 base pairs
(B) TYPE: nucleic acid 4 (C) STRANDEDNESS: single
(D TOPOLOGY: |inear 20 (i) I(/&ECULE TYPE: other nucleic acid
(A) DESCRI PTION: /desc = "nucleic acid" (i x) FEATURE: 25
(A) NAME/ KEY: - (B) LOCATION: conplenent (1..31)
(xi) SEQUENCE DESCRI PTION: SEQ | D NO 41: 30 CCCGTCCTGG TTGCGATCGT
TCCTAGGGIT A 31 (2)
| NFORMVATI ON FOR SEQ I D NG 42: 35 . (i) SEQUENCE CHARACTERI STI cs:
(A) LENGTH 24 base pairs (B) TYPE: nucleic acid
(C) STRANDEDNESS: single (D TOPOLOGY: |inear 40
(ii1) MOLECULE TYPE: other nucleic acid (A) DESCRI PTI ON:
/desc = "nucl ef €§ &i d" zég - S Fxi) SEQJE@:@DESCH PTr@I“SEQ
| D NO 42: U CAGIGCAACE AGTCCCACCC %’
24 50 ) 7% | NFORMATRDK! FOR SEQ|@:N8)4 (u)“?S
SEQUENCE CHARACTERI STI CS: v U o (A) LENG%O'24 base pat-Hrg
g = B QO O <G
£ Q < O O
o 04 o O o ym = £ o QO
.87 28" BT ReE0 %%
§ = 8 1 " 8 > 5 P4 8 1
O 4
RS O > S w = O m
& S S o 0
EE s 8 0 8 04 g: m g 3
&)
. ’ . ) e B
g > § 3 % &) 8 0] 9 v
5 B &
Q> S a S o E Se o
o 5 5 5 e <
Eg = E &) ?D: 9 § 0 2 > O\
c R o U o H o & o O .
. . . . fx + QL
MR e o g i A 86 5 ¢« 0
£ 3 g ah 5 44 8 o 8 o Ll
: & =
g 53 § (a1 % 195! g > g S
B
. Q £
. . . U 4
Eg X § aP g 3 8 [aF 8 )
B B <G
3= g° 8- g~ Co
- E O
. E = %—1) w 5 oo U U <«
o U Lo O o 8 2 %_4) 2 . 9
O
<L & O
g 5 £ g A 2 a E(D: &
Q
] <5
g cEj () g) 02 g_a 8 53
8 8 - O <
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55 (B) TYPE: nucleic acid . (O
STRANDEDNRQ§ 9654498 € (D) TOPOLOGY: | i nedCT/US96/02498)
96/ 25498 PCT/ US96/ 02492
A-337B - 81 - (ii) MOLECULE TYPE:
ot her nucleic acid 5“ﬂA) DESCRI PTI ON: /desc = "nucleic
aci d" 5 (i x) FEATURE: ' (A) NAME/ KEY: -
(B) LOCATION: conpl enent (1..24) 10 (xi) SEQUENCE DESCRI PTI ON:
SEQ | D NO 43: GTCACGITGC TCAGGGTGGG AAAC
24 (2) | NFORMATI ON FOR SEQ | D NQO 44: 15 (i)
SEQUENCE CHARACTERI STI CS: (A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single 20
(D TOPOLOGY: |inear (ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "nucleic acid' 25 (xi) SEQUENCE
DESCRI PTI ON: .SEQcaD NO 44:. ¢» ¢80 GACCACAAAT CACTCCGAT @ CCAA 0
24 <% ) O O Q
) It B O <L
(E-'D &) S‘J: @ 8 - 8 < S *
- O £
E d)) § Ay § — 8 ~ 8 -
&} <
wn + 0 — o+ FA ™~ g O] o 0
(s < <t o <# ) B L é
e 3" S © 3> 5 =
O £
e &)
g = <= g o 5 - s
. . . ¢« 0 B
S S o e S 5 .
O
£ o B
o g e G o 3> m
3 £ e o £ N
EH W U L H Qo O .
2 o 8 o 8 o g — 8
5’1-5._1 o W n 0« ~ OO0 ~ +BHW G
o U ™ 2 < & wn E_‘I: LN 8 E
g @) 8 o g z 8 > 2 o
O B Q B O
< B 8 o g (a7 8 1 8 o 4
Q
&= O
8 on 8 e § 0 . g = . 5 2
S & < £ O
g 8 W 5 x 8 2 5 A
g e < = &
O O %-.) ja o E F g >
i % I 8 << 8 (9 8 <
o S: o o U o Eﬁ) 8 g 2 6
. . ™ . . ]
m Bo o O v && > 8- wosE
3 g g g g
8 24 U m < B+ 3 4 Sl O
e O 0] © =
O = &) @) Q
(G 8 g 5 ~ 2 w % a¥ 8
6 <L o O O B
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(2) 1 NFORMATI ON FOR SEQ | D NO 45: (i) SEQUENCE

