WO 95/ 26746 -1- COVPOSI TI ONS AND METHODS FOR STI MULATI NG MEGAKARYOCYTE
GROWTH ANDWSP $56R86NT| ATI ON 5 Field of thePCHUSIHOBHI® The
present invention relates to novel proteins, referred to herein
synonynmously as Ml I|igands or ME&DFs, that stimnmulate the growth of

megakar yocytes 10 and augnent the differentiaiion or maturation of
nmegakaryocytes, with the ultimate effect of increasing the nunbers of

pl atel ets. Al so prOV|degoﬁ§§§E§95§§S£§Df roéﬁ&th%?%em f%ﬁﬂ ns in

honbgeneous form from natural sources an cin y ‘reconbi nant 15
genetic engi neering tecﬁﬁﬁﬁﬁégyo¢ﬁT%n@E¢W¥ eﬁHRKRIFﬁHﬂﬁﬁﬂiéﬂﬁﬂN i nvention
broadly relates to a novel class of MGDF derivatives wherein an M3DF

nmol ecule is attached to a water sol uble polyner, and methods for preparing
such nol ecul es. In 20 yet another aspect, the present i nvention relates to
MGDF deri vatd ves wherein an : to one or nore

pol yet hyl ene glycol ("PEG') groups, and nethods of their preparation. 25
Background of the Invention At |east two broad areas of research are

invol ved in the present i&kenpresentThinvention aelates ¢a mevgdvel opment  of
negakaryocytesd? H@§GQ%6¥Er£¥hFHd“Hé%éf%ﬂs?hoﬂ&ﬁbﬁkﬁ&sasaﬂgltﬂ@gﬁﬁ&@”d

relates to a p pe de nenber of a gromﬂ ct Or receptor Z
referred to her%?ﬂ”§%F§he Staaie thed qrcﬁﬁﬁdgftﬁﬁﬁébﬁryﬁﬁgﬁ of these

areas of ra@earaﬁdma&¢mémnwﬁne differentiation or maturation of
megakaryocytes, with the ultimate effect of increasing

the numbers of platelets. Also provided are processes
for obtaining the proteins in homogeneous form from
natural sources and producing them by recombinant

15 genetic engineering techniques.

In another aspect, the present invention
broadly relates to a novel class of MGDF derivatives
wherein an MGDF molecule is attached to a water soluble
polymer, and methods for preparing such molecules. In

20 yet another aspect, the present inventioﬁ relates to
MGDF derivatives wherein an MGDF molecule is attached to
one or more polyethylene glycol ("PEG"™) groups, and
methods of their preparation.

25 Backaround of the Invention

At least two broad areas of research are
involved in the present invention. The first relates to
the development of megakaryocytes and subsequent

30 production of platelets, and the second relates to a
polypeptide member of a growth factor receptor family,
referred to herein as the Mpl receptor, and ligands
therecf. Each of these areas of research will now be
outlined in the following.

35



outlined in the follow ng. 35 WD 95/ 26746

PCT/US9%/ 03776 -2- A Platelet Production from Megakary éiaéyﬁﬁ

pl at el eVL0 23267 ﬁq rculating cells that are crucial for theog V on of

bl eedi ng and for blood 5 coagul ati on. Megakaryocytes are the cellul ar
source of platelets and arise froma conmon bone marrow precursor cel

whi ch gives rise to all hematopoietic celt2+tineages. This common precursor
cell is known as the pIurlpotent sten1ce|| or PPSC. 10 A

hi er ar chy of aAregRkakeDs 3 fdaakaxyobeeasdef i ned based on the
time of appearance and si ze of negakaryocyte (MK) col onies appearing in In
vitro culture systens in response to appropriate gromh factors. The
burst-form ng unit negBkeogoplaeeldid) 449 dixrculatting redilsprhatt ave
Tegakar YOOY! ErBEQIPNELOTKE bre e MG U phiUQUalG Wbl §BECRYOL P oduce
numer ous colony tformng unit nega aryocyt e are nore
dlfferenﬁﬁat@ﬁaﬁmﬁﬁﬁb@%nltMﬁgﬁkﬁqxpcwkﬁqI%?QMKh@epﬁéluﬁéér§9u§993@§uent 20

differenti atppatew@y 408 6at e aidnt tay ddmahdw@ makeswSpbEEuasEaEi re an
ability to endgiedu i caj e. Endoredupl.i %ﬁ gor egdon1 SIS) is the

phenonenon i St VRIGR FHYSLALSR K &nCeCBttcel | divisi on.
Endoredupl|ca1neagebt|nnmf&yaammnﬂtpredunsmdwéell is known as the

pluripotent stem cell or PPSC.

10 A hierarchy of megakz.yocytic progenitor cells
has been defined based on the time of appearance and
size of megakaryocyte (MK) colonies appearing in in
vitro culture systems in response to appropriate growth
factors. The burst-forming unit megakaryocyte (BFU~MK)

15 is the most primitive megakaryocyte'prdgenitor cell.
BFU-MK are thought ultimately t6 produce numerous colony
forming unit megakaryocytes (CFU¥MK), which are more
differentiated MK progenitor cells.

As the MK cells undergo subsequent

20 differentiation, they lose the ability to undergo
mitosis but acquire an ability to endoreduplicate.
Endoreduplication (or endomitosis) is the phenomenon in
cells of nuclear division in the absence of cell
division. Ehdoreduplication ultimately results in an MK

25 which is polyploid; Further MK maturation results in
acquisition of cytoplasmic organeiles and membrane
constituents that characterize platelets.

Platelets are produced from mature MK's by a
poorly defined process that has been suggested to be a

30 consequence of MK physical fragmentation, or other
mechanisms. Observations of extensive membranous
structures within megakaryocytes has led to a model c:I
platelet formation in which a demarcation membrane
system outlines nascent platelets within the cell body.

35 Another model of platelet formation has developed from
observations that megakaryocytes will form long



25 which is po |l oid. Further MK maturation results in ac U|S|t|on g
cyt opl asni Vi Gﬁéﬁ%gﬁles and menbrane constituents that characF&H{GFe30877
platelets. Platelets are produced frommature MK's by a poorly deflned
process that has been suggested to be a 30 consequence of M physi cal
fragmentati on, or other nechani snms. Observat+8rs of extensive nmenbranous
structures w thin nmegakaryocytes has led to a nodel of platelet formation

in which a demaicga asm&&bgaaeesséseabﬁstkwe&dr@@ t@i@é-ﬁ&ﬁéﬁwthl n

th Il bod 35 h t f ti I f
bbservati one i haRtFEJALe: 00 Haiah) PLABEREES igresungh b Brsaty off due 'O
cytoplasm c pro¢esbésodoﬁ§bW|ptedsateplanethe mazrmhlandwamﬂrnfwmm1mh|ch
pl atel ets presurﬁgl y b&g@@eo fa&ﬁ;@l ggcéggg\gpw&s?ser rrec#cg t he marrow

and/or in the Iung ‘These cyggtpgsnlc processes wer e proplatelets
by Becker ane D@Bpﬁ}ﬁtﬁéetéfbﬁcBthéFrap@e%%ﬂ%@&@r%%L#%ﬁ#e¢ﬁﬂﬁh64r|ﬂ atel et

formation. See %%'é%ine@n?r@%&w&? ré\msrmelﬂ@iet 1&::1&@;&( 197§ae FIG 1

presents an overview of the varlousﬁgrecursor cel li Lnvol ved
megakar yocyt e am§SHeLt @ngt DeBruyByefBifent s APRE-cEAP: a¥3§hé1?3F)reft hand
side of the figure represenics a Br&Sengsdahhevagtiewootl thel v&rious he ri ght

?Lath?sPSESELSO%gSCLE %Eecg Rge§39515%%+9ﬁ;mgégiaryocy e andrgiatél cel

development. The cell at the far left-hand side of the
figure represents a PPSC, and the additional cells to
the right of the PPSC in the figure represent BFU-MK,
followed by CFU-MK. The cell that is undergoing
endoreduplication, which is located immediately to the

15 right of the PPSC in the figure, is a mature
megakaryocyte cell. As a result of eridomitosis, this
cell has become polyploid. The next structure to the
right includes long cytoplasmic processes emerging from
the polyploid nucleus of the mature megakaryocyte cell.

20 In the far right-hand side of the figure are shown a
number of platelets that have been produced by
fragmentation of the cytoplasmic processes.

The following is a summary of some prior

publications relating to the above description of

25 nmegakaryocyte maturation and the production of '
platelets:

i. Williams, N. and Levine, R.F., British Journal of
Haematology 52: 173-180 (1982).
30
2. Levin, J., Molecular Biology and Differentiation of
Megakaryocytes, pub. Wiley-Liss, Inc.: 1-10 (1990).

3. Gewirtz, A.M., The Biology of Hematopoiesis, pub.
35 Wiley~-Liss, Inc.: 123-132 (1990).



endor edupl i cation, which is-located imediately to the 15 right of the
PPSC in the figure, is a mature negakaryocyte cel

endoni t WPIS26M6s cel| has become pol ypioid. The next strggfﬂ%%m@ 76 he
right includes |ong cytoplasmc processes energing fromthe polyploid

nucl eus of the mature negakaryocyte cell. 20 In the far right-hand side of
the figure are shown a nunber of pl atel et s4+hat have been produced by
fragmentation of the cytoplasm c processes. The following is a sunmary of
some prior pup)icatdons il atdth@alt.g the .aboveedaseni. peiaen3ohe25
rregakaryocyte mat ugﬁé o)n and the production of platelets: 1.° WIlians, N
and Levi ne, Ysh Journal of Haemat ol ogy 52: 173-180 (1982). 30 2.
Levin, J., Nblecular Bi ol ogy and Differentiation of Nbgakaryocytes, pub.

W ey-Liss, g A:M y. of

Hemat opoi esi s pubﬁle;]’}%'é (p Hang/ Eﬁwa%né a 1252-?35@% gg)?P

95/ 26746 S Med. 327: 1812-1813 (1992). PCT/ US95/ 03776 - 4- 4.

Han, Z.C., et al., Int. J. Hematol. 54: 3-14 (1991) . 5. Ni euwenhui s,

Eoﬁg,a&d,s'x”% @lq.%nN{,‘ianngg ‘]ntofg,@)s 11: 3349 (dab5,1812- 1813 (1992). 6.

B.

10

A large body of data generated in many
laboratories indicates that platelet production is !
regulated by humoral factors. The complexity of this
biological process was not originally appreciated and

15 currently it appears that a number of human growth
factors possess this capability.

Megakaryocyte regulation occurs at multiple
cellular levels. A number of cytokines enhance platelet
production by expanding the progenitor cell pool. A

20 second group of humoral growth factors serves as
maturation factors acting on more differentiated cells
to promote endoreduplication. In addition, there appear
to be two independent biofeedback loops regulating these
processes.

25 Several lineage nonspecific hematopoietic
growth factors exert important effects on MK maturation.
Granulocyte-macrophage colony stimulating factor.(GM—
CSF), interleukin-3 (IL-3), IL-6, IL-11l, leukemia
inhibitory factor (LIF), and erythropoietin (EPO) each

30 individually promote human MK maturation in vitro as
determined by their effects on MK size, number, or
ploidy. The MK maturational effects of LIF, IL-6, and
IL-11 are either partially (LIF and IL-6) or totally
(IL-11) additive to those of IL-3. Such data from these

35 prior publications suggested that combinations of
cytokines may be necessary to promote MK maturation in
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mat urati onal effects of LIF, IL-6, and IL-11 are either partially (LIF and
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prior publications sugoaved thgt q@BbAati98geyl Cytokines may be
necessary {8 pronote MK nmaturation in

9. Hoffman, R., Blood 74 (4): 1196-1212 (1989).

10. Mazur, E.M. and Cohen, J.L., Clin. Pharmacol.
Ther., 46 (3): 250-256 (1989).

15
11. Gewirtz, A.M. and Calabretta, B., Int. J. Cell
Cloning 8: 267-276 (1990).
12. Williams, N., Progress in Growth Factor Research 2:
20 81-95 (1990).

13. Gordon, M.S. and Hoffman, R., Blood 80 (2): 302-307
(1992) .

25 14. Hunt, P. et al., Exp. Hematol. 21: 372-281 (1993).

15. Hunt, P. et al., Exp. Hematol. 21: 1295-1304
(1893).

30 It has also been reported (see reference 16)
that human aplastic serum contains a megakaryocyte
colony stimulating activity distinct from IL-3,
granulocyte colony stimulating factor, and factors
present in lymphocyte-conditioned medium. However, the

35 molecule responsible for this activity was neither
isolated nor characterized in the prior art.
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al., Exp. Hematol. 21: 372-281 (1993). 15. Hunt, P. et al., Exp. Hematol.
21: 1295-1304 (1993). 30 It has al so been reported (see

reference_16) that human_apl astic serum contains a megakaryocyte col ony
stlnulatlﬁg deti Q&FyﬁgasgﬁﬁéP;PFon1lL-3, granul ocyte col ony stimulating
factor, and factors present in |ynphocyte-conditioned nedium However, the

o The myeloproliferative leukemia virus (MPLV)

is a murine replication-defective retrovirus that causes

acute leukemia in infected mam-als. It has been

10 discovered that a gene express. i by MPLV consists of a
part of the gene that encodes ...e retroviral envelope
(or external protein coat) of the virus fused to a ¢
sequence that is related to the cytékine receptor
family, including the receptors for GM-CSF, G-CSF,

15 and EPO. _

Expression of the MPLV gene described above
has the interesting biological property of causing
murine progenitor cells of various types to immediately
acquire growth factor independence for both

20 proliferation and terminal maturation. Moreover, some
cultures of bone marrow cells acutely transformed by
MPLV contained megakaryocytes, suggesting a connection
between the MPLV gene and megakaryocyte growth and
differentiation.

25 It is now recognized that the MPLV viral gene
(referred to as v-Mpl) has a homolog in mammalian cells,
which is referred to as a cellular Mpl gene (or c-Mpl).
Using v-Mpl-derived probes, a cDNA corresponding to the
human c-Mpl gene was cloned. See PCT published

30 application WO 92/07074 (published April 30, 1992;
discussed below). Sequence analysis has shown that the
protein encoded by the c-Mpl gene product belongs to the
highly conserved cytokine receptor superfamily, just
like the homologous v-Mpl gene product.

35 This cellular gene, c-Mpl, is thought to play
a functional role in hematopoiesis based.on the
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murine replication-defective retrovirus thatycauses acute |leukema in

infected nammals. It has been 10 discovered that a gene expressed by MPLV
consists of a pard, o4 i&f '&EALE ihate %n%%sr ebhayl ial penyel ope (or
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the cytoki ne rBREpPHr $RIESRy, ant|fivhiadg 1tlﬁ’é”?r éc?@ﬁ‘t PEMRY, MERERE G CSF, 15
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bi ol ogi cal property, of cau3| roggnitor cells pes to
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acutely transfgrlggg ﬁé/l% gié'ﬁeal qﬁgnaquﬁl&}r oG\t %§P0§ggggs%hngbg4

connecti on betWween t ne ‘and megaka te g
differentiati opesisive cells, ingkudipg@wnd megakaryecykes\PRY vir al

gene (referred,igr&fets Ml dniﬂ@sls'i ahpraa{tqggém thaRalsi apdeehksvewbicch is
referred to as a cellular M) gene (or c-Ml)
early hematopoietic progenitor ‘cells. Furthermore,

10 exposure of CD34 positive cells to synthetic
oligodeoxynucleotides that are anti-sense to the c-Mpl
mRNA or message significantly inhibits the colony
forming ability of CFU-MK megakaryocyte progenitors, but
has no effect on erythroid or granulomacrophage

15 progenitors.

The above data and observations suggest that
c-Mpl encodes a cell surface molecule, referred to
herein as the Mpl receptor, which binds to a ligand,
that activates the receptor, possibly leading to

20 production and/or development of megakaryocytes.

PCT patent publication WO 92/07074 is directed
to tﬁe sequence of the protein produced by the c-Mpl
gene, from both human and murine sources. This gene
product, which is thought to be a receptor as explained

25 above, is made up of at least three general regions or
domains: an éxtracellular domain, a transmembrane
domain, and an intracellular (or cytoplasmic) domain.
Attached together, these domains make up the intact Mpl
receptor. This PCT publication also refers to a soluble

30 form of the receptor that substantially corresponds to
the extraceilular domain of the mature c-Mpl protein.
The intracellular domain contains a hydrophobic region
that, when attached via the transmembrane region to the
extracellular domain of the protein, renders the overall

35 protein subject to aggreéation and insolubility. On the
other hand, when the extracellular domain of the c-Mpl
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encoded by the c-Ml gene product belongs to the highly conserved cytokine
receptor superfamly, just |like the honol ogous v-Ml gene product. 35

This cellular gene, c-Ml, is thought toTtay a functional role in
henat opoi esi s based on the WO 95/ 26746

PCT/ US95/ 0373€ne 7prodiset vis | sepadatted tfrcnx phes sirensmesbianaddomabone

marrow, spleghy gRd Ix‘?&@écéiiﬁﬂaf rdHH%‘H Ml @e‘é%m@é BB 8! Ohenpé ot ecti on

and RT-PCR experinents, but . not i1n other tissues. artlcular c-Ml is
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cel lul ar geng,"gunﬁ51§uh£5rmléfeengwxaagiﬂdi CD34 positive cells, including
purified&gegakaryocyte 88¥£ate ets. CD34 is an antigen that |s
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anti-sense tg_ %gﬂw% g@&ﬁﬁ? lefgl.cantly inhibits the col ony
form ng ablllt§pgf§%§fé %i ryocyte p ogenltors but has no effect on
~erythroid or granulonacrophage 15 progenitors. The above data and
observationsiguggrehdlhag, F., et al., Leukemia 3 (7): 475-480

10 (1989) .