CHARACTERI STI CS: 35 (A) LENGTH. 24 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS:_ si n@l e
(D) TOPOLOXP96(254984 40 (ii) MOLECULE TYPE: other B§J2602492; o
(A) DESCRIPTION: /desc = "nucleic acigliqy (i x) FEATURE: 45
(A) NAME/ KEY: - ( LOCATI ON:  conpl enent (1..24)
(xi) SEQUENCE DESCRIPTION: SEQ{IDNO43: 4 ¥ ¢ ZCTéSGT@'TT CTEACIIAG
GGIT - 2 (
| NFORMATION FOR SEQ ID No46: | 95 | 1 (i) ISEQIENCE CHARAGTERISTI €S:
(A) LENGTH 27 pairs : (B) TYPE: nucleic acid
(C) STRANDEDNES:y 3i ngéqj WD 96/ 25498 o
PCT/ US96/ 02492 K@) 85.5 — A 3378 - 82 -
(D TOPOLOGY: |inear (i1) MOLECULE TYPE: other nucleic acid
(A) DESCRI PTION: /desc = "nucleic acid" 5 '
55 -
43 -
36 - - -
29 -

18.4 —

12.4 —

. Neuraminidase

+0-Glycanaseg —» - + - - + - - + = - 4+ -
Treatment
N-Glycanase o o o
Treatment + o+
3
g g Z g
s = ] =
65 30 56880888 8%
I:OL:‘QII".II".II‘-’:
SO Wl S WS uwd Su
Y YT T Y8283 38
RO T T T T T T T
L w TUN TR TUR TR THRN T U T U | S TR
oo'c’:‘cooococoo
O 00 O OO0 0 o6 OO0
=S =S S =2 2= 2 2 2 =2
q-'cxicdv:&dcdl\'daig';fg_i

FIG.3
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(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 46: 10 GTCCCCACCA

ACACCTCTCTWAIHRS8 PQIUS96/02492

(2) I NFORVATI ON FOR SEQ I D NO 47: 15 (1) SEQUENCE

CHARACTERI STI CS: @M14 LENGTH: 27 base pairs

(B) TYPE: nucleic acid _ (C) STRANDEDNESS: single

(D) TOPOLOGY: i near 20 (i1) MOLECULE TYPE: other nucleic
acid . (A) DESCRI PTION: /desc = "nucleic acid" 25 |
(i x) FEATURE: (A) NAME/ KEY: - (B)
LOCATI ON:  conpl enent (1..27) 30 (xi) SEQUENCE DESCRIPTICN SEQ
D NO 47, CAGGGGTGGT TGTGGAGAGA TCAGGAG

27 (2) I NFORVATI ON FOR SEQ I D NO 48: 35 (1)
SEQUENCE CHARACTERI STI CS: (A) LENGTH: 33 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single 40
(D) TOPOLOGY: i near (i) ﬂ@UL TYPE: other nucleic acid
(A) DESCRI PTION: /desc = "nucleic acid" (1 x) FEATURE:
(A) NAME/ KEY: - (B) LOCATICN conpl ement (1..33) 50

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 48

__ 5000
3
M 4000 -
el
x .
‘“’, 3000 A
2 <=
§ 2000 -
2 (000 -
s
o
a ') S ——
I I0 - 100 1000
Mpl Ligand (ug/kg/day)
—O0— CHO 332 --0-- (coli) MK 332
—&— CHO 174 - -9-- (coli) MK 174
—0— CHO 163 - -g-- (coli) MK 163
—a— CHO 153 - -m--{coli) MK 153

—0— (coli) desMK 163

SUBSTITUTE SHEET (RULE 26)



TGACCGAGAC CCGAAGACTT CACTCAGCTG.-CCC 33

55  (2) | NFORMATI ON FOR SEQ | D NG 49: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH 31 base pairs WO

06/ 25498 WO 96/25498 PCRCISEI602492 2
A-337B - 83 - g8/14 (B) TYPE:

nucl eic acid _ (C) STRANDEDNESS: single

(D TOPOLOGY: |inear o (ii) I\/C]_ECULE TYPE: other nucleic acid
(A) DESCR PT@ % %um el acid’ (xi) SEQUENCE
DESCRI PTI ON: ? )49 ?QA%C?CA AACGAGACCA CCAAGGCACA G

31 15 Ol%&ﬂi\m a H}R‘%E@ (i) SEQUENCE

CHARACTERI STI Cs:
(B) TYPE: nucleic acid
(D TOPOLOGY: |inear

e 31 base pairs
s ngl e '
S YPE: ot her nucleic acid

(A) DESCRI PTION: /desc (i x) FEATURE:
' < Additional
N-linked Chain
©
x &
MGDF (174) 8 § |
AnalogNo. =2 O 5131415 4
2 Additional
’ N-linked Chains
' i} % 1 Additional
FIG.6 . &‘i’ 7 Niinked Chain
© ©
x £ £ |
MGDF(174) 8 § §
AnalogNo. =2 O O 4 41010 7 7
N-Glycanase - - + - + - + - +
Addmonal
™ N-linked Chain

FIG.7

SUBSTITUTE SHEET (RULE 26)




(A) NAME/ KEY: - (B) LOCATION: conpl enent (1..31) 30

(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 50: CTTTTGGGIC TTGCTCTGGT
GGITCCGTGT C 31 35 2

| NFORVATI OKOR6RS4880Q | D NO 51: (i) SEQUENCE CRSRAISHE | CS:
(A) LENGTH. 26 base pairs 40 9/14 (B) TYPE: nucleic acid

(C) STRANDEDNESS: single (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid 45 (A) DESCRI PTI ON:
/ desc = "nucleic acid" 50 (xi) SEQUENCE DESCRI PTION: SEQ ID
NO 51: 'CACCAAGGCA CAGGACATTC TGGGAG

26 (2) | NFORVATI ON FOR SEQ I D NG 52: 55 (i)
SEQUENCE CHARACTERI STI CS: (A) LENGTH. 26 base pairs
(B) TYPE: nucleic acid WD 96/ 25498

PCT/ US96102492 A-337B 84.-

(C) STRANDEDNESS: single (D) TOPOLOGY: i near

(ii) MOLECULE TYPE: other nucleic acid

FIG.8A FIG.8B
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5 (A) DESCRI PTION: /desc = "nucleic acid" (1x)

FEATURE: (A) NAME/ KEY: - 10 ' (B)
LOCATI ON: conpl enent (1 ..26) (xi) SEQUEN DroshiizheN:  SEQ
| D NO 52; 1%59 GTGGTTCCGT GTCCTGTAAG ACCCTC CEP :
26 WO 9% qNFCRNATI ON FOR SEQ 10P140. 53: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH. 31 base pairs
(B) TYPE: nucleic aC| d (C) STRANDEDNESS: single
(D TOPOLOGY: I near 25 (| i) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "nucleic acid" | 30 (xi) SEQUENCE
DESCRI PTI ON:  SEQ | D NO 53: GAAAACCCAG ATGAACGAGA CCAAGGCACA G
31 35 (2) I NFORVATI ON FOR SEQ | D NO 54: (i) - SEQUENCE
CHARACTERI STI CS: . (A LENGTH 31 base pairs
(B) TYPE: nucleic acid 40 (C) STRANDEDNESS: single
(D) TOPOLOGY: i near (ii) MOLECULE TYPE: other nucleic acid
(A) DESCRI PTION: /desc = "nucleic acid" 45 (1 x) FEATURE:
(A) NAME/ KEY: - (B) LOCATION: conpl enent (1..31) 50
s ¥
=t g
TaeON
- = §
o ~
£ fEiTiE
-2 29F BFg
- D= -1 dg 58%
X 8-5_ -3 —9.’: __J_Sc <
Q S5 o 32
X g w2 2 2<s<«
e b
MW T
kDa
66.2 — I
2 additiona .
45 — — N-linked oligosaccharides
— 1 additional .
31 N-linked oligosaccharide
215 —
14.4 —