18. Wendling, F., et al., Blood 73 (5): 1161-1167
(1989) .

15 19. Souyri, M., et al., Cell 63: 1137-1147 (1990).

20. Vigon, I., et al., Proc. Natl. Acad. Sci. USA 89;
5640~-5644 (1992).

20 21. Skoda, R.C., et al., The EMBO Journal 12 (7):
2645-265: (1993).

22. Ogawa, M., Blood 81 (11): 2844-2853 (1993).
25 23. Methia, N., et al., Blood 82 (5): 1395-1401 (1993).

24. MWendling, F, et al., Blood 80: 246a (1993).

30 D. Ihe need for ap agent capable of stimulating
platelet production.

It has been reported reéently that platelet
transfusions are being administered at an ever
35 increasing rate at medical centers in North America,
Western Europe, and Japan. See Gordon, M.S. and
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|nsolub|I|ty On_the ot her e extrac dormai n of the
c- Mol VO 95/?6716 epldemlc have also contributed to the heavy demand
PCT/ US95/ 03776 o8- tgenplatemuﬁtsuppsgparated fromthe transmenbrane donain
and the intracel |l ul ar becones sol ubl e ence the extr l.ul a
formof the protein |s re éFF@&eFouﬁggﬁ °§5FbBPeWI€% ?h?rﬁP?%£§$§%ﬁY 5

The foll ow Xy | sfatsansaipsddbnsofictpe imany blood-born infectious
diseases as well as alloimmunization. Moreover, the

production of purified platelets is an expensive
endeavor and hence the increasing use of such platelets
increases overall medical costs. As a result, there
15 exists an acute need for new and improved methods for
producing platelets for human uses.
Exemplary prior approaches to enhancing
platelet production are described in the following:
U.S. patent 5,032,396 reports that
20 interleukin-7 (IL-7) is capable of stimulating platelet
production. Interleukin-7 is also known as
lymphopoietin-1 and is a lymphopoietic growth factor
capable of stimulating growth of B- and T-cell
progenitors in bone marrow. Published PCT application
25 serial number 88/03747, filed October 19, 1988 and
European patent application number 88309977.2, filed
October 24, 1988 disclose DNA's, vectors, and related
processes for producing mammalian IL-7 proteins by
recombinant DNA technology. The data presented in the
30 U.S. patent show that IL-7 can increase circulating
platelets in normal and sublethally irradiated mice.
U.S. patent 5,087,448 discloses that
megakaryocytes and platelets can be stimulated to
proliferate in mammals by treating them with
35 interleukin-6. Recombinant human interleukin-6 is a
26,000 molecular weight glycoprotein with multiple
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remains a strong need for new stimulators of
megakaryocytes and/or platelets in mammals.
10 |

Proteins for therapeutic use are -currently

15 available in suitable forms in adequate quantities
largely as a result of the advances in recombinant DNA
technologies. Chemical derivatives of such proteins may
effectively block a proteolytic enzyme from physical
contact with the protein backbone itself, and thus

20 prevent degradation. Additional advantages may
include, under certain circumstances, increasing the
stability and circulation time of the therapeutic
protein and decreasing immunogenicity. However, it
should be noted that the effect of modification of a

25 particular protein cannot be predicted. A review
article describing protein modification and fusion
proteins is Francis, Focus on Growth Faétors 3: 4-10
(May 1992) (published by Mediscript, Mountview Court,
Friern Barnet Lane, London N20, OLD, UK).

30 ' Polyethylene glycol ("PEG" or "peg”) is one
such chemical moiety which has been used in the
preparation of therapeutic protein products. For
example Adagen®, a formulation of pegylated adenosine
deaminase is approved for treating severe combined

35 immunodeficiency disease; pegylated superoxide dismutase
has been in clinical trials for treating head injury;
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Stimiated to pPORFEArR: S PneTRNMEPL by Srod T ﬁ%ﬁﬂ%rf' e 90,39, °e

i nterl euki nt®. DRedenktnait, hunan—m:txemd:@euki@ ﬁol@@p&&émo' rﬁ[ﬂsmad ar

wei ght 9'yCOprOb%EQmWEE“1§P'Eb9b? and U.S. Patent No. 4,002,531, Royer,
"Modifying enzymes with Polyethylene Glycol and Product
Produced Thereby,” issued January 11, 1977. For a
review, see Abuchowski et al., in Enzymes as Drugs.

15 (J.S. Holcerberg and J. Roberts, eds. pp. 367-383
(1981)).

Other water soluble polymers have been used to
modify proteins, such as copolymers of ethylene
glycol/propylene glycol, carboxymethylcellulose,

20 dextran, poiyvinyl alcohol, polyvinyl pyrrolidone,
poly-1, 3~-dioxolane, poly-l,3, 6-trioxane, ethylene/maleic
anhydride copolymer, and poly aminoc acids (either
homopolymers or random copolymers) .

For polyethylene glycol, a variety of means

25 have been used to attach the polyethylene glycol
molecules to the protein. Generally, polyethylene
glycol molecules are connected to the protein via a
reactive group found on the protein. Amino groups, such
as those on lysine residues or at the N-terminus, are

30 convenient for such attachment. For example, Royer
(U.S. Pat. No. 4,002,531, above) states that reductive
alkylation was used for attachment of polyethylene
glycol molecules to an enzyme. EP 0 539 167, published
April 28, 1993, Wright, "Peg Imidates and Protein

35 Derivates Thereof” states that peptides and organic
compounds with free amino group(s) are modified with an
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Addltlona% advant ages na

I n¢l ude, . under_certain circunstances, .i,ncreasing
the stabi Pi t FEEAESAELCE: PAYEERELERS (LY Gk MEKERYRE S Voho o alhd v
decreasi ng i mmimegemoupisy. However, it should be noted that the effect of
nodi fication of a 25 rticular.pr i not, i . revi ew
article describing pr oltqgllen s%&% ilg:aglhgﬁgg%gg%gs?gﬁt%%g?"gl&th%gi%a‘lér anci s,
Focus on G owmeenFabesically/medified is granulocyte colony

stimulating factor, "G-CSF." See European patent
10 publications EP 0 401 384, EP 0 473, 268, and EP 0 335
423, _ _
Another example is pegylated IL-6, EP 0 442 {

724, entitled, "Modified hIL-6," (see co-pending
U.S.S.N. 07/632,070) which discloses polyethylene glycol
15 molecules added to IL-6. EP 0 154 316, published
September 11, 1985, reports reacting a 1ymphokine with
an aldehyde of polyethylene glycol. _
The ability to modify MGDF is unknown in the
art since the susceptibility of each individual protein
20 to modification is determined by the specific structural
parameters of that protein. Moreover, the effect of
such a modification on the biological properties of each
protein is unpredictable from the art. Because of the
many clinical applications of MGDF, as set forth herein,
25 a derivatized MGDF produét with altered propertiés is
desirable. Such molecules may have increased half-life
and/or activity in vivo, as well other properties.
Pegylation of protein molecules will generally
result in a mixture of chemically modified protein
30 molecules. As an illustration, protein molecules with
five lysine residues and a free amino group at the N-
terminus reacted in the above methods may result in a
heterogeneous mixture, some having six polyethylene
glycol moieties, some five, somé four, some three, some
35 two, some one and some zero. And, among the molecules
with several, the polyethylene glycol moieties may not
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10 would be disadvantageous when developing a therapeutic
pegylated protein product. In such development,
predictability of biological activity is important. For
example, it has been shown that in the case of |
nonselective conjugation of superoxide dismutase with

15 polyethylene glycol, several fractions of the modified
enzyme were'completely inactive (P. McGoff et al. Chem.
Pharm. Bull. 36:3079-3091 (1988)). See also, Rose et
al., Bioconjugate Chemistry 2: 154-15% (1991) which
reports the selective attachment of the linker group

20 carbohydrazide to the C-terminal carboxyl group of a
protein substrate (insulin). One cannot have such
predictability if the therapeutic protein differs in
composition from lot to lot. Some of the polyethylene
glycol moieties may not be bound as stably in some

25 locations as others, and this may result in such
moieties becoming dissociated from the protein. Of
course, if such moieties are randomly attached and
therefore become randomly dissociated,.the
pharmacokinetics of the therapeutic protein cannot be

30 precisely predictable.

Also highly desirable is a derivatized MGDF
product wherein there is no linking moiety between the-
polymer moiety and the MGDF moiety. One problem with
the above methods is that they typically require a

35 1linking moiety between the protein and the polyethylene
glycol molecule. These linking moieties may be
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4,002, 531, above) stat dsmekhedr duvelvieg ardylinking weoumsd® f or attachnent
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April 28, 1993, Wi "Peg | mdates and Protein, 35 rivates Thereof"

states that BBﬁFWB@guéhﬁaﬁ$gaﬁ?CV%¥RwRﬁHﬂﬁ9Xﬂtﬂ?'ﬂﬁ§§a§ﬁFﬁ8ngP89p(s) are
nmodi fied wtBteaategi¥® H6t 26rdeir 2stdb Xiadaa idai" @Eds\ e AblerREG @ rel at ed

Febr uary 27, 320 8aRRErE ¥ CL ik AeRin SRS ndS8r of 1 yeine.
residues in pedgedaseforlt htCoupting ol RE® It p@nodelipl Sye Agkjvekiapl ecul es
via reactiVveyitn Tresyl Chloride, Applications In Immunoaffinity
10 Cell Preparation”, In: Fisher et al., ed., Separations
Using Aqueous Phase Systems, Applications In Cell
Biology and Biotechnology, Plenum Press, N.Y., N.Y. 1989
pp. 211-213 involves the use of tresyl chloride, which
results in no linkage group between the polyethylene
15 glycol moiety and the protein moiety. This method may
be difficult to use to produce therapeutic products as
the use of tresyl chloride may produce tozxic
by-products.
Chamow et al., Bioconjugate Chem. 5: 133-140
20 (1994) report the modification of CD4 immunoadhesin with
mono-methoxy-polyethylene glycol ("MePEG glycol")
aldehyde via reductive alkylation. ' The éuthors report
that 50% of the CD4-Ig was mePEG-modified by selective
reaction at the O-amino group of the N-terminus. Id. at
25 page 137. The authors also report that the in vitro
binding capability of the modified CD4-Ig (to the
protein gp 120) decreased at a rate correlated to the
extent of MePEGylation. JIbid.
Thus, there is a need for MGDF
30 derivatives, and, more particularly, a need for
pegylated MGDF. There also exists a need for methods to
carry out such derivatization.

35
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Z€ero. And, amni%&uhc 1%[%1 %:L{h other factors. They may also be produced

by recombinant genetic engineering techniques. Mpl
ligands may further be synthesized by chemical
techniques, or a combination of the above-listed

15 téchniques.

The Mpl ligands of this invention are
obtainable in their native form from mammalian sources.
Two exemplary Mpl ligands isolated from canine aplastic
plasma are described in the examples section herein.

20 However, it is demonstrated in other examples herein
that closely related Mpl ligands are present in aplastic
plasma from both human and porcine sources. Notably,
the activity of each of the human, porcine, and canine
Mpl ligands is specifically inhibitable by the soluble

25 form of the murine Mpl receptor, demonstrating that all
of these Mpl ligands (as well as those from other
mammalian sources, including murine) are closely related
both on structural and activity levels.

It is expected that human, porcine, and other

30 mammalian Mpl ligands, may be isolated from natural
sources by procedures substantially as detailed herein.
See Example 10. Accordingly, this invention generally
encompasses mammalian Mpl ligands, such as from dogs,
pigs, humans, mice, horses, sheep, and rabbits.

35 Particularly preferred Mpl ligands are those from dogs,
pigs and humans.
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modi fied enzyne were conplete I nactive em Pharm
Bul | . 36: 307%es00 feteggdppd seehavgoaC%%btséti!wa caglobagatyAsBaheni stry

2: 154-159 (1@e%) Ew@mgallerqport@nébe §64€éhtee @iff?ecﬁrmmtua‘ut he 1inker
group 20 carbo&%’a%&% ge %erm naIr c %/1 %%of a.protein _
substrate (i n<H Xﬁnb REYRY SQ¥RT (R SRR &ifer apeut i ¢
protein diffemamonamddpseqhenaeéuonThetidentrmalSmumtxﬁnsIhaq@olyethylene
glycol i et T4 "eb BeyPREBHoPSE B4 20! ¥nd MSP Figands are also
10 referred to herein as Megakaryocyte Growth and
Development Factors (MGDFs); all general references to
Mpl ligands shall apply to those referred to herein as ‘_
MGDFs and vice versa. By "MGDF polypeptide” is meant a
polypeptide that has an activity to specifically
15 stimulate or inhibit the growth and/or development of
megakaryocytes. Exemplary such polypeptides are
disclosed herein. '
The Mpl ligands of the present invention have
been found to be specifically active in the
20 megakaryocyte lineage, augmenting maturation and/or
proliferation of megakaryocytes, as demonstrated in the
assays of Examples 2 and 4 below. By "specifically" is
meant that the polypeptides exhibit biological activity
to a relatively greater degree towards megakaryvocytes as
25 compared to many other cell types. Those that are
stimulatory towards megakaryocytes are expected to have
an in vivo activity of stimulating the production of
platelets, through the stimulation of maturation and
differentiation of megakaryocytes.
30 Two preferred Mpl ligands from a canine source
have apparent molecular weights of approximately 25 kd
and 31 kd as determined by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) under non-
reducing conditions. Both proteins are purified during
35 the same purification piotocol which is detailed in the
examples section below.



25 locations as others, and this may result in such noietie

di ssoci at eV ?¥W74éhe protein. O course, if such noieties arécggﬁ%,ﬁml”
attached and therefore becone randomy dissociated, the pharnacoklnetlcs of
the therapeutic protein cannot be 30 precisely predictable. Al so highly

desirable is a derivatized MEDF product wher&llr there is no linking noiety
bet ween the polyner noiety and the MEDF noiety. One problemw th the above

met hods i s that they typl@%';yré%&é& Farddh 11ﬁ§ﬂdsg Moepet-1 helweenrthe
protei n and the pol nnlecule | nkKi '

| ene coI nki ng _nojeties nmay be
WD 95/ 26746 - 1427 %91‘1 ch aming 85145 48y ﬁf‘%éw?%ﬁﬁﬁka?ﬁg%pu ng a
t herapeutic promdnruné&unﬂﬂgxh|2mudmmnmgamdd pokiatdvegr signad peptidbed in

Francis el al . pldse "SAAN d&és{r%{ PRI rANTLAGBIRLAIES: uEDFYLSYO

pat hways of degra i on~an proteln sta i zation" (Eds.
Ahern., T. &nd mrﬁh@ﬂnl\#rcf)lqli-erimnaﬂde\ﬂwork 1991) Al so, Delgado et al.
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use of tresyl Ct géégg fgggxﬁgmmallan sources, preferably whole blood,

10 serum or plasma. Aplastic blood, serum or plasma are
especially preferred starting materials. Aplastic
blood, serum or plasma may be obtained by a process
involving irradiating a mammal with a radiation source
such as cobalt-60 at a radiation level of about 400-800

15 rads so as to render them aplastic. Such a procedure is
known in the art, as exemplified in the publications
cited in Example 1 below. In the case of humans,
irradiated blood, plasma, or serum may be obtained from
a patient after radiation therapy, e.g., to treat

20 cancer.

Thereafter, the aplastic blood, serum or
plaéma is subjected to a purification process. The
purification process provided by the present invention
comprises the following key procedures: lectin affinity

25 chromatography and Mpl receptor affinity chromatography.
Each of these procedures results in an approximately
300-500-fold purification of the 25 and 31 kd proteins
from canine aplastic plasma. Other standard protein
purification procedures may be included with the above

30 procedures to further purify the Mpl ligands of the
present invention, such as those procedures detailed
below.

Another aspect of the present invention
includes polynucleotides that encode the expression of a

35 mammalian Mpl ligand prbtein. Such DNA sequences may
include an isolated DNA segquence that encodes the
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(i.e., for expression in the host cell chosen for expression
(e.g., E. coli or CHO cells). '
10 Also provided by the present invention are
recombinant DNA molecules, each comprising vector DNA
and a DNA sequence encoding a mammalian Mpl ligand. The ‘
DNA molecules provide the Mpl ligand DNA in operative
association with a regulatory sequence capable of
15 directing the replication and expression of Mpl ligand
in a selected host cell. Host cells (e.g., bacterial,
mammalian insect, yeast, or plant cells) transformed
with such DNA molecules for use in expressing a
recombinant Mpl ligand protein are also provided by the
20 present invention.
The DNA molecules and transformed cells of the
invention are employed in another aspect, a novel
process for producing recombinant mammalian Mpl ligand
protein, or peptide fragments thereof. In this process
25 a cell line transformed with a DNA sequence encoding
expression of Mpl ligand protein or a fragment thereof
(or a recombinant DNA molecule as described above) in
operative association with a suitable regulatory or
expression control sequence capable of controlling
30 expression of the protein is cultured under appropriate
conditions permitting expression of the recombinaht DNA.
This claimed proces may employ a number of known cells
as host cells for e.pression of the protein. Presently
preferred cell lines for producing Mpl ligand are
35 mammalian cell lines (e.g., CHO cells) and bacterial
cells (e.g., E. coli). |
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structural and Act LypTy(laleBl. M‘F’?Ff%u’&?k’s"l%og‘i%t brﬁlr%Fsytp aC4Td

ot her 30 rrambfaahybinatuganﬂﬁotéﬁy) be Aswd ptmrk f ficrauiain e tmurces by
procedures substanti a

this invention 8598?8# éxgﬁﬁgﬁ%ggé g%%ﬁ%?fﬁﬁP %ﬁlqgg%h%g gﬁg%ggglpgly
dogs, pigs,1thunahe, terménamoMe'esLysheeap;dm maasbthet semgyreddnt i cul arly
preferred Ml |i9a0d58ECwiPRSEn T ERSYHOUSucR 45 ANl JupEifase (e.g.,
cathepsin C).
The expressed Mpl ligand protein is then
harvested from the host cell, cell lysate or culture
15 medium by suitable conventional means. The conditioned
medium may be processed through the same purification
steps or modifications thereof as used to isolate the
Mpl ligand from aplastic plasma. (See Example 7).
In a still further aspect of the present
20 invention, there are provided recombinant Mpl ligand
proteins. These proteins are substantially free from
other mammalian materials, especially proteins. The Mpl
ligand proteins of this invention are also characterized
by containing one or more of the physical, biochemical,
25 pharmacological or biological activities described
herein,

The present invention also relates to
chemically modified MGDF comprised of a MGDF protein
moiety connected to at least one water soluble polymer,

30 and methods for the preparation and use of such
compositions. In particular, the present invention
includes chemically'modified MGDF wherein the MGDF_
species is reacted with reactive polyethylene glycol
molecules so as to attach PEG to MGDF. Such attachment

35 may be accomplished by pegylation reactions discussed
herein, such as acylation or alkylation. Acylation or
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addi ti ORyg @486 €NCOdi ng human Mol |igands have been cl ongeridesjgseuman
fetal kidney and liver libraries and sequenced, as set forth in the Exanple

section below. Two human pol ypepti de sequences have 5 been determned to
have activity in a cell-based assay (see Exanple 4). These sequences differ
in their length, but have identity over ézparge stretch of their amno acid
sequences. The identical portions have honol ogy to erythropoietin. The Ml

| i gands are alkplabieefeitkPEG may & earmiegaleaty yoder croddihieng

Devel opent fastebs AEDRS)or Biodifherd roopediaatetiOol! |igands shal |
apply to those referigggéo herei n as ers MGDF

MGDFs and vi.ce y . By "
pol ypept i de" PPEYREEH ol yrehrResy ation, gengral i&PF?iyﬁsspecifically 15 .
stimul at e or akhachment hef gREG to dity ®-addnel gpoeps of hegide@r yocyt es.

Ex | ' | in. . l, Li f th
present 1hvesrrodukSvihe sy Mdall fEAS, IRIVE, phgaRon' R PR "0 "°
megakar yocyt §-tenmiges afighkeitpoiypentide. oMoaopegylptdbhf er ati on of

megakaryocyt gsef@alegOisyo Bbédl dttddinetits S PRl EvAFRleCo-amdnd 4 bel ow. By
"specifically" is meant that the pokégeptldes exhi bit biological activity

to a rel ati vBF§uBr 8kt kRe gk eeniniim s they protpddyt eThgsv2sldoARdred to
many ot her cabhob¥festy TbPSsudatordpegylation reaction may be

10 enhanced via a type of reductive alkylation which
selectively modifies the a-amino group of the N-terminal
residue of an MGDF protein moiety, thereby providing for !
selective attachment of a water soluble polymer moiety
at the N-terminus of the protein. This provides for a

15 substantially homogeneous preparation of polymer/MGDF
protein conjugate molecules as well as (if polyethylene
glycol is used) a preparation of pegylated MGDF protein
molecules having the polyethylene glycol moiety directly
coupled to the protein moiety.

20 Another aspect of this invention provides
pharmaceutical compositions containing a therapeutically
effective amount of isolated naturally-occurring or
recombinant Mpl ligand, which may be derivatized with a
water soluble polymer such as polyethylene glycol, along

25 with a pharmaceutically acceptable carrier, diluent, or
excipient. These pharmaceutical compositions may be
employed in methods for treating disease states or
disorders characterized by a deficiency of
megakaryocytes and/or platelets as well as an in vivo

30 deficiency of the Mpl ligand. They may also be employed
prophyléctically to ameliorate expected megakaryocyte or
platelet deficiencies (e.g., due to surgery).

Thus, the Mpl liéands of the present invention
may be employed in the treatment of aplastic anemias,

35 e.g.; to augment production of platelets in patients
having impaired platelet production (such as AIDS



of stinmula (Hﬁm?ﬁg production of platelets, through the sti

mat uration and differentiation of nmegakaryocytes. 30

preferred Mpl ligands from a cani ne source have apparent nol ecul ar wei ghts
of approximately 25 kd and 31 kd as determ fA2t~by sodi um dodecyl sulfate
pol yacryl am de gel el ectrophoresis (SDS-PAGE) under non- reducing

condi t i Fn\?\h Bﬁtﬁhtp?remtfsi lra&dq:raitxwu' s isf iu(ﬁdefigbﬁag 85n&b§ ?Béﬁow&i\}%ﬁﬁ; i28n A
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serum or plasma may be ol afurerhdyy sspeoic oS tihevdnviengibny athatefigra, mamal
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10 states resulting from a deficiency of platelets by
administering to a patient a therapeutically effective
amount of a pharmaceutical composition as described
above. These therapeutic methods may include
administration, simultaneously or sequentially with Mpl

15 ligand, an effective amount of at least one other
megakaryocyte colony stimulating factor, a cytokine
(e.g., EPO), a soluble Mpl receptor, hematopoietin,
interleukin, growth factor, or antibody.

Still another aspect of the present invention

20 provides antibodies (e.g., polyclonal, monoclonal,
humanized, and recombinant), and antibody fragments,
directed against (i.e., reactive with) a mammalian Mpl
ligand or a ligand fragment. As part of this aspect,
therefore, the invention includes cells capable of

25 secreting such antibodies (e.g., hybridomas in the case
of monoclonal antibodies) and methods for their

- production and use in diagnostic or therapeutic
procedures,
Another aspect of the invention is an assay of

30 a body fluid for the presence of Mpl ligand. Such an
assay could employ antibodies that specifically
recognize an Mpl ligand, in a single antibody or
"sandwich" format. Such an assay could be used to
determine whether a patient needs external

35 administration of Mpl ligand and/or whether such patient
is likely to experience a platelet deficiency or



15 rads so as to render them aplastic. Such a procedure is known in the
art, as exenplified in the publications cited in Exanple 1 bﬁ%ﬁﬁ@ yg t he
case of #6746 | r adi at ed bl ood, plasma, or serum nmay be F&5 ¥ rom a
patient after radiation therapy, e.g., to treat 20 cancer. Thereafter, the
apl astic blood, serumor plasma is subjected to a purification process. The
purification process provided by the presep2-invention conprises the
foll ow ng key procedures: lectin affinity 25 chromat ography and M

receptor affididorddt OMehRar aBkKysFael18f bbheas1RdOgetyr£ski€sults in an .
approxi mat el y_300-500-fql d ,purification of the Zg and 31 kd proteins from
cani ne apl astiTHtas i PP3AGAVE pREt REBALLYS f FREFJSpr ocedur es may
be included warthivduy @lemie andpoaheduseantiarduxitecomponényts he Mol |igands
of the present inventi t r [ taile . Anot her
aspect of the present 3%95%?%%ﬁﬁ$ﬁ§¥3§§§gggﬁéggggéog?dgggtﬁgggéﬁ%gde t he
expressi of ofinvegE intmwillilapeVpbrargaidupedt epnsiderat om et ditheices may

i ncl ude an i {5k ANy et ) d A6 |
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descri bed herté¥s¥efhe DNA sequences may also include 5 and 3' mammalian
non- codi ng sequences fl anking the Ml I|igand -

Brief D ot £ the Fi

10
Numerous features and advantages of the (
present invention will become apparent upon review of S
the fiéures, wherein:
15 FIG. 1 depicts an overview of development and

maturation of megakaryocytes and platelets.

FIG. 2 demonstrates that soluble murine Mpl
receptor substantially completely inhibits the ability
20 of plasma from irradiated dogs (“aplastic canine” or
"APK9"), to induce megakaryocyte development. The assay
for megakaryocyte development was that described in
Example 2.

25 FIG. 3 shows that an activity enriched from
APK9 by lectin affinity and Mpl receptor affinity
chromatography procedures ("Mpl ligand?) stimulates the
growth of 1A6.1 cells and that soluble murine Mpl
receptor blocks that growth. '

30
FIG. 4 :~ows an overview of the purification
steps involved in ;uarifying the 25 and 31 kd forms of
the canine Mpl receptor from aplastic canine plasma.
35 FIG. 5 shows the purification of Mpl ligand by

reversed phase HPLC (RP-HPLC). Fraction 21 contains



codi ng sequence. The DNA sequences may further encode 5 an am no }og_;w nal
si gnal pepMYW26H6ch sequences may be prepared by any known FfeYHRF0S77

i ncl uding conplete or partial chem cal synthesis. The codons may be

optim zed for expression in the host cell chosen for expression (e.g., E
coli or CHO cells). 10 Al so prov2sled by the present invention
are reconbi nant DNA nol ecul es, each conprising vector DNA and a DNA

sequence encodlﬂlg;mw@vmlﬂl@a Mal ki &amdhaaﬁdﬂ\l&aeéﬁsﬂl@ﬁ SsRva fies taie Ml
ligand DNA in l_ﬁé‘ratlve as%éan 3t|on wth_a requla % equence cgable of
15 directing t SanddeRPAeé3i bl l!\é) Péﬁnda’i‘ tE% ed
host cell. I—bstzazeidrﬂ:a(msghlg{na@t purdlfiedangfakdaMpl nsgéndyeast, or pl ant
cells) transformed with such DNA nol ecul es for use in expressing a

reconbi nant Ml |igand protein are also provided by the 20 present
i nvention. ¥he DNA nol ec FES. ehdhawansf eonpdrdsions off Mpheligaadti on are

enpl oyed in ancgt&q_rvﬁs&%ctm %e%‘f%b PhQQ@SﬁPf,Qr (88 08YLhM) ' LA St
manmal i an Mpl 11 gand protein ments thereof. In this process

25 a cell Ilné;l’(%r?é’fnc‘}raﬁé’dt\kiet gggﬂA%ea&e eeMBﬁcbﬂ‘F?@deR’b?"e“s%‘i’%n of Ml

| igand protein or a fragnment thereof (or a reconbinant DNA nol ecul e as

descri bed above) in oper%tieé/ sDOC' atl Lon mgélrao§u' tggkgr gjtggory or
capa in

expressi on control sequenc XSyt (?or?tu exp ron of the
protein isleul tgmeijmmﬁérroapmudpulraseocoﬁaaﬂraﬂsepmm periphexpt asboeth of

the recombi nant. st 16 R TRA B RERSS {BY ﬂgéea én@u@ﬂo@é SO
cells as host cfe torfsor expression of t pr ot el Presently
ac

FIG. 8 shows the number of total leukocytes
15 produced from cultures of CD34-selected peripheral blood
cells stimulated with APK9, Mpl ligand and various other

factors.

FIG. 9 shows the percentages of megakaryocytes
20 that are produced in cultures of CD34-selected
peripheral blood cells stimulated with APK9, Mpl ligand
and various other factors.

FIG. 10 shows that human IL-3 is not involved
25 in Mpl ligand-induced megakaryocyte development.

FIG. 11 shows the cDNA and deduced amino acid
sequences of human MGDF-1 and MGDF-2.

30 FIG. 12 shows the cDNA and deduced amino acid
sequences of human MGDF-3.

FIG. 13 shows a comparison between-MGDF-l and
MGDFs (Mpl ligands) from a canine source (A) and a

35 murine source (B).



preferred cell lines for producing Ml ligand are 35 manmmalian cell |ines
(e.g., CHO cells) and bacterial cells (e.g., E. coli) . WO 95/ 26746

PCT/ USO5WM@PBR674610- For E. coli production of Mpl |igand, PCEUSISHIT o 1 ed
to enploy Met and Lys residues at the N- term nus of the protein to be
expressed, since the yield of expression product is typically higher. A5
particularly preferred expression product-24- Met - Lys human MGDF having a
total of 165 amino acids (i.e., Met- 2- Lys[err][1-163] MGDF(numbering from

the first am no acid ofgide 1rmt§1{dg,soraglt @xta)npléf ber M@yfl gbyggtpgn of the
product expressed in aépacterlal t er m nal

Vet -Lys robi dRe s etcasved inyatrul (RRO FERIT SHEARR SAPIS o
di pepti dase (m@qu—@td’l@p&hgl@he ghgceipteossesulblinigawllyprotein is then

harvested fr |, cell lysate or culture 15 nmedium by suitable
conventlonalq%%%ffaégai fqgﬁg i'ti oned nedi um may be processed through the .

sanme puri Pication steps or nodifications thereof as used to isolate the M

ligand from aplastic pl@gge.14 %@%@%W'e@ca&le' Bfanéhébécif'i& hﬁ@maspect of
the present 20 _invention, there are provid reconbi nant | i gand

proteins. The&IYStHvE ﬁslka‘(rlété-t‘i’ﬁsPa’tﬁ?ﬁa{“99°ﬂ‘§'%h?¥§5rﬁ’%’tiﬁ%‘? Weﬁﬁﬁal i an
mat eri al s, eS;myddmlaAdyhydﬁsn&o teeulpl in a poly-pegylated product.

10 FIG. 16 shows an example of site-specific MGDF
reductive alkylation at the €-amino groﬁp of the N-
terminal residue using mono-methoxy-polyethylene glycol (
aldehydes to result in a substantially mono-pegylated
product.

15

FIG. 17 shows size exclusion (SEC) HPLC
analysis of MePEG-MGDF conjugates prepared using
activated derivatives of MW 20kDa MePEG: .

A. poly-MePEG-MGDF conjugate prepared by MGDF

20 acylation with NHS ester of MePEG (PEG 1ll)

B. poly—-MePEG-MGDF conjugate prepared by MGDF
alkylation with MePEG aldehyde (PEG 20);

C. mono-MePEG-MGDF conjugate prepared by MGDF
alkylation with MePEG aldehyde (PEG 16).

25 _

FIG. 18 shows platelet counts from mice
treated with recombinant human MGDF: open diamond = CHO-
derived 22-353 MGDF; open circles = unpegylated E. coli
22-184 MGDF (i.e., 1-163 MGDF); and closed circles =

30 pegylated E. coli 22-184 MGDF.

FIG. 19 shows a purification flow chart for r-
HuUMGDF .

35 FIG. 20 shows the effect of r-HuMGDF (E. coli
1-163) on platelet counts in a murine carboplatin model.



| i gand proteins of this invention are also characterized by q@ | one
or nore of ﬂgyaﬁﬁgical, bi ochem cal, 25 pharnacol ogi cal orggT E%%PE
activities described herein. The present invention also relates to

chem cally nodified ME@F conprised of a MEDF protein noiety connected to at
| east one water soluble polynmer, 30 and netd2®ds for the preparation and
use of such conpositions. In particular, the present invention includes

chemical 'y nodi Baed/dGREcehesté niddieapdF it w16 inSieictee @dth &h reactive
pol yet hyl ene gl y¢col . nol.ecul es so _.as attac EG 1t o _.Such attachment
35 may be acco%ﬁﬁ?%ﬁeﬁ°ﬁ? P g@?%ﬁ??##ﬁ%ﬁuf%' :smﬁéyﬂﬁffﬁdaﬁe gynﬁ'such as

acyl ation or al Rheaekohpidulylalomn aroup di@d Swt2GAtGieve carboplatin.
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[err]-anino grodp eFF RACTHTIIRINP iproBSiiFalen ¥eyeePdednat
honpgenei ty of euehynotivgedyimd ipgintdacti on may be 10 enhanced via a type
of reductive al kylation which selectively nodifies the a-am no group of the
N-term nal

16 FIG. 21 shows the effect of r-HuUMGDF (E. coli

1-163) on platelet counts in mice treated with
irradiation. Balb/c mice were irradiated with a single
dose of 500 rads gamma-irradiation (Cesium source) at
Day 0. The excipient alone group was not irradiated.