FIG.9
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(xi) SEQUENCE DESCRI PTI ON: SEQ | D 'NO 54: CTTTTGEGTC TACTTGCTCT

GGITCCGTGT C 31 55 (2)

| NFORVATI ON nigeg | D NO 55! WD 96/ 25498

PCT/ US96/ 022‘;@ A-337B - 85 PCTUS96/02492
(i) SEQUENCE CHARACTERI STI CS: 11 (A) LENGTH:. 27 base
pairs (B) TYPE: nucl é”: acid (O
STRANDEDNESS: si ndl e 5 (D) TOPOLOGY: |i near

(ii) MOLECULE TYPE: other nucleic acid (A) DESCRI PTI ON:
/ desc = "nucleic acid" 10 (xi) SEQUENCE DESCRI PTI ON: SEQ
| D NO. 55: 15  GICCCCACCA ACACCACTCT AGTECTC

27 (2) 1 NFORVATI ON FOR SEQ | D NG 56: (i) SEQUENCE

CHARACTERI STI CS: 20 (A) LENGTH 27 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D), TOPOLOGY: i near 25 (i) I\/[J_ECULUI)E TYPE: other nucleic acid

(A) DESCRI PTION: /desc = "nucleic acid" ke O
T oz

) a

T B

O O

3 3

o o

2 52

co &%
v Ov .

20 =0

- VX [xX
VE TE

« -

NZ ~ 2

[

puebi [di 1109 *3 -[ .o

zz1dll gz Usy B +
zedYl oeUSY -
St (v2L) puebiy |y .

zelll ogUsy _ '®)
v (vL1) puebi dp —
-, )
vZ1-1 pueby dpy - L
JHO0W —
@ 2 (L | | | !
wn ot [Te) <t
=32 ¢g Y ° § =
S
G
z
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(ix) FEATURE: . 30 (A) NAME/ KEY: - (B)

LOCATI ON:  coripidees®pgt (1. .27) . (xi) SEQUENCE DESpEt/bHs$eemN192SEQ
| D NO 56: 35 CAGGGGTGGT TGTGGTGAGA TCAGGAG

27 12/14 - 86 - WHAT IS CLAI MED
1S : 1 An anal og of npl l|igand having a biological activity of

stinulating-or increasing the production of negakaryocytes and/ or

pl atel ets, which,conprises a nodification of ami no acids by introduction of
at | east one Asn-X-Ser/Thr sequence, where X is an amno acid excluding
Pro, into an npl |igand sequence containi FE;:Ge sg the 7-151 am no acid
sequencé shown in Fig. 1, provided that t 03 s not [Asn[err]] npl

ligand nor [Asn[err]] npl Iigand. 2. An anal og of claim1l wherein the
nodi fication is chosen fromthe following (i) to (xvii): (1)
Asn[err], Thr32 élé Asn[err], Thr[err] (iii1) Asn[err],Thr[err]
(iv) Asn[ err], Thr 3R\ [erTT—ThrierT] vy AT erTi er[err]
(vi) Thr[err], Asn[err] (vii) Asn[err],Thr32 Asn[err] (i), Thr[err]
Asn[err], Thr[err] (viq Thr32 Asn[err] (i), Ibr[drr],
Threrr], Asn[err] (1x) r] ~8

5000 A

3
o
O 4000 -
S
- 3000
(0}
o
O
a 2000
000 + l“#rTI'I'I¢

2000 4000 6000
1000 3000 5000

Dose (nM/kg)

—@— 5.CHO-174-15
—@— 2.CHO-1-332

—a&— 4.CHO-I74-4
—e— 3.CHO I-174

—e— 6. E coli Mk I-174

—4g— | . Carrier
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(x) Asn[err], Thr[err] | (xi) Asn52 Thr 54 (xii) |

Asn[err], Thr[err] (xiii) Thr[err],Asn[err], Thr[err] (Xi V)
A'S ] S 32 ,AS y S As
o gty I RS o or - honc 1] et