15 After twenty-four hours, irradiated animals were
subcutaneousiy injected with either excipient or with
100 ug/kg r-HuMGDF daily for the remainder of the study.
(n=8 for each group; 4 animals were bled at every other
time point).

20

FIG. 22 shows the effect of r-HuMGDF (E. coli

1-163) on platelet counts in mice treated with a
combination of irradiation and carboplatin. Balb/c mice
were irradiated with a single dose of 500 rads gamma-

25 irradiation (Cesium source) and given carboplatin (1.25
mg/mouse) at Day 0. After twenty—-four hours, the
comprimised animals were subcutaneously injected with
either exciﬁient or with 100 ug/kg r-HuMGDF daily for
the remainder of the study (n-8 each group). Without r-

30 HuMGDF support, most of the animals do not survive this
study. ‘In the control group, 1 of 8 animals survived.
In the treated group, 8 of 8 animals survived.

FIG. 23 shows the effect of r-HuMGDF (E. coli
35 1-163) on irradiation-induced thrombocytopenia in rhesus
monkeys. Rhesus monkeys were subjected to irradiation



resi due of an MGDF protein noiety, thereby providing for selective

at t achnmengyoQkngyspat er sol ubl e polyner noiety at the N'tern}EHﬁlQﬁM?ﬂF
protein. This provides for a 15 substantially honbgeneous” preparation of
pol ymer/ MGDF protein conjugate nol ecules as well as (if polyethyl ene glycol
I's used) a preparation of pegyl ated MEDF protein nol ecul es having the

pol yet hyl ene gl ycol noiety directly coupl etB&v the protein noiety. 20

Anot her aspect of this invention provides pharmaceutical conpositions
contai ning a t(H&PaFEut FeabPy . ef FedeMGRF afmedk @ hwmwEmtsedum albumin

nat ur al | y- occyneiong (eacheg@npsn 7"%‘@% Mig{lyco e derivatized

wth a water SO ubl e oléger such_as 5; ene g ,, along 25 wth a
phar maceut i cal’l CEGEEBPH ¥ £9Fr 1Rrconseciimve davs Etatsing Pledours
phar naceut i calaftempdsiraddasiony beBbopd OyeTl idhdBided welr@l Pelr@irinag di sease
states or i sQudarssC ' a I ci ency of karyocytes and/ or
pl atel ets as wélﬁ ES g%égﬁkgﬁééegbgg%é?éii(ﬁﬂ§ik§gﬁ1“;ga§%|% Rd¢. They may
al so be enpl ofedrgeephy| thei sueryge ovalud | byt sempect ed negakaryocyte or
pl atel et deficiencies (e.g., due to surgery). Thus, the Ml |igands of the
present invention may be_enployed in the treatnment of aplastic anem as, 35
e.g., to augrment productFbf- o4 pthRws &ihe iaf femtisemfs Peavilagednpadr ed
pIatelet/prodgaybaﬁyaaﬂéh BSHAMERF on M B 187 4bunts in mice treated
PCT/ US95 ﬂ§779iiglbarboplatin and irradiat:i :n. Mice were subjected
to the combination of carbopla: .in and irradiation as
described for the studies performed for FIG. 22. (
Subcutaneous injections of the indicated preparation of
r~HuMGDF (50 ug/kg/day) were given daily for the length
15 of the study starting 24 hours after the insult. Blood
cell counts were taken on the indicated day using an

electronic cell counter (Sysmex, Baxter).

FIG. 25 shows the synthetic gene sequence for
20 recombinant human MGDF, amino acids 1-163, having E.
coli optimized codons.

25 Additional aspects and advantages of the
invention will be apparent to those skilled in the art
upon consideration of the following description, which
details the practice of the invention.

The novel mammalian megakaryocyte growth

30 promoting, and/or platelet producing factors, referred
to as Mpl ligands, provided by the present invention are
homogeneous proteins substantially free of association
with other proteinaceous materials. Preferably, the
proteins are about 90% free of other proteins,

35 particularly preferably, about 95% free of other
proteins, and most preferably about >98% free of other



patients or patients undergoing cancer chenotherapy). M
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used as an adjunctive therapy for bone marrow transplant patients. 5 Such
patients could be human or -another manmal . Ml ligand from one species is
al so expected to be useful in another speciegy~-A further aspect of the

I nvention, therefore, is a nethod for treating these and ot her.
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20

25

30

35

connec 1on é¥¥§’tﬁ%ﬂﬂ}é¥%nt invention is meant the Mpl

ligands disclosed herein as well as active fragments and
variants thereof, which are described in greater detail
below.

Two preferred Mpl ligands from a canine source
have apparent molecular weights of approximately 25 kd
and 31 kd as determined by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) under non-
reducing conditions. Both proteins are purified during
the same purification protocol which is detailed in the
examples section below. Thus, for example, both of
theée Mpl ligands bind wheat germ lectin and immobilized
Mpl receptor. The 25 kd form includes an amino acid
sequence as follows:

Ala-Pro-Pro-Ala-Xaa-Asp-Pro—Arg-Leu-Leu—-Asn-Lys—-Met-Leu-
Arg-Asp-Ser-His-Val-Leu-His-Xaa-Arg-Leu-Xaa-Gln-Xaa-Pro-

Asp-Ile-Tyr (SEQ ID NO: 1).

The 31 kd form includes an amino acid sequence as

follows:

Ala-Pro-Pro-Ala-Xaa-Asp-Pro-Arg-Leu-Leu-Asn-Lys-Met-Leu-
Arg-Asp-Ser-His~-Val-Leu-His (SEQ ID NO: 2).

The “Xaa” amino acids shown in SEQ ID NOS: 1 and 2 are

ﬁgaeﬁ t his aspect,



assay coul d enploy anti bodies that specifically recognize an Nbl Iigand in

a single_antibody or "sandw ch" format. Such an assay cou%
det er mi n& r a patient needs external 35 adm nistration o?yﬁﬁ I|gand
and/ or whet her such patient is likely to experience a platelet deficiency

or WD 95/ 26746 PCT/ US95/ 03776
-22- disorder. Such assays could be includé®in a kit format, including
positive and negative controls, antibody(ies), and other standard kit
conponent s. Gidﬂerkraspeo,hs;mmmd\mmyagbstoéréhexpeesedhttdi bevention will be

apparent upon, | of Lo g [ cription of
preferred enbd@?%%n ?%é%gb téﬁ%okg ég%?pégg%g #fgﬁgﬁilgures 10 Nurner ous

features and %KMR#QRR?R; of the present invention will becone apparent upon

review of the figures, yheggh e Isten from the abble &e&ﬁ@h&é§ @Ha@ver vi ew
of devel opnent. and maturati on of negakaryocytes and pl atel ets. 2
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proteln This evidence, and especially the fact that
both proteins have activity in the Mpl ligand activity
10 assays presented herein, leads to the conclusion that
both proteins are very closely related in terms of
structure and activity. It is likely that the 31 kd (
form of the protein differs form the 25 kd form in
differential C-terminal sequence, differential
15 glycosylation and/or differential splicing of the gene
encoding the proteins.
In addition to the above sequence information,
another sequence was determined during sequencing of the
25 kd band prior to the final purification step (using
20 reverse phase HPLC). This sequence was found associated
with the 25 kd band under non-~-reducing conditions but
not reducing conditions, implying that it is the result
of cleavage into two portions (e.g., by a protease) of
the 25 kd protein, which portions are held together by a
25 disulfide bond. This sequence is:

Thr-Gln-Lys-Glu-Gln-Thr-Lys-Ala-Gln-Asp-Val-Leu—-Gly-Ala-
Val-Ala-Leu (SEQ ID NO: 3)

30 Although the precise location of SEQ ID NO: 3 in the
' sequence of the 25 kd protein is unclear, ahalogy with
other cytokines, such as erythropoietin, supports the
possibility that the sequence occurs around amino acid
number 114 in the 25 kd protein. It should be noted
35 that it is likely, although unproven, that SEQ ID NO: 3
also occurs in the 31 kd protein, probably again



Exampl e 2. FIG 3 shows that an activity enri APK9
by |ectin 3\‘9?%‘99‘ and Mpl receptor affinity chronatography §$§ﬂ§é@$§§
("Ml ligand") stinulates the growh of 1A6.1 cells and that sol uble nmurine
Mpl receptor blocks that growh. 30 FIG 4 shows an overview of the

purification steps involved in purifying the235 and 31 kd fornms of the
cani ne Mol receptor fromaplastic canine plasma. 35 FIG 5

shows the purifsgatt ofigodrddd | dginiyl duad eneisead 1nR3se THRECseBRehiBEC) -
Fraction 21 cont WO 95/

6746 . Vo (3
PCT/ US95/ 03776 1’é§°r‘ﬂ?bh?’§/ i ‘%Jﬁcé’ds%% K @d4tigRRd: deFaddi 3R B32BBhtai ns
a mxture of the.31 kd and 25 kd Ml I|igands; and fraction 23 contains

hi ghly purified 25 kd Ml g i son
of Mol ligand activities |% rgcg?%el%ﬁgg%}rﬁﬂff?{§F Q%?%?%?%ﬁg t hat

contai n t he 325 &hel/ erndie kHiggnds i grumnasises ﬁ@OVPhG@ ge§ﬁoﬁ§°?ﬁénﬁuﬁber of

megakaryocytes dfnprodi cirm Gl Weth 1drledt- Salseqt edsagt) paaéal bl ood
cells stimulated with A Mpl I|gand and variqus_qther factors. FIG 8

shows t he nunbefv@bt %?R%ﬁhlﬁﬁﬁ&ﬁnﬁﬁﬁg EEWIFEOF £hM CBPLRPe land

CD34- sel ect ed pesspbesm| ddtermbroed 1t did naHaat edtwifolrt APKS, FIBl. LBaand and

various other Based on molecular weight calculations, it is predicted

10 that the 25 kd and 31 kd canine ligands are C-terminal
processed forms of the full-length ligand shown in FIG.
13A. Additionally, a murine Mpl ligand has been
obtained having the sequence set forth in FIG. 13B.

Such purified ligands may also be

15 characterized by specific activity in the human
megakaryocyte assay of Example 2 of at least about 5.7 x
102 megakaryocyte units/mg. A megakaryocyte unit is
defined as that amount of material that results in the
production of as many megakaryocytes as 1 microliter of

20 APK9 standard control using the assay described in
Example 2.

Such purified ligands are also characterized
by a specific activity in the Mpl-dependent cell growth
assay of Example 4 of at least about 6.9 x 109 cell

25 growth units/mg. A "cell growth unit" is defined as the
amount of ligand required to result in the growth of 200
1A6.1 cells in the assay of Example 4.

The following Table 1 shows additional

specific calculations of activity for actual purified
30 canine Mpl ligands prepared in accordance with this

invention:



factors. FIG 9 shows the percentages of negakaryocytes 20 that are

produced_in_cultures of CD34-sel ected peripheral blood ce J at ed
W th API&?gﬁfﬁf"fi gand and various other factors. FIG 10 m5%6 human
IL-3 is not involved 25 in Ml |igand-induced negakaryocyte devel opnent.
FIG 11 shows the cDNA and deduced am no acid sequences of human MGEDF-1 and
MEDF- 2. 30 FIG 12 shows the -cddONA and deduced am no acid
sequences of human MGF-3. FIG 13 shows a conpari son between MEDF-1 and
MCDFs (Mol ligands) froma canine sowatae(A) and a 35 nurine source (B).
WD 95/ 26746 PCT/ US95/ 03776 - 24-

FIG 14 shows an exanple of MZDF acyl ati on using N hydroxysucci ni m dyl

(NHS) activeMpdters of nmono- net H@éy-lpalspayhyl ene gl ybulan Mexadsayi n a

pol y- pegylag&%aa@pduct. 5 FIG yiq¥ﬁ§gﬁggp exanpl e o i fic M3DF
reductiyesal at1 on using nono- net oxy-pogyethylene' ycol aldehydes to
result ina pdl ¥¥egyl at ed productb-3gp* 10 FI @-het an exanpl e
of si'te-speciisi ®dMGDF reductive algyd atd ap9at the a-am no ;grim® of the N
term nal residue using nono-net hoxy- pol yet hyl ene gl ycol
Summarizing the above information, some
exemplary Mpl ligands of the present invention are
10 characterized by one or more of the foilowing
biochemical and biological properties:
(a) such Mpl ligands are isolated from canine ‘
aplastic plasma;
(b) such Mpl ligands have apparent molecular
15 weights of approximately 25 kd or 31 kd as determined by
12-14% sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) under non-reducing
conditions;
(c) the Mpl ligands comprise the following
20 amino acid sequences:
SEQ ID NO: 1, in the case of the 25 kd
protein; or
SEQ ID NO: 2) in the case of the 31 kd
protein; _
25 (d) the Mpl ligands additionally comprise the
amino acid sequence SEQ ID NO: 3 (pérticularly
preferably in the 25 kd protein); _
(e) the Mpl ligands bind to wheat germ
lectin; '
30 (f) the Mpl ligands bind to immobilized
soluble murine Mpl receptor;
(g) the Mpl ligand activity can be inhibk =d
in vitro by soluble Mpl receptor; and
(h) the Mpl ligands bind to an anion exchange
35 column at a pH of about 8-9.
The biological activities of preferred Mpl



al dehydes to result in a substantially nono-pegyl ated produ&t
shows si zeWEAH26¥6on (SEC) HPLC anal ysis of MePEG MGDF conj é’g{%s? ’grepar ed

using activated derivatives of MV 20kDa MePEG A. pol y- MePEG MGDF conj ugat e
prepared by MaF 20 acylation with NHS ester of MePEG (PEG 11) B.

pol y- MePEG MGDF conj ugat e prepared by MEDF e3kyl ati on with MePEG al dehyde
(PEG 20); C. nono- MePEG MCDF conj ugate prepared by M3DF alkylation with

MePEG al dehyde j(;REG a0 )t %ierGeséﬁtSmﬁ%nﬁiaﬁeéeé d?&htm&rféﬁﬁﬂ bee treated

wi t h reconbi nant "human 22-3
circles = unpedeedoelity |t°2§p?§&%h€®gl¥l ({‘%uﬁaet[l%\?i &é}lg/a%osggen

circles = 30 prRgylaipe@dnt. ofomegaRat§dchtes. 1ﬁwfhe1ﬁbgﬁkaﬁyqp¥nﬂlflcatlon
flow chart for r-

0,sh
r - HUMGDF (E. C(ﬂrOthf‘lgﬁomgﬁ’mlga? gfey 85uﬁ¥g&3ﬁga2 rru%e&g'gsr E%%%C}% i %Epr%ode
WO 95/ 267465 ligand stimulates the differentiation of Fmamparsgs/ 03776 - 25-

Bal b/c m ce vwnﬁgfﬂaﬂgyyy'%hgggabbg4»nkgcged @bL§4ac§1ﬂg|§éIKE§bdﬁby
carboplatin (1.25 ng/ npuse) at Day_0. The ex0|g gné al one_dr ou not
reci eve Carboppgmm@oadsorptlon) cells durlng a ay culture ﬁgrl d.

Megakaryocytes are identified by staining with specific
anti-platelet antigen antibodies and counted

10 microscopically. MPL ligand alsc stimulates the growth
of the factor-dependent cell line, 1A6.1. In the
absence of MPL ligand, the cells will die. 1A6.1 cell
number is assessed after 2 days in culture with MPL
ligand. '

15 The Mpl ligands described above have specific
activities as described in Table 1 above.

Sources of the Mpl ligands have been
determined to be aplastic mammalian blood, plasma, or
serum. However, the source of such ligands is not

20 expected to be limited to such known sources and may
include other mammalian body fluids, cells obtained

- therefrom, etc.

The purification of native Mpl ligands from
mammalian sources is based on two key purificatipn

25 steps:

(a) 1lectin affinity chromatography,
preferably using wheat germ agglutinin; and

(b) immobilized Mpl receptor affinity
chromatography.

30 Additional steps may be included to further
purify the protein, such as ion exchange chromatography,
gel filtration chromatography, and reverse phase
chromatography.

The purification techniques actually employed

35 in obtaining Mpl ligand from canine aplastic plasma
comprise the following steps (See, Example 7):



After twenty-four hours, carboplatin-treated animal s 5 were subcutaneously

I nj ecte W,’#et her excipient or with 100 ug/kg r- Humpéﬁﬁ%%gg% t he

remai nd study. (n=10 for each group; 5 aninals were at every
other tinme point). 10 FIG 21 shows the effect of r-HUMEDF (E.
coli 1-163) on platelet counts in mce treated wwth irradiation. Balb/c
mce were irradiated with a single dose o82500 rads gammua-irradiation
(Cesium source) at Day 0. The excipient alone group was not irradiated. 15
After twenty-four hourga)irledtahedffinitey sc getelay i nj ect ed

h h Ly f d f
wi th either excinpi [owt - H i [ I nder o
t he study. (ﬁgghf%ggégghnééo%hﬁéé%éﬁﬁéghqy\ﬁgﬂgggﬁgga%#ye§5F§ggf%§F?tinE
point). 20 FIG 22 shoub)theodtbdetMpt recepispr (MPl-udl iRfEind3y on pl atel et
counts in m eRrbhgbgeaph N(FrEAUBRY, AUbiRfg IimmdPlializeR aAQdigarbopl atin.

Bal b/c mce were_ irradiated with a single dose of 500 rads gamma- 25
irradiaIi%wn%@%§¥hn1source) and given carboplatin (1.25 ng/ nouse) at Day O.
After twenty-four hourge)t héofionanichset edation)s ewdtmargedbcut aneously

injected with,ei [ _excipient 4.0 qa / I -HUMGDF daily for the

r emai nder ochﬁghgﬁﬂ%ya§%§8F Eﬁﬁgiﬁﬁéﬁﬁf% %E§§%thg§0 HUMEDF support,

nost of the shipmitodpapby; spaxticuladnly smefierablvt msiogner ¥ongrQup, 1 of 8

ani nal s surv%gggmn#n the treated group, 8 of 8 animals survived. FIG 23
ect o

shows the ef “r-HUMGDF (E. coli 35 1-163) on irradiation-induced
t hr onbocy® openia in rhddds ge filtration chromatography under

dissociative conditions (preferably, using Superdex :00
plus SDS); and | |

(e) reverse phase chromatography (preferably,
using a C-4 column).

15 Homogeneous mammalian Mpl ligand, including
the human ligand, may be obtained'by'applying the above
purification procedures to aplastic blood, serum, or
plasma or other sources of mammalian Mpl ligand, e.g.,
cell or tissue sources. The steps are not required to

20 be in a particular sequence, but the listed sequence is
preferred. Procedures for culturing a cell (or tissue)
source which may be found to produce Mpl ligand are
known to those of skill in the art and may be used, for
example, to expand the supply of starting material.

25 Mpl ligand or one or mbre peptide fragments
thereof may also be produced via recombinant techniques.
To obtain the DNA sequence for a particular Mpl ligand,
the purified Mpl ligand material is reduced and
optionally digested with a protease such as trypsin.

30 Enzymatic fragments are isolated and sequenced by
conventional techniques. Alternatively, as exemplified
in the ex:1ples herein, the intact purified protein may
be sequenced directly to the extent possible based on
the quantity of protein available and then the sequenced

35 region may be used analogously to the sequenced tryptic
fragments in the following procedure. Oligonucleotide



monkeys. hpsdpsrqgonkeys were subjected to irradiation R OBtk 64F6

PCT/ US95/ 03776 -26- (700 cGy Co-80). r-HUMGEDF (n=3) or human serum al bum n
(n=9) (each at 25 ug/kg/day) were adm nistered subcutaneously for 18
consecutive days starting 24 hours after irradiation. Bl ood cell anal yses
were performed 5 with an el ectronic bl ood c€Pr anal yzer. Each synbol
represents the average value (+/- sen). FIG 24 shows the effects of

pegyl ated and gPyeRey|anedyntiadizRomsiingt shet geoettis icadei te prediet 10

wi th carboplat ign angodd nol Hdfenced thatCletctiel £6LCHniA0! BE1GOTDI NAL i On
of carbopla in and irradiatiqon as described for the studies perfornmed for

FIG 22. Subcut3FEHRRCTH ctihSeFuansed ﬁEQSQFQG(ﬁPepaPE?FSHaBin-HuNGDF
(50 ug/ kg/ day) seversl eyelnidatd eduendesngire b&ne@htbheast pegbekarti ng 24

hours after th Io cel I, cqunt aken.on elndlcted day
usi ng an el ect f%ll%# % ]rl%ouérjlt erne( %fsﬁg%n%égt %’Y EF(’E\ngZ gﬁSV\Erf’ﬁ
synt heti c gene G@qm@mgﬁnfanmammahmamombmmmnm Ruiveca ryiGHE, othemosaukds . 1- 163,

having E. coli n%i“‘eﬂ’dexc/anta es%{xﬂ't"r@m[)‘és%’élﬁt EBHFPE I:?eM EVEE 98 2

Addi t i onal aspect S a nvention ar en
t hose skilled i¢A® e aitgedigoh “@d‘r?slad@é‘ﬁ dibspriyhwhigh éﬁpngedé%ﬁﬁpﬂion

which details tdecpraed igxopds e iideweifhyORhe cDNA encoding the Mpl
10 ligand polypeptide. Further, the PCR technique may be
used to extend the cDNA sequence, using appropriate
primers.
Using these probes to screen a genomic
library, a DNA clone is obtained. To obtain a full
15 length clone, probes based on the obtained DNA sequence
may be employed to rescreen the library and hybridize to
the full length Mpl ligand DNA sequencé.
The human cDNA for Mpl ligand can also be
obtained by subcloning a full length human genomic clone
20 into an expression vector, transfecting it into COS
cells, preparing a cDNA library from these transfected
COS cells and screening by hybridization for Mpl ligand
cDNA., Once the entire cDNA is identified, it or any
portion of it that encodes an active fragment of Mpl
25 1ligand, can be introduced into any one of a variety of
expression vectors to make an expression system for Mpl
ligand or one or more fragments thereof.
By such use of recombinant techniques,
preferred DNA sequences encoding the Mpl ligand
30 polypeptide are obtained. The present invention also
encompasses these DNA sequences, free of association
with DNA sequences encoding other proteins (i.e.,
isolated), and coding for expression of Mpl ligand
polypeptides with an Mpl ligand activity (e.g.,
35 megakaryocyte growth and/or development). These DNA
sequences include those sequences encoding all or a



w

The novel manmal i an negakaryocyte growh 30 pronoting, and/or platelet
producing factors, referred to as Ml ligands, provided b nt
i nventio (EF@mﬁﬁnogeneous proteins substantially free of é@é@%?%@?@ﬁ W th
ot her proteinaceous materials. Preferably, the proteins are about 90%free
of other proteins, 35 particularly preferably, about 95% free of other
proteins, and nost preferably about >98% +Bde of ot her WD 95/ 26746

PCT/ US95/ 03776 -27- proteins. These proteins can be produced via

kgforbinagt tﬁfi?ﬁmwu55?iQMﬁiﬁﬂﬂgéddNaﬂa Q%?BbibﬁqgfﬁQHchﬁﬂc?f purﬁ, acziye
I gand usert.ul ., T or erapeutli.c applicatl Qns. ernative SucC protel ns
5 may be obt SRYRELETESy HOARRRARRTS BEoARBEREAPYRRLALFACIOR bl ond

-plasna or sercopdbtidnoma treamadiNAaseguienceisnd Seegr Bl i Mgnbat g peessi ng an

VoL Yigand. Pyct hegor 40k 4 6 Aly 36 8BLERATE ISR LURY POETEY D

chenical 'y synthesized. ene é 1 gands" as used
i n connectd onSRFiRg t Barkpe dahonatentt i (39829 . npagest BB7MpP BBYhnds di scl osed

herein as well as actiVvBx&khpOaBpt st Ay IS dilAaeh cohlagkiahs

described in greater detail, below 15 Two pre% rre | Iigands
froma canineg§% ¥erydizatinnrighe? thIStuIah &4si%dht S - of £ g?ﬁ?gﬁ%§ely_25 kd
and 31 kd as daskingnen Gyl SOESCnatodE@=87°s0l.f #be approximately an

hour. Alternatively, exemplary stringent hybridization
10 conditions are hybridization in 45-55% formamide, 4 X
SSC at 40-45°C.

DNA sequences which hybridize to the sequences {
for Mpl ligand under relaxed hybridization conditions
and which encode Mpl ligand peptides having Mpl ligand

15 ©biological properties also encode novel Mpl ligand
polypeptides of this invention. Examples of such
relaxed stringency hybridization conditions are 4 X SSC
at 45~55°C. or hybridization with 30-40% formamide at
40-45° C. For example, a DNA sequence which shares

20 regions of significant homology, e.g., sites of
glycosylation or disulfide linkages, with the sequences
of Mpl ligand and encodes a protein having one or more
Mpl ligand biological properties clearly encodes an Mpl
ligand polypeptide even if such a DNA sequenée would not

25 stringently hybridize to the Mpl ligand sequence(s).

Allelic variations (naturally-occurring base
changes in the species population which may or may not
result in an amino acid changé) of DNA sequences
encoding the peptide sequences of Mpl ligand are also

30 included in the present invention, as well as analogs or
derivatives thereof. Similarly, DNA sequences which
code for Mpl ligand polypeptides but which differ in
codon usage due to the degeneracies of the genetic code
or variations in the DNA sequence of Mpl ligand which

35 are caused by point mutations or by induced
modifications to enhance the activity, half-life or



pol yacryl am de gel el ectrophoresis (SDS-PAGE) under non- redugi :
condi ti onswo%{z%"ﬁr oteins are purified during 20 the sane pg’ﬁ{‘f@ﬂ?‘f"aﬁ

protocol which is detailed.in the exanples section below Thus, for

exanpl e, both of these Ml T1igands bind wheat germlectin and i mobilized
Mpl receptor. The 25 kd formincludes an amB&-aci d sequence as follows: 25
Al a- Pr o- Pro- Al a- Xaa- Asp- Pro- Arg- Leu- Leu- Asn- Lys- Met - Leu-

Ar g- Asp- Ser - H s \RludesilsrHicy XaR- podybeptXadsRedddd PERerdsy-a+&-dYdo ( SEQ
ID NO 1). 30 The 31 kd formincludés an am no acid sequence as follows:

Al a- Pr o- Pr o- Al £RepIPRsSHes dratdeL d0VEaEiRBn- Lys- Met - Leu-

Ar g-Sésépl- gerN-Clgi s-1VaI ;jL(Zau- I-ASc:(cﬁEng?}ﬂ‘dQecﬂ:)r.e 3% Fee 't¥zah am Brampldslihown
I n : an ar 26746 . . :

bCT) USos! 03776 BS 1S okt R RO FESRAFSY B0t TBF BB S 1 De
cystei ne, sé&ri mONA lvegmeinnes of thesbumakepypteinpt MBPRENL, | MGRETR bearkden

fromthe above @‘J-?‘%%él%te&hfe'}%iﬁl. kﬁebhgim_@scgﬂmﬁssé &hingasdids :
portion of the kd form In particular, the_first 21 am no a0|q§ o¥ t he
S

31 kd protein #% Bddn FIhe ldappdasonkadasop3LndmiBokychidt ei e
evi dence, and espeCimhintdteds et ibhabf MGDF-1, and is shown as amino

acids 22-195 in FIG. 11. MGDF-2 therefore contains 174

10 amino acids. MGDF-3 is shown as amino acids 22-289 in
FIG. 12 and contains 268 amino acids. In each MGDF
disclosed herein, the molecule including the signal
peptide, shown as amino acids 1-21 in both FIGS. 11 and
12, is also part of the present inventive polypeptides,

15 but it is preferably removed for megakaryocyte growth
and development activity to be exhibited. In summary,
MGDFs 1-3 are defined as follows:

MGDF-1 amino acids 22-353 FIG. 11
20 MGDF-2 amino acids 22-195 FIG. 11
MGDF-3 amino acids 22-289 FIG. 12.

In the assays presented herein, MGDF-1 and MGDF-2 were
active whereas MGDF-3 was not.

25 Based on the activity data presented herein,
it is hypothesized that human MGDF is expressed in vivo
as a substantially inactive or less active precursor
polypeptide that contains variable C-terminal amino
acids. Upon cleavage of the C-terminal amino acids (as

30 well as the signal peptide), the processed form(s) of
the molecule retain aétivity or become more active. 1In
view of the above hypothesis, it is believed that MGDF-1
may require processing (e.g., cleavage with a protease)
in order to exhibit its activity. The fact that a

35 truncated form of MGDF-1 (i.e., MGDF-2) is active
supports this hypothesis.



both proteins have activity in the Ml ligand activity 10 assays presented

herel nnsd%?zgast o the conclusion .that both proteins are *ﬁé’fgﬁﬁﬁﬁé y rel ated

in ter ructure and activity. It is likely that t orm of the
protein differs formthe 25 kd formin differential Ctermnal sequence,
differential 15 glycosylation and/or differential splicing of the gene
encoding the proteins. In addition to th&above sequence infornmation,

anot her sequence was deternined during sequencing of the 25 kd band pri or
to the final purificaComditsiered redinm @ros aunanpkideeyPRE}. cdhls sequence

was found a PERG %tcf;%ryyl tﬁaﬁu%@fe%@e'ﬁdwgﬁﬂd Qdﬁ{;%po égﬁgi%cééwg%l condi ti ons but

not redUC|Rgecon ons t hat eavage into
two portio m%nirraug/qsqummqas@)tbﬁ crdl2gsaay pebtBxampiti4£h portions are

hel d toget hed1dy. ao”r5 ﬁiiélatfﬂeéehﬁﬁﬂd Ihbﬁhéf%éﬂfeliﬁes, e g., 32
Thr-G n-Lys-d u d n-Thr s- Al a-d n-Asp-Vval - Leu-d ¥ Val = Al a- Leu ( SEQ
1D N 3 P ®wiIudP tarfg‘iﬁ’r’@é’ ¥as SESf‘l Sﬁro’FhéEQ“ %Pﬂées i H th® sequence
of the 25 keypsithesized that adis aagl aginwthito2d8rceyliokiresabreich as

eryt hropoi ort.s S that th uence occurs around
am no acid ééngfé%l s thetqging 8H8 ?éfnpr?Fuﬁﬁggf e noted 35 that it
is likely, %wmmmngﬁpnn1 vdat thet ngE@cuibeNoriBanilipy nespmnsib&ehe 31 kd

EE;'?'; EiSSSI g;@%biﬂe WA ity W B420hd8ted form, whereas the 32 D
cells are unable to process the molecule.

In view of the above hypothesis, various
active molecules may result from'truncations of the
sequence set forth as MGDF~-1 (FIG. il); Structural
features conserved among the cytokine family, such as

15 erythropoietin (EPO), include four o-helical bundles and
four cysteines. Referring to the MGDF-~1 sequence, Cys
172 is the most C-terminal element of these
evolutionarily conserved and functionally essential
structures. Therefore, preferred truncation variants of

20 MGDF-1 are any of those that have C-términal truncations
from amino acid 173 to 353 (along with cleavage of the
signal peptide). Preferably,"the'sequence of MGDF-1
will have removed from it from 50 to 185 amino acids
from the C-terminus, particularly preferably, from 90 to

25 172 amino acids from the C terminal. As disclosed
herein, the signal peptide is thought to be 21 amino
acids in length; however, the signal peptide may have 23
amino acids, based on the sequence of MGDF-1. -
Accordingly, polypeptides corresponding to those

30 presented herein but which start at position 24 of FIG.
11 or 12 are also speczflcally contemplated

The following are some specxflc preferred--
variants of MGDF-1 that may exhibif'activity (i.e., the -
ability té promote the growth of megakaryocytes and/or -

35 platelets; or inhibitory/- stimulatory activity towards
the natural receptor): --



-29- starting around am no acid nunber 114. This sequence i L.on 1S
di scussed Vﬁg%ﬁﬁTﬁional detail in Exanple 7. Since the initﬂ%ﬁﬂg%%b?ﬂgation

experinments of 5 the canine |ligands, summari zed above, a gene encoding a
canine |igand has now been cloned. As a result, the full length am no acid
sequence of this canine ligand has been deteBfined to be that set forth in
FIG 13A. Based on nol ecul ar weight calculations, it is predicted 10 that
the 25 kd and 31 kd canine ligands are C-term nal processed forns of the

full-length |Iigand shown j I 13A. Additional ly, a,gyrine | Ligand has
been obt ai ned having the %@%Eé%ie ngl?%r?ﬁ1$% FI G22135 Sucﬁ¥g0r##ied
| i gands may al so be 15 chaGRE+®ri zeambyospetdsi c all+ivfy | nFIBe Bdnan

megakaryocyte assay of Exgapbec2 of jati leasigabout 25. 1o [erkhg. 12
megakar yocyte units/ng. A negakaryocyte unit 1s defined as that anmount of

material th&t results in MEREDT oductidho o2c4ds many 24ed8Rar yo&yfes 1ds 1

mcroliter of 20 APK9 st au@sidg cont gaindSaedds he agsagegescriped iin Exanpl e
2. Such purified ligands are also characterjzed by cifi ctiyity in
t he Mpl - dependent cel | gr%ﬁﬁ?F%%sayaB+n?k%ﬁﬁi% 4 o?géigseast%§§b EKG.Q X

[err] cell 25 growth units/mg. A "cell growth unit" is defined as the

anmount of |igand requiredI%F%égngﬁoéé%;ﬁgﬁ4ﬁgngél f f@%il%%ﬁik G lIs in the
0 a

assay of Exanple 4. The f W hg shows addi tional” specific
cal cul ati oA§ ofMGRR+Vigequenceactarsl ahsenti,e¢o that sequences

corresponding to those set forth above, but in which
these amino acids are missing (and the C-terminus amino
acid number adjusted down by 4) may also be active.