Threrr], Asn[eiﬁ1 Thr[err] 3. An anal og of claim
1 or claim2, which is the produc o?’ expressi on of an exogenous DNA
sequence in a eukaryotic cell. 4, An anal og of claim 3 wherein the
eukaryotic cell is a manmmalian cell.
- 87 - 5. An anal og of claim4 wherein the mammalian cell is CHO cell.
6. DNA encoding the anal og according to any one of clainms 1 to 5. 7.
A eukaryotic host cell transfected with the DNA according to claim6 in a
manner allow ng the host cell _to eXPrEss fn anal @ ofonpl |igand. 8. A
phar maceuti cal conposition f§ stlnulati M Ok n€eastng the production of
nmegakar yocyt e and/ or pl a&l ety V@i chirconssri ®s zg.;t heﬁ}apeuti cally effective
anount of the anal og accerdi Ny té\any:ongof w~lai#s 3o 5 in association

wth a pharmaceuti-calxly a:cepi—ablfdi‘ifeq‘f w LOL B
00 82 Q898 3 =
Mw = =2 = 2 2 2 = Lo
T Additional -
N-linked Chains
MGDF MGDF
1-174 1-199
— 4
-3
~3
-2 -0
-0

~ FIG.12
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adj uvant or carrier. WO 96/ 25498 PCT/ US96/ 02492

A- 337B - 88 - ' mpl |igand 7-163 am no
acids 7-163 of FIG 1 npl 1igand 7-153 am no acids 7-153
of FIG 1&’ 98 mpl |igand 7-152 am no aci ds 7-POFAUSHHOME 1
nmpl |igan 0796??1 amno acids 7-151 of FIG 1 5 10.
An anal og of human npl |igand sel ect 44/14 fromthe group consisting of:
[ Asn22] npl |igand; 10 [ Asn25] npl |igand;
[ Asn38, Thr[err]] npl |igand; [ Asn86] npl |igand;
[ Asn92] npl |i gand; [Asn[err], Thr[err]] npl |igand,
15 [ Ser 36, Asn38, Thr[err]] npl I|igand,
[ Asn88, Thr90] npl Ii gand; [ Asn23, Ser25] npl I|igand;
[ Asn57, Ser59] npl I|igand; and [ Asn119, Ser121] npl
| i gand. 20 11. An anal og of human npl I|igand according
to daim110, wherein said npl ligand is selected from t he group
consi sting of: 25 npl |igand 1-332 am no acids 1-332 of
FIG 1 npl ligand 1-199 am no acids 1-199 of FIG 1
npl ligand 1-191 amno acids 1-191 of FIG 1 npl |igand-
1-183 amno acids 1-183 of FIG 1 nmpl ligand 1-174
am no acids 1-174 of FIG 1 30 npl ligand 1-163 am no acids
1-163 of FIG 1 npl | igangh 1-&63 «© am no acids 1-153 of
FIG 1 : mpl |igandgl- 1582 N afnd2acids 1-152 of FIG 1
npl ligand 1-151 am no aci dstd- 1§l off FIR N
-. Lo ow oo
S8 oo o o
O 6 6 O O 0O
kDa i | { 1 | !
_' Additional
116k — N-linked Chains
97k — - MGDF
1-174
66k —
- W -2
. L -1
45k~ g & ‘ @8 5
31k —
21k —

FIG.13
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mpl ligand 7-332 amino acids 7-332 of FIG 1 35 At

gand...
<7-199 amino acids 7-199 of FIG 1 mpl | {REFLACENBNT SHEET
amno acids 7-191 of FIG 1 . WD 96/ 2498
PCT/ US96/ 02492 A- 337B - 89 - 4 11 gan
npl |igand’ 7-183 amino acids 7-183 of FIG 1 ‘ gt 1?F%ar d
7-174 am no acids 7-174 of FIG 38 npl Ilua“'* 4163
am no acids 7-163 of FIG 1 - 86 - | i gand 7- 183 am no
acids 7-153 of FIG 1 5 npl ligand 7-152 am no_acrgs—7=152
of FI @HAL IS CLAIMED IS | Iigand 7- 151 amino acids 7-151 of FIG 1
12. An anal og according to any ai 8-11, which is the product
of expressi ol ANAP >Qéé}ﬂ§u§19amé h%@%eﬁmglﬁa& BEKAYHBY i cel | .