In one clone, which had a termination codon at

15 position 192, an Ala residue was found instead of a Thr
residue as shown at position 191 in FIG. 11. Therefore,
the invention includes variants of MGDF molecules in
which position 191 is Ala instead of Thr.

MGDF-3 results from removal of a sequence

20 referred to herein as IVS-5 (Intervening Sequence-5)
since this sequence is spliced within the fifth exon in
the.sequence; Since the 5' end of IVS-5 occurs within a
codon, its removal results in a frame-shift in the
remaining sequence of MGDF, which can be seen to occur

25 starting at position 160 of MGDF-3 to the end of the
molecule.

No activity has yet been found for MGDF-3
itself upoh transfection into 293 cells and testing the
resulting conditioned medium for activity in the cell-

30 based assay of Example 4. Apparently, unlike MGDF-1,
293 cells are unable to process MGDF-3 to an active
form. Nevertheless, based on the truncation hypothesis
set forth above in connection with MGDF-1, truncation of
C-terminal amino acids from MGDF-3 may also result in

35 activity. For example, C-terminal truncation of MGDF-3
of from 40 to 102 amino acids may result in activity.



30 canine Ml |igands prepared in accordance with this invention:

95/ 26746y %26.,;gb| e 1 Ml . 1A6.1 assay }’Cﬁ’"s%sW

assay Ligan (uni ts/ ng) (units/ng

6.52 x 109 5.7 x [err] 25 kd 10.5 x 109

14 x 109 Sunmari zing the above information, sonme exenplary Ml I|igands of
the present invention are 10 characteri zedB®y one or nore of the follow ng
bi ochem cal and bi ol ogi cal properties: (a) such Ml ligands are isol ated
from cani ne Xyederablyl, asmren 50)teugh amind iapirtbs arey ereampeedent Twol ecul ar -

15 weights g %e@ﬁ& %Xb¥€%§E¥e35v§? g§t§1°¥§% Sdetprdd ned by 12-14% sodi um

dodecyl sul fate pol yacryl am de ge ectrophoresis (SDS-PAGE) under
non-reduci ng conditions; (c) the Ml Iigands conprise the foll ow ng 20
am no aci d sequences: SE@FLb NO 2Zk-179 t he ggse 1f. the 25 kd protein; or

ISFSaInEI)s a diziiijgalt Ih§ ggﬁ% ?ggt{lﬁ@?azl_l % prOtﬁGn', 1?25 o (9 .the !

In all of the Mpl ligands disclosed herein,
including the exemplary MGDFs set forth above, a
methionyl residue may be present at the N-terminus,

10 especially when such polypeptides are expressed in
bacterial host cells.

Mpl ligand polypeptides may also be produced ‘
by known conventional chemical synthesis. Methods for
constructing the polypeptides of the present invention

15 Dby synthetic means are known to those of skill in the
art. The synthetically-constructed Mpl ligand
polypeptide sequences, by virtue of sharing primary,
secondary, or tertiary structural and conformational
characteristics with Mpl ligand polypeptides may possess

20 Mpl ligand biclogical properties in common therewith.
Thus, they may be employed as biologically active or
immunological substitutes for natural, purified Mpl
ligand polypeptides in therapeutic and immunological
processes. |

25 Modifications in the peptides or DNA sequences
encoding Mpl ligand can be made by one skilled in the
art using known techniques. Modifications of interest
in the Mpl ligand sequences may include the replacement,
insertion or deletion of a selected amino acid residue

30 in the coding sequences. Mutagenesis techniques for
such replacement, insertion or deletion are well known
to one skilled in the art. [See, e.g., U.S. Pat. No.
4,518,584.] Conservative changes in from 1 to 20 amino
acids are preferred. Preferred peptides may be

.35 generated by proteolytic enzymes, or by direct chemical
synthesis. Such variants are included within the
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protein);

t he Ml Ilgands bind to inmobilized soluble murine Myl receptor; (g) the
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sub stltutlon or deletlon at any asparaglne-llnked
glycosylation recognition site or at any site of the
molecule that is modified by addition of O-linked
carbohydrate. An asparagine-linked glycosylation
recognition site comprises a tripeptide sequence which
is specifically recognized by appropriate cellular
glycosylation enzymes. These tripeptide sequences are
either Asn-Xaa-Thr or Asn-Xaa-Ser, where Xaa can be any
amino acid other than Pro. A variety of amino acid
substitutions or deletions at one or both of the first
or third amino acid positions of a glycosylation
recognition site (and/or amino acid deletion at the
second position) results in non-glycosylation at the
modified tripeptide sequence. Expression of such
altered nucleotide sequences produces variants which are
not glycosylated at that site.

Additi 1 Ana) ‘Derivati ¢ MGDF

~ Other analogs and derivatives of the sequences
of MGDF (Mpl ligands), which may retain MGDF (Mpl
ligand) activity in whole or in part may also be
prepared by one of skill in the art given the
disclosures herein. Such modifications are also
encompassed by this invention.

More particularly, the present invention also

broadly includes chemically modified MGDF compositions
and methods of making and using them. The present

P’%\?g%gggﬁf‘?’geﬁlé%?r%;gf'egsr%fd’edo&ﬁ"«? ’Tﬁyer*h &oscopi cal | y.



15 The Mol |igands descri bed above have specific activities as

describ in Table 1 above. Sources of the Ml |igands h term ned
Fas ey HgRs

to be a Y2 4%armmal i an bl ood, plasma, or serum However; ce of
such ligands is not 20 expected to be limted to such knomn sources and nmay
I ncl ude ot her mammal i an body fluids, cells obtained therefrom etc. The
purification of native Ml |igands from ned@ral i an sources i s based on two
key purification 25 steps: (a) lectin affinity chromatography, preferably
usi ng wheat @elseuaggh:et h:ebealenfihﬁb)lﬁ nI@t;'bdsiszmlLdVHo A FEyoMGREf i nity

chr omat ogr ap steps may be included to further

h 1t10
purify the pFéFe i eEBEHCSsiFBnpﬁ%%%Eﬁﬁ% thromat ography, gel filtration
chromat ogr aphy, and rever s@aephspectir bhet pgeaghy . imventpion frelatiem
t echni ques aghughl 5 [ I fr ni.pe
apl astic g)l agt@aa%oMGrg?Egg%sagcg Cb%m?%éﬂ?e%g l»?‘%lee d@mrﬁ 195%)&% ItB
95/ 26746 Zat(éﬁaﬁécppﬁ HPFFﬁl§91%h¥%ﬁ%?%XF%ﬁﬂﬂP%ﬁMﬁeat gern1agg|ut|n|n

chromat ography is espegindlanotpeef aspedt, the seésdhe MNedter@ptor (Ml -X)
affinity relates to an MGDF product wherein said MGDF protein is
linked to at least one polyethylene glycol molecule.
In another aspect, the present invention
10 relates to MGDF molecules attached to at least one
polyethylene glycol molecule via an acyl or alkyl
linkage. ' !
' Pegylation of MGDF may be carried out by any
of the pegylation reactions known in the art. See, for
15 example: Focus on Growth Factors 3 (2): 4-10 (1992); EP
0 154 316; EP 0 401 384; and the other publications
cited herein that relate to pegylation. Preferably, the
pegylation is carried out via an acylation reaction or
an alkylation reaction with a reactive polyethylene
20 glycol molecule (or an analogous reactive water-soluble

polymer). These preferred means for derivatization with
polyethylene glycol will now be discussed in greater
detail.

25 Acylation

Pegylation by acylation generally involves
reacting an active ester derivative of:polyethylene
glycol (PEG) with an MGDF protein. Any known or
subsequently discovered reaetive PEG molecule may be

30 used to carry out the pegylation of MGDF. A preferred
activated PEG ester is PEG esterified to N-
hydroxysuccinimide ("NHS"). As used herein, "acylation”
is contemplated to included without limitation the
following types of linkages between MGDF and a water

35 soluble polymer such as PEG: amide, carbamate, urethane,
and the like. See Bioconjugate Chem. 5: 133-140 (1994).



chr omat ogr aph referably, using immobilized murine 5 Ml -X).. |
(ani on or ¥§5¥§“exchange chromat ography (preferably, ani o?@éﬁ%ﬁé@g
chr omat ogr aphy; particularly preferably using a Mono Q colum); 10

(d) gel filtration chromatography under dissociative conditions

(preferably, using Superdex 300 plus SDS); a#d-(e) reverse phase
chromat ography (preferably, using a G4 colum). 15 Honogeneous

nan}m! i an hl\/|ol Lﬁg@@di@ ]L‘tﬁéﬁtﬂiﬁmad&%afwdw sleiwéld &&ymbglngbgai 8Rdsby
appl ying the above purification procedures to aplasti ood, .serum or
pl asma or otherkg%ﬁgc%% e ?ﬁﬁﬂqgi?qwﬁéaiﬁjaﬁg?sg.ﬁpgssgPFnB}ytissue
sources. The st@gsekppﬁdunbuuﬂphquiﬁtaydmm d@adimianpasuphuaar sequence, but
the |isted sequelfiol e &l Ydffbnd T ARINLLLERT WollbULhaG: BvaeL! chor

|6ﬁ may be ound1 thI l'igan

ti ssue) source . to produce g are known to those
of skill inStheM@PY REIRY Y hesapdifdedexafsretics eopdiiirne §Bphly of
starting naterigppl¢Sgenerally to y1ldtddnd oF MEDEsOWilRr BepPaRbtdebed

[raorents e cgl iR o S S SR Wi saubu el sghpLags: | o
| i gand mat er i al mosomethoer-BRG igptdepriadtied ding®IGed1di.t h a protease such as
Erypsi n.. 30 Enzymatic ”ﬁgggfééic% eb{% ?&%ﬁfaﬂ%ﬂ%ﬁ%ﬁ?&%‘%ﬁ? %%’%‘6%@ I onal
echni ques., Alternatively, exenplitied Tn e exanples heréin, the
intact purifl edipratRely RS W tash MGHFe Praidussy| yheseinethet dKE1RBsET bl e
based on amino groups are pegylated via an acyl linking group.
Preferably, the connecting linkage will be an amide.
Also preferably, the resulting product will be
substantially only (e.g., > 95%) mono, di- or tri-
15 pegylated. However, some species with higher degrees of
pegylation (up to the maximum number of lysine &-amino
acid groups of MGDF plus one a-amino group at the amino
terminus of MGDF) will normally be formed in amounts
depending on the specific reaction conditions used. If
20 desired, more purified pegylated species may be
separated from the mixture, particularly unreacted
species, by standard purification techniques, including,
among others, dialysis, salting-out, ultrafiltration,
ion-exchange chromatography, gel filtration
25 chromatography and electrophoresis.

Alkylation
Pegylation by alkylation generally involves
reacting a terminal aldehyde derivative of PEG with a
30 protein such as MGDF in the presence of a reducing
agent. As with acylation, discussed above, the reaction
conditions are described below.
Pegylation by alkylation can also result in
poly-pegylated MGDF. An exemplary reductive alkylation
35 reaction with MGDF to yield a polypegylated product is
shown in FIG. 15. In addition, one can manipulate the



the quantity of protein available and then the sequenced 35 region may be

used an to the sequenced tryptic fragnments in thgctRkésisyig
procedu?§6g§¢?ggnucleotide WO 95/ 26746

PCT/ US95/ 03776 -33- probes are synthesized using the genetic code to
predict all possible sequences that encode the am no acid sequences of the
sequenced fragnent(s). Preferably, severa‘r“d'egenerate sequences are
generated as probes. 5 The Mol Iligand gene is identified by using these
probes to screactiomaowalitnogenasi des¢hiked herejrhdro fawcse.

Al ternativel atTBNAshbaRhAL €811y ST FeaOft i laldndiyl HrasuP@fised to
make a cDNA ngﬁgr thgh can be sc¥eené% with the probes tor?dentify t he

cDNA encodi nGPen&-tErminus; gantReoMGRE ptPeRie Futd 1ferr, & MONSCR t echni que may
be used to expegdatka cphAigefuenAR, ekdhpla P fetidtiive Alkatiddsi ng these

robes to.screen.a genom.c.lihrary, . cl one i bt ai ne 0.0btain a
1I‘O ull 15 I%ngtrﬁa&t&ﬁg, wb‘F bgébgaggéy?)%l% r&?ﬂ?ﬂ?ﬁ?’é‘%ﬁf&? -cEe lr’?ay be
enpl oyed to redsewedn FAE.| Lbrar ynaeiithgbréae eof anarapegytliatismgior Ml
i gand DNA sqiichaey1Lhgofli MR CPRA bobublladd gtk £Ab13) St iRyl al ned by

subcl oning a fu ngt h ,human gengni c_cl one -20 1 nt,0 an “expressi on vector,
transfecting %% qhﬁtgrgﬁsleeVPg, prefarify Fruma (Wit RpatiGHIeRese
transfect ed Ge¥er@ince @ddther eeRpDggbyupy EhiE 28fpedrof ArinYagd iigand

10 referred to herein as an "alkyl" linkage.
Derivatization via reductive alkylation to
produce a monopegylated product exploits differential
reactivity of different types of primary amino groups
(lysine versus the N-terminal) available for
15 derivatization in MGDF. The reaction is performed at a

pPH (see below) which allows one to take advantage of the
pKa differences between the &-amino groups of the lysine

residues and that of the a-amino group of the N-terminal
residue of the protein. By such selective

20 derivatization, attachment of a water soluble polymer
that contains a reactive group such as an aldehyde, to a
protein is controlled: the conjugation with the polymer
takes place predominantly at the N-terminus of the
protein and no significant modification of other

25 reactive groups, such as the lysine side chain amino
groups, occurs. In one important aspect, the present
invention provides for a substantially homogeneous
preparation of monopolymer/MGDF protein conjugate

molecules (meaning MGDF protein to which a polymer
30 molecule has been attached substantially only (i.e., 2>

95%) in a single location). More specifically, if
polyethylene glycol is used, the present invention also
provides for pegylated MGDF protein lacking possibly
antigenic linking groups, and having thé polyethylene
35 glycol molecule directly coupled to the MGDF protein.
Thus, in a preferred aspect, the present



CDNA. Once the entire cDNAis identified, it or any portion of it

encodes an V¥@PHR&4¢ r agnent of Mpl 25 |igand, can be |ntroducgﬁT“¥W¥F§ﬂ§ one
of a variety of expression vectors to nmake an expression systemfor M

|l i gand or one or nore fragnents thereof. By such use of reconbinant

techni ques, preferred DNA sequences encodi ng-43re Mpl |igand 30 pol ypepti de
are obtained. The present invention al so enconpasses these DNA sequences,

free of associ atiihgeneibh Phfasegquescgs §I'£@é'difl@G@E‘ fhd¥ireitie FEE. |
i sol ated), and codi ng for si on

ol tides W|th an Mpl
li gand activity 9F8Yg. 3)335m‘;(gﬁﬁ ?BE?/F}éeﬁrﬁ\i’hg ‘8‘? %&/‘& . Tifese
DNA sequences i rddlsudestehoaboseqUSﬂCESpeamdtslgnaajyIb@rmmo—pé@:l%i&ﬁb&ﬁ
PCT/ US95/ 03776 - those se &I h
hybri di ze, pref gr B’I %%ﬁgg?& éhtéﬁgggilgﬂg%t?_o cp(s)ng‘pet ﬁliy 5tc’he cDNA
sequences [ See, PEG wupas)s e'tf‘heaPEG Mmﬂléﬂ:e @mr@ll(ﬁa_@mlai@@
Manual ) ; Col d 5t8prbRatEahbat tabogabery é&ﬁﬁ?)gr&ﬁ%e%ﬁ&hm 339kis,

Exenpl ary stringent hybridization conditions are hybridization in 4 X SSC
at 62-67[err] CPuts 6FI dRedliBy GARheRplated. that §§E? &E%ﬁz@}{@ Jeudd
approxi mat el y aathadhedAtbeangat aMehy, geIePPatE dclsdd i f@aiie Ipdudedirzati on 10

conditions are %ch.hdiiéatshgglé:genélYSJggggt[{]@@ t(:jc? becomessa%tached %50[ gric
10 PEG group under suitable reaction conditionms.

The polymer molecules used in both the
acylation and alkylation approaches may be selected from
among water soluble polymers or a mixture thereof. The
polymer selected should be water soluble so that the

15 protein to which it is attached does not precipitate in
an aqueous environment, such as a physiological
environment. The polymer selected should be modified to
have a single reactive group, such as an active ester
for acylation or an aldehyde for alkylation, preferably,

20 so that the degree of polymerization may be controlled
as provided for in the present methods. A preferred
reactive PEG aldehye is polyethylene glycol
propionaldehyde, which is water stable, or mono C1-Cl0
alkoxy or aryloxy derivatives thereof (see, U.S. Patent

25 5,252,714). The polymer may be branched or unbranched.
Preferably, for therapeutic use of the end-product
preparation, the polymer will be pharmaceutically
acceptable. The water soluble polymer may be selected
from the group consisting of, for example, polyethylene

30 glycol, monomethoxy-polyethylene glycol, dextran, poly-
(N-vinyl pyrrolidone) polyethylene glycol, propylene
glycol homopolymers, a polypropylene oxide/ethyleﬁe
oxide co-polymer, polyoxyethylated polyols (e.qg.,
glycerol) and polyvinyl alcohol. For the acylation

35 reactions, the polymer (s) selected should have a single
reactive ester group. For the present reductive



DNA sequences which hybridize to the sequences for Ml |igand under rel axed

hybri di zgt i ndi tions and whi ch encode Ml |igand pepti ' Mol
¥ heily ! ipdainsiaNinng

ligand 1 gi cal properties also encode novel Ml lig pol'ypepti des
of this invention. Exanples of such relaxed stringency hybridization
conditions are 4 X SSC at 45-55[err]C. or hybridization with 30-40%
formani de at 40-45[err] C. For exanple, a-B4A sequence which shares 20

regi ons of significant honology, e.g., sites of glycosylation or disulfide
| i nkages, w thlkpe¢aségnences mélier (s)gaedl eteddeshotdds hapeoaeshnbdei ng one

or nore |11 QL O | ti ! 0 n Lgand
polypeptrge e&g%e?#géuégggﬁgéﬁﬁéﬁgﬁéhcSﬁﬁgﬁﬁﬁjﬂ%tQgg q%???nagg#Pgégybridize
to the Ml |igakdmssquéhtenel be\ seleqtad fingm oasuraddyraccyrsésdrring base

changes in thg1§B8syeSreePshés i St it )Y YBR41NY ma88UMbreN an am no
acid chan ences encodjan t he eptal de sequenges of Mol |igand

) of DNA,seqﬁ
are al so FREVERABDFAY L A TrmRaid antg S&s°&nal ogs or
derivatives tbgseefns.Si Théapd YyméiNAnme Gee it amhimilecuderf aeilypt, | i gand
~pol ypepti des ic? differ,i d e due to the degeneracies of the
genetic code %#hvggya ?o%ggﬁﬁh?%éggﬂﬁn?%%ﬁgﬁ%g of Mol ligand which 35 are
caused by poi nt nut ati ods perthguladiy cprebelrfed md e sol uirlen ped vires
activity, halfgli {8eOhereifd 9¥Sb/ébhylene glycol, abbreviated PEG.
PCT/ US95/ 03776 - 35- otyélny §2¥eO~
10 As used herein, polyethylene glycol is meant to
encompass any of the forms of PEG that have been used to
derivatize other proteins, such as mono-(Cl-Cl0) alkoxy- ' (
or aryloxy-polyethylene glycol.
As employed herein, MGDF is defined as
15 including any of the various forms of MGDF described
herein. For example, full-length or truncated,
glycosylated or nonglycosylated forms of MGDF are all
included. The following are preferred MGDF molecules to
be derivatized (in each case the numbering refers to the

20 amino acids numbered in accordance with FIG. 11):

MGDF-1 amino acids 22-353 FIG. 11
MGDF-2 amino acids 22-195 FIG. 11
MGDF-4 amino acids 22-172 FIG. 11
25 MGDF-11  amino acids 22-184  FIG. 11
MGDF-12 amino acids 27-353 FIG. 11
MGDF-13 amino acids = 27-195 FIG. 11
MGDF-14  amino acids 27-172 FIG. 11
MGDF-15 amino acids 27-184 FIG. 11
30 |
The above-preferred species may be glycosylated, non-
glycosylated, or de-glycosylated, preferably non-
glycosylated. They may be made recombinantiy in either
bacterial (e.g., E. coli) or mammalian (e.g., CHO)
35 cells. '

The following are particularly preferred sub-



“production_of the pol ypeptides encoded thereby are al so enc .p the
i nventi on. WR%H 6ng procedure as set forth in Exanple 11 bgggaiaggyha
followed and resulted in the amino acid and 5 cDNA sequences of the hunman
proteins MEDF-1, MEDF-2, and MEDF-3 disclosed herein. MaDF-1 is shown as
am no acids 22-353 in FIG 11 and contains 8%3-amino acids. MGDF-2 is a
truncated portion of MEDF-1, and is shown as am no acids 22-195 in FIG 11.
MGDF- 2 t her ef orgr&wpd abhschehdi cl 1yariend vatiided mbEBEulessoshthhsas ani no
acids 22-289 in FlG, 12 apd caontai 26 ) acids. . MGDF,

di scl osed herei%ﬂv??ﬁﬁ?&ﬂgkﬂnﬁf|qu§¥§§’n§h%ﬁgggfg%% 8 e%?igg?pshomhgéé am no
acids 1-21 in bty RES maietsns 1 attiachgds yigapn QFYEh@rp?ESEhtgFﬂ‘&%hf ive
pol ypeptides, 15 but it is preferably renoved for negakaryocyte grow h and
devel opnment activity to be exhibited. In summary, MGDFs 1-3 are defined as
fol | ows: MEBF-1 ami no aci dsPegydsted MGDFHls 11 20 MGDF- 2
am no acids 22-195 FI G pdgiidked MGDE# NO aci ds 22-289 FI G

12. In the assays presented herein - ingd MGDF-2 were active whereas
MGDF- 3 was not. 25 PE%%%aQ%% ?%%fg%tivity data presented herein

it is hypothesized that human MGDF is expressed in vivo as a substantially

i nactive or less active prec olgﬁgﬁg' ty 1133 Yiakd skl e
C-termi nal am no acids. pgngéﬁgéagbq 0 fﬁgpé§%§Pﬁﬁﬁg%&§%?ho gtids (as 30

wel | as thdOsi geerfoeped didern RN rdddsdde condisiops usge kB EBAFE Retain
activity or beco®) &®{&a PO} | akkt ive) stiWarice! Ratabaveabypotbedi polyhets

bel I eved that h%%{;ghle. Methods for preparing pegylated MGDF will

generally comprise the steps of (a) reacting an MGDF
polypeptide with polyethylene glycol (such as a reactive

15 ester or aldehyde derivative of PEG) under conditions
whereby MGDF becomes attached to one or more PEG groups,
and (b) obtaining the reaction product{s). In general,
the optimal reaction conditions for the acylation
reactions will be determined case-by-case based on known

20 parameters and the desired result. For example, the
larger the ratio of PEG: protein, the greater the
percentage of poly-pegylated product.

Reductive alkylation to produce a
substantially homogeneous population of mono-

25 polymer/MGDF protein conjugate molecule will generally
comprise the steps of: (a) reacting an MGDF protein with
a reactive PEG molecule under reductive alkylation
conditions, at a pH suitable to permit selective
modification of the & -amino group at the amino terminus

30 of said MGDF protein; and (b) obtaining the reaction
product (s} .

For a substantially homogeneous population of
mono-polymer/MGDF protein conjugate molecules, the
reductive alkylation reaction conditions are those which

35 permit the selective attachment of the water soluble
polymer moiety to the N-terminus of MGDF. Such reaction



may require processing (e.g., cleavage with a protease) in order to exhibit
its activbysnehhle fact that a 35 truncated form of MEDF- lpétuysesioaifeDr- 2)
is active supports this hypothesis. WO 95/ 26746

PCT/ US95/ 03776 -36- Conditioned nmedi um from human ki dney 293 cells
(I'nvitrogen) transfected with the MaDF-1 gene does denonstrate activity in

the cell assay of Exanple 4 below. On t he ~&%er hand, in other cell Iines,
e.g., 325 Dcells, no activitY was seen for this nolecule. It--is
hypot hesi zed cradithpasnagnesahly nexoviole iar Pka dififierensesr besvsenhe

MEDF- 1 nol ecukge BLSSHEBRRYNEYgtbtPS MA®@bhe Gidiind Rf-dl @tukdedri marily
responsi bl e for the_act|V|t¥ IS a truncated forn]tﬁ@&{ﬁ%& tgs 2 D10

cel |'s are unabr&erBippacatlepka ot+rq e B AW alfsvE&PRypot hesi s,
;/ari cr)]us activalmrmlkgleg%?ﬁsrrayerps&énfﬁfdnaﬂwrmiaagbs wt&t.hemeqpﬁnce SeL'
orth as - 1. _Structural .features conserved anong the .cytokine
famly, su%h 5&3%5395F§%%r5§8i5?Fh°(ﬁ3c§)’? YRS e pfr(ﬂfrel[ne%ﬂ ?’%elulsggl'

bundl es and f dwor gepetreilpesf thefpirisglewerthea Meger sempesscof Cys 172 is
]Ehe most C-tegimhy E{erekgnﬁggtgintfofﬁé’oé#gizoé@r¢:i!.ye .C,O'Eg;%r egdsand
unctional ly eésséenti al” "structures. erefore, eferred truncation

variants of 2&eagtdre] thpeNaherBindho¥caninge 4RG MRS RALYAESR i ons
fromanmino acindekéd te 88Bi&abofgt il &brdMandf. t e the pH is

10 higher, the polymer:protein ratio need not be as large
(i.e., more reactive groups are available, so fewer
polymer molecules are needed). For purposes of the ‘
present invention, the pH will generally fall within the
range of 3-9, preferably 3-6. |

15 Another important consideration is the
molecular weight.of the polymer. In general, the higher
the molecular weight of the polymer, the fewer number of
polymer molecules which may be attached to the protein.
Similarly, branching of the polymer should be taken into

20 account when optimizing these parameters. Generally,
the higher the molecular weight (or the more branches)
the higher the polymer:protein ratio. 1In general, for
the pegylation reactions contemplated herein, the
preferred average molecular weight is about 2kDa to

25 about 100kDa (the term "about" indicating + 1lkDa). The
preferred average molecular weight is about 5kDa to
about 50kDa, particularly preferably about 12kDa to
about 25kDa. The ratio of water4solub1e polymer to MGDF
protein will generally range from 1:1 to 100:1,

30 preferably (for polypegylation) 1:1 to 20:1 and (for
monopegylation) 1:1 to 5:1.

Using the conditinsns indicated above,
reductive alkylation will provide for selective
attachment of the polymer to any MGDF protein having an

35 o -amino group at the amino terminus, and provide for a

substantially homogenous preparation of monopolymer/MGDF



si gnal peptide Preferably, --the sequence of MEF-1 will have re %
fromit fr&Q ‘!f— 185 am no acids fromthe C-term nus, partll’%’p%?rsrg”
preferably, from90 to 25 172 amno acids fromthe C t erni nal .

di scl osed herein, the signal. peptide is thought to be 21 am no aC|ds in

| engt h; however, the signal peptide may have423 am no acids, based on the
sequence of MGEDF-1. - Accordingly, polypeptides corresponding to those 30

presented hereiﬁrmlmfr&&m Afd. AtTHROYlelrmOMmdfopbikhér /Méppr p2dtais al so
specifically contquﬁgi he following are sone s c_preferred--

variants. of et B, Ben B BonboRst LS penpsL 6
pronote the gromﬂaoémmmlgmw e laot/ler attached to an-MGBF prateiets;

or | ““im%i t92/r >2'/6 %ié%fé O Vel ooy %D%hsr%g%a&f‘gﬁ%%%sga 03776

-37- MGDF-45 Rpegfrrakigisill havera polgmer melpcpieslocatgfinat athels

22- 177 FI G ﬁJtQEEI%&% bdﬁ“dﬂ% %&!Q§51ne23m19$ sxdgléioﬁﬁs The
MGDF- 7 am no aci ds

. Wﬁb MGEDF- 8 am no ag 22- 265
FIG 11 MGDF- 1PPTeRARHG ORti'Hs L Pr?zfefgzi’ly be| greatert8afe3tfones, anino
aci ds 133-136 inoridpso lifine MNUDF] pretednc eonggatkseahd moréhpteﬂeqmlenges

cor respondi ng 16 40105¢ el ¥y AR ynlY MeBr"Bl6Pet HO8En 0k 20T dS are

m ssi ng (and th er m nus am
10 with the remalnder of observable molecules being

unreacted (i.e., protein lacking the polymer moiety).
The examples below provide for a preparation which is at
least about 90% monopolymer/ protein conjugate, and
about 10% unreacted protein. The monopolymer/protein

15 conjugate has biological activity.

For the present reductive alkylation, the
reducing agent should be stable in aqueous solution and
preferably be able to reduce only the Schiff base formed
in the initial process of reductive alkylation.

20 Preferred reducing agents may be selected from the group
consisting of sodium borohydride, sodium

_cyanbborohydride, dimethylamine borane, trimethylamine
borane and pyridine borane. A particularly preferred
reducing agent is sodium cyanoborohydride.

25 : Other reaction parameters, such as'solvent,
reaction times, temperatures, etc., and means of
purification of products, can be determined case-by-case
based on the published information relating to
derivatization of proteins with water soluble polymers

30 (see the publications cited herein). Exemplary details
are shown in the Examples section below.

One may choose to prepare a mixture of
polymer/protein conjugate molecules by acylation and/or
alkylation methods, and the advantage provided herein is

35 that one may select the proportion of monopolymer/
protein conjugate to include in the mixture. Thus, if



acid nunber adjusted down by 4) may al so be active. In one clone, which had

aterm iga?g don at 15 position 192, an Al a residue sEAfieNSt ead
of a Thﬁgbg | ug as shown at position 191 in FIG 11. There %ﬁe, t%e

i nvention includes variants of MEDF nol ecules in which position 191 is Ala .
i nstead of Thr. M3DF-3 results fromrenoval of a sequence 20 referred to
herein as IVS-5 (Interveni ng Sequence-5) S8me this sequence is spliced
within the fifth exon in the sequence. Since the 5 end of IVS-5 occurs

Wi thin a codalgsiidesi,r emevabyr psepasei a mitture-chivdrioud pratenm ni ng

sequence of Mﬁﬁf, Is C e r t; osition 160
of MaDF-3 to t él é’\r%(?fjfoggst ﬂgm%gfgcéﬁeégf\gﬁggtﬁ‘%? %/,f#]e:% %/%t%%faeéig found for
MGDF- 3 it sel fliufon Chanstedtriohetnto, 208Cck| and grmbing wigh Kder esul ting

condi tioned mRMJPHI ﬁ%&b’éb&ﬁ £Bnbh§a€e! hat SPia bagssb A asiingExanpl e 4.
Apparentl¥, unl i ke -1, 595 cella are unable to process MGDF-3 to an
active form TS SFETEREsDCtHRE8 BAC RRVE r 4RI Hre AT tesis set forth
above i n conmpasidetre rminkdVEDBpdrtionnocft momomdl Fadefprotairmn no aci ds from
MEDF- 3 may mq§#jgaﬁyé in 35 activity. For exanple, C-termnal truncation
of MEDF-3 of Trom t'o 102 amino acids may result in activity. WO

95/ 26746 The working examples below deEM$ISCELOIAVS - 38-

Preferably, fyQBa3Atiend@raehbnidaidy A6&1EFORMSbF THR the
10 preparation of MGDF pegylated wvia acylation and
alkylation. Thus, other aspects of the present

invention relate to these preparations. ‘

Geherally, conditions which may be alleviated
or modulated by administration of the present

15 polymer/MGDF include those described above for MGDF
molecules in general. However, the polymer/MGDF
molecules disclosed herein may have additional
activities, enhanced or reduced activities, or other
characteristics, as compared to the non-derivatized

20 molecules.

In yet another aspect of the present
invention, provided are pharmaéeutical compositions of
the above chemically modified MGDF molecules. Such
pharmaceutical compositions may contain any of the

25 ingredients specified herein for non-derivatized MGDF
molecules.