13. é@lﬁﬂﬂ&@gnéqﬁprfﬂéﬁkéélda %hglégodﬂﬁ€iéﬂ’bf megaka%?bgyﬁégaédaﬁdﬁ3 cell
I's a manmal i an Cel An analog of aim1, whichis

[ Asn[ ®ARFelars 82wh;e%1h [Qémqr 1SS pefpfif ;e@mif@r Qf( iapinphppdfE] oY Thrierr],

Asn[ err ] %0 rr r32; [err]
ol Sk oBiEk 865) bt TBY. JodAngnl AbixDBor mnx sl Lneor@2se fiapl o]
1- 199 amingQachdli @hcllsdmﬂa Rﬁ%dt}éﬁtooﬁnempl ebbgand cﬁe%lﬁnéﬁogéﬁ‘éﬁsnm at
Seque&%%s'cntﬂeeb'kﬁﬁYoéthn&ealc! nence shown in Fikp 14V %B@L&Qdaﬂ%)é dinRg
to Claim14, whereln lh &aryotlc cellf i's “mammalian.

16. Aran@rl@lgogszm@m bhen® i ongl ol ¥garst naireddsn'* Y1 mpkal Hogrdmal i an cell is
CHO. -

2. An analog of claim 1 wherein the modification is chosen from the
following (1) to (xvii):
(i) Asn?®,Thr??

(ii) Asn!'??, Thr'*?

(iii) Asn®},Thr®

(iv) Asn*®, Thr®?,Asn'?®, Thr'?

(v) Asn®, ser®®

(vi)  Thr!®®, Asn'®

(vii) Asn®,Thr®*,Asn®® ¥, Thr?’,Asn'?*®, Thr!*?
(viii) Asn*,Thr*?,Asn®s "', Thr’, Thr'¢*, Asn'®
(ix) Asn®*,Ala®

(x) Asn®®, Thr®®

(xi) Asn®?, Thr® ‘

(xii) Asn®',Thr®

(xiii) Thr'¢®,Asn'®*, Thrs*

(xiv) Asn®®,Ser??,Asn!?’,ser!®

(xv) Asn®®, Thr®’

(xvi) Asn®*®

(xvii) Asn®®,Thr’?,Asn'?,Thr'®?,asn®®, Thr’’, Thr'®®, Asn'®*, Thrs*

3. An analog of claim 1 or claim 2, which is the product of

expression of an exogenous DNA seqguence in a eukaryotic cell.

4. An analog of claim 3 wherein the eukaryotic cell is a mammalian
cell.

R 0 R



. 17. JAn anal og of npl ligand conprising an 30 anino ad"E»Z

. R R
conprises (a) substitution of any of the O i nkeg \enbiily 1 éilllrés
in nmpl ligand with an N-linked carbohydrate site; n
of * any of the N-linked carbohydrate sites in npl t
an O-linked carbohydrate site; (c) substitution of 35

O-1inked carbohydrate sites in npl |igand wth a

carbohydrate site; or (d) WO 96/g25498

PCT/ US96/ 02492 A-337B - 90 -

subst 4 Uti on f 2¥aoQf okNe1did | Nkt ARDRLIhBhRaBLARSel1 s chib BBL1LI gand
with a different N-li'nked carbohydrate 5

A DNA sequence encodi ng an anal og of npl Ilgand whi ch i ncl udes at

| east gpne addgg, e@xtcold‘iﬁﬁt tR8€analog aéé:@f%lti%% %I%Aghzlgﬁétof)r&a hltserlego 5.

gl ycosyl ation site guence encodi ng an
anal og of npl 10 | i gand according to any of C ains 1 11 and 13-17.

20. A gukaryofi qﬁ,q: I a seguen ccardi ng
to d al m 19 %1 %ﬂéﬁ etrclgah%é\n %éifcé%g% %ogtlth H‘ to express a% %%al og
of nplclagand.in a IEnner allow1ng the st A;eddnpgsetcpgﬁss;omprarahq:g; a@f mpl
therapgyéggl ly effective anmount of an npl |igand anal og accordi ng

to any o ainms 1-11 and 13-17 together with a pharmaceutically
accept abl e diluent, adjuvant or 20 carrier.

8. A pharmaceutical composition for stimulating or increasing the
production of megakaryocyte and/or platelets, which comprises a
therapeutically effective amount of the analog according to any one of
claims 1 to 5 in association with a pharmaceutically acceptable diluent,

adjuvant or carrier.
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