As further studies are conducted, information
will emerge regarding appropriate dosage levels for
treatment of various conditions in various patients, and

30 the ordinary skilled worker, considering the therapeutic
context, age and general health of the recipient, will
be able to ascertain proper dosing. Generally, the
dosage will be between 0.01 pg/kg body weight
(calculating the mass of the protein alone, without

35 chemical modification) and 300 pg/kg (based on the
same). The preferred dose will generally be from 5



speC|f|c pég&ﬁé@gﬂsvariants of MEDF-2 are: M3DF-9 22-179 dﬁﬁ §81039716 °

FIG 12 In all of the Ml Iigands dlsclose erein,
|nclud|ng t he exenplary MaDFs set forth above, a nethionyl residue my be
present at the N-term nus, 10 especially when such pol ypeptides are
expressed in bacterial host cells. Ml |igam#3ol ypeptides nmay al so be
produced by known conventional chem cal synthesis. N@thods for constructing

t he pol ypeptideF?safc tBSdpr»eéfastlwemo 1:% BO4yS Wl ri%u_%%l nown

to those of ski in the art.” The synthetl Iy constructe l'i gan

pol ypept i de seqBEREREaPHY @F?WL&Pcﬁg§ﬁhr cé@@bH@é*? beAYt erti ary
structural and genggemational characterlstics mnth Nbl | i gand pol ypepti des
may possess 20 Ml |igand biol ogical properties in common therew th. Thus,
they may be enpl oyed as biologically active or inmmunol ogi cal substitutes
for natural ,5 purified Ml Thegppdsent ypepéntlben i al $deprpeides aamethod

DA Sequences BECSPECIRRERY (MSPE (ot e Ui t5iicla BeiadpblT 1AE8] 2°3 1
usi ng known techqtquesfrmm%azhwﬂ}f iQnee medthady ath &hgplprieisgatd

sequences may Imﬁwﬂelwelﬁe&i@&semmam% it AbMACledldoRnngf ad sphect ed
amno acid residue 30 in the coding sequences. Mitagenesis techniques for

such repl acenenti98RdePet vReR iR QN?QﬂQ¥Rﬁ9§sHQHOWFCFGrbﬁQ TRXe 88 in
the art. [Sae, exfires$ién £pstemMoford NP8, Nifitand .Cons elelricted tbatgeslin from

1 to 20 amno is transfected with the vector and cultured. The method

of this present invention therefore comprises culturing

a suitable cell or cell line, which has been transfected

with a DNA sequence coding on expression for an Mpl

15 1ligand polypeptide under the control of known regulatory
sequences. Regulatory sequences include promoter
fragments, terminator fragments and other suitable
sequences which direct/control the expression of the
protein in an appropriate host cell. The expressed

20 factor is then recovered, isolated and purified from the
culture medium {(or from the cell, if expressed
intracellularly) by appropriate means known to one of
skill in the art. Additionally, the methods disclosed
in U.S. Patent 5,272,071 are also contemplated to be

25 applicable to the inventive polynucleotides/
polypeptides.

_ Suitable cells or cell lines may be mammalian
cells, such as Chinese hamster ovary cells (CHO) or 3T3
cells. The selection of suitable mammalian host cells

30 and methods for transformation, culture, amplification,
screening and product production and purification are
known in the art. See, e.g., Gething and Sambrook,
Nature 293: 620-625 (1981), or alternatively, Kaufman et
al., Mol. Cell. Biol., 5 (7): 1750-1759 (1985) or Howley

35 et al., U.S. Pat. No. 4,419,446. Other suitable
mammalian cell lines, are the monkey COS-1 and COS-7



acids are preferred. Preferred peptides may be 35 generated by proteolytic

enzynes, I rect chem cal synthesis. Such variants a W thin
Tha’ "o Bes s PEURAEIE 2

-39- neani ng of Nbl | i gand pol ypepti des and pol ynucl eoti des of the present
I nvention. Specific nutations of the sequences of the M I|igand

pol ypeptide may involve nodifications of a5& glycosylation site (e.g.,
serine, threonine, or asparagine). The absence of glycosylation or only
partial glycasglatiioresy,catd thel gW-antedlalife SubBhrthét askenipXtahyet i on at

any asparagi ne Ked I osyl t| nition sit at_any,site of the
10 nol ecul e %M &4 é%lsfq"l %lgy ggg:iﬁﬁg S%m&'?l ‘ﬁigldozgla?%soh ate. An
aspar agi ne- | mﬂ@t&tltglqasld-swiaﬁson inedudangi brnansfermedprebesiinesi pepti de

sequence Whi Gibins 1S Qﬁ%lfdﬁialde)urseceq@uzgérbznép&éf?m&t@r&ﬁ' w' #tro
gl ycosyl ati on enzynes. These tripeptide sequences are ei t her

Asn- Xaa- THr dTRAtFEKLE BFimapyetd S8Yg, caf Bﬁlﬁn?sam’:fffba%%l?f‘l&%s't han Pro.
A variety of aré nlscishitable tutanasaatedeéﬂsomsyaubeog@ﬁyfﬂmanw t he

R e
non- gl ycosy! adominaxit Iyhaatrdicf isedectipapgede. segtiker esuibkabwbssi on of such
al tered nucl gl o) SEAUGNGES sReIIYGRT uME bAP! SréMh&P Mfited to,
10 Hela, mouse L-929 cells, 3T3 lines derived from Swiss,
Balb-c or NIH mice, BHK or HaK hamster cell lines.

Similarly useful as host cells suitable for
the present invention are bacterial cells. For example,
the various strains of E. coli (e.g., HB10l, DH5C, DH10,

15 and MC1061) are well-known as host cells in the field of
biotechnology. Various strains of B. subtilis,
Pseudomonas spp., other Bacillus spp., Streptomyces
spp., and the like may also be employed in this method.

Many strains of yeast cells known to those

20 skilled in the art are also available as host cells for
expression of the polypeptides of the present invention.
Additionally, where desired, insect cells may be
utilized as host cells in the method of the present
invention. See, e.g. Miller et al., Genetic Engineering

25 8: 277-298 (1986) and references cited therein.

The present invention also provides
recombinant molecules or vectors for use in the method
of expression of novel Mpl ligand polypeptides. These
vectors contain the Mpl ligand DNA sequences and which

30 alone or in combination with other sequences code for
Mpl ligand polypeptldes (with or without signal
peptides) of the invention or active fragments thereof.
Alternatively, vectors incorporating modified sequences
as described above are also embodiments of the present

35 invention and useful in the production of Mpl ligand
polypeptides. The vector employed in the method also



not gl ycos§, ated at that site. 25 Additional Anal ogs/Derivatives of MDF
&%’B“‘derl vatives of the sequences of MGDF (Ml H@&éﬁ?ﬁ/&;’?ﬁm ch

O her anal
may retain MDF (Mpl 30 ligand) activity in whole or in part may al so be
prepared by one of skill in the art given the disclosures herein. Such

nodi fications are al so enconpassed by this +gyention. Mre particularly,
the present invention also 35 broadly includes chenically nodified M3DF

conposi tions and wdinds festRlE '}Qgﬁﬂﬂt%&“geﬁbéﬂhel henPEseeft ive VIO
95/ 26746 CT/ US95] 03776 - 40-

di scl osure reveiipiqn with,sbe B2 codiBai F?W%nﬂft%h%nhance its

properties. In mmﬂﬁctand RapabeeeBE uﬁlreatmg £RéateplicattodMaEdd pr oduct
conprising an MZDE i_nk d .to 5.at ter sol ubl e pol yner

e Sl SEE g b
noi ety. In anot aspe & pré’éle £ SRt PBR-r EFat8s to an MEDF pr oduct
wherei n sai 8 MGDF pr ot ei rone Yegticed itso piM,| eddichode pekyéchyaehg gl ycol

mol ecul e. 1 n anQdelhL APedr izelssd min' g QnEEQﬂslf)Y ée|%ﬁ? d© MDF

nol ecul es attached tq at Ieast one po é ene gly nol ecul e via an acyl
or al kyl |inkadeetPdds a7l néi‘% eEaWPFéBroUPlS b asy

desirable for expre551on in mammalian cells, e.g., CHO
cells, is pEMC2Bl. Mammalian cell expression vectors

10 described herein may be synthesized by techniques well
known to those skilled in this art. The components of
the vectors, e.g. replicons, selection genes, enhancers,
promoters, and the like, may be obtained from natural
sources or synthesized by known procedures. See,

15 Kaufman et al., J. Mol. Biol. 159: 511-521 (1982); and
Kaufman, Proc. Natl, Acad. Sci. USA 82: 689-693 (1985).
Alternatively, the vector DNA may include all or part of
the bovine papilloma virus genome [Lusky et al., Cell
36: 391-401 (1984)] and be replicated in cell lines such

20 as C127 mouse cells as a stable episomal element. The
transfection of these vectors into appropriate host
cells can result in expression of the Mpl ligand
polypeptides.

Other appropriate expression vectors of which

25 numerous types are known in the art for mammalian,
insect, yeast, fungal and bacterial expression can also
be used for this purpose. _

The conditions to be treated by the methods
and compositions of the present invention are generally

30 those which involve an existing megakaryocyte/platelet
deficiency or an expected megakaryocyte/platelet
deficiency in the future (e.g., because of planned
surgery). Such conditions will usually be the result of
a deficiency (temporary or permanent) of active Mpl

35 1ligand in vivo. The generic term for platelet
deficiency is thrombocytopenia, and hence the methods



of the pegylation reactions known in the art. See, for 15 exanple: Focus
on Gowmh Factors 3 (2): 4-10 (1992); EP 0 154 316; EP 0 4 . d the
ot her puB@%26748ns cited herein that relate to pegyl ati on?%%%m%]y, t he
pegyl ation is carried out via an acylation reaction or an al kyl ation
reaction with a reactive polyethylene 20 glycol nolecule (or an anal ogous
reactive water-soluble polyner). These pre$2fred neans for derivatization
wi th pol yethyl ene glycol will now be discussed in greater detail. 25

Acyl at ijon_ Pe%ﬂcﬁtdd]c?tfpcfs?&t&%ﬁﬂsﬁbifo ahlgeﬁetlraaéigé GiﬂVéhht/ﬂSn raeN%&DtFééwemlaspt iAve
ester derivative of polyet ene 0 with an protein. Any
known or sub<EfiRIAP 5¥§b5§§P§dnge§§FP °ﬁ¥%93%? Rule may be 30 used to
carry out the pegyl ati drhxdmbdedft.opehipr dpdatedeactefdctenE€spshay i s PEG
esterified t X%HPQ) lspi.de . =) - 4 ' . | ati on”
is conte |a?§%ﬁ%{?%%§ﬁﬂJ ed ﬁ?ﬁ%ggtrF?%$$%%i%ﬂé?%gfﬁgl%éﬁﬁﬁékiﬁ' s of

| i nkages Bet MWEHT £NETRAPNaMdth38 Vasiaby e0hoiynes, SKRMAGLPEG  ani de,

carbamate, Ureidiags, Bubdery,| akeideiea1Bhesen 1esss SBLiy 133- 140
(1994) . WO 95/ 26,746 g

PCT/ US95/ 037 7Pt 1 R&LSSass CORGAELORS - nuf*BBPLRr R EReCH Hin HRPAR® t hose
known in the gegddwaions thidt dnvoloeethpbabqogtbpenievahdpsaly ¥t shoul d

avoi d Conditié%@%é%&*&ﬁ”%ccordance with this invention are: aplastic

10 anemia, idiopathic thrombocytopenia, metastatic tumors
which result in thrombocytopenia, systemic lupus
erythematosus, splenomegaly, Fanconi's syndrome, vitamin
B12 deficiency, folic acid deficiency, May-Hegglin
anomaly, Wiskott-Aldrich syndrome, and paroxysmal

15 nocturnal hemoglobinuria. Also, certain treatments for
AIDS result in thrombocytopenia (e.g., AZT). Certain
wound healing disorders might also benefit from an
increase in platelet numbers.

With regard to anticipated platelet

20 deficiencies, e.g., due to future surgery, an Mpl ligand
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 could be administered

25 along with blood or purified platelets.

The Mpl ligands of this invention may also be
useful in stimulating certain cell types other than
megakaryocytes if such cells are found to express Mpl
receptor. Conditions associated with such cells that

30 express the Mpl réceptor, which are responsive to
stimulation by the Mpl ligand, are also within the scope
of this invention.

MGDF molecules that are not themselves active
in the activity assays presented herein may be useful as

35 modulators (e.g., inhibitors or stimulants) of the Mpl
receptors in vitro or in vivo.



t enper at ur t, and pH that would inactivate the 5 I to be
Mot y1 S HESITIR

nodi fi ed. n conditions that apply generally to peg

wi |l be described below. An exenplary reaction with an NHS ester of
nmonomnet hoxy- PEG i s depicted in FIG 14. Pegyl ation by acylation wll
generally result 10 in a poly-pegyl ated MER3product, wherein the |ysine
[err]- am no groups are pegylated via an acyl |inking group. Preferably,

t he connecting |inkage w Thebpoaypept ildes AdS ctlps gy sadiity ,idvemtriesiintaiyng

product wil| beafggsﬁén%iégi%%e@@for({; Gr difldolpdnth (BB Gell Hefblr - 10
pegyl ated. However, so speci es W t'h hi gher "degrees of pegyPa on (up to
t he maxi num nunBgkokineysiselykele MudninpeaRtiar ghemps oppiREE frSOsRe
[errliamdno g& Qyﬂté‘il%lﬂl@‘i@éﬂ r@?&axﬁnf&&t s @Fc?ht%bh_ i@gr,galn: ]gfhgg fgrm%‘d Id n
amount s dependi ng on the specific reactjon conditions. ysed. esire
nmore purifi gd p‘ég??%\‘f‘%%lt s‘bgcsﬁ FRAY S Tty SONGAEERBSM xt ur e,

particul arly unreacted spEhepéfoby, sésngst cangutihdd caipevt tofC ubeques,

i ncl udi ng, anon er Lalysis, salting-out,. . ultrafiltration

| on- exchange chPRIRTGHIAAE SaRais ComEas L CRRGnarsoF A5R) Ladathe

el ect rophor esi scomdikiyiens ore fRegpdditticombpwenl kyBuahi compesétabhyg i nvol ves
reacting a term Y #%g' t f iLLh oLegi uch as
MEDF in the prg%gﬁégg%?q£ §€%l{|%%§Ei§§%i)%g?%%qggéagéfggfoﬁ?' ?sgﬁgsed
above, thelPeactitmne RREYReRIide O dherapentionllpegffactanepy

al kyl ati on can fts@méesWhetebMalny REMGMtHred Wiich-a PRackaBRhE i alleguctive

al kyl ati on acceptable carrier. The carrier material may be water
for injection, preferably supplemented with other
materials common in solutions for administration to

15 mammals, Typically, an Mpl ligand therapeutic will be
administered in the form of a composition comprising
purified protein in conjunction with one or more
physiologidally acceptable carriers, excipients, or
diluents. Neutral buffered saline or saline mixed with

20 serum albumin are exemplary appropriate carriers,
Preferably, the product is formulated as a lyophilizate
using appropriate excipients (e.g., sucrose). Other
standard cérriers, diluents, and excipients may be
included as desired. Other exemplary compositions are

25 Tris buffer, pH 8.0 and acetate buffer, pH 5.0, which,
in each case, may further include sorbitol.

The present compositions can be systemically
administered parenterally. Alternatively, the
compositions may be administered intravenously or

30 subcutaneously. When systemically administered, the
therapeutic compositions for use in this invention may
be in the form of a pyrogen—-free, parenterally
acceptable aqueous solution. The preparation of such
pharmaceutically acceptable protein solutions, with due

35 regard to pH, isotonicity, stability and the like, is
within the skill of the art.



35 reaction with MEDF to yield a polypegyl ated product is shown in FIG
15. In a %g@g. one can mani pul ate the WO 95/ 26746 PCTIUS9%/03776

PCT/ US95 - reaction conditions as described herein to favor

pegyl ati on substantlally only at the [err]-am no group of the N-term nus of
the MEDF species (i.e., a nono- pegyl ated species). An exenplary reductive
alkylation 5 reaction with MGDF to yield aS54onopegyl ated product is shown
in FIG 16. In either case of nonopegyl ati on or pol ypegylation, the PEG
groups are preferably arhactiedage tégimemtinvolned an [eemethdd figroup. With

particul ar T eLeLgosse  hl NEpL AL Ile Aoy (i (NBROLahhnkgOe 15 10

referred to herern a rivati zatlon Vi a reductive
al kyl ati on t odpEezmERed hbh@@%g@ﬁ%ﬁnﬁﬁqﬁ(nhxﬁiQéﬂM:oppgséﬂﬁténsnt|aI

reactivity of vaE.Bﬁéeﬂécﬁd’%swﬂicl{)rﬂlMﬁ& Q:'Hé“%cﬂ:&%‘zhp%f( b¥ag8e ¥egsus the
N—termrwﬂ%-avallable % enﬁgﬁlzatlon In he réactjon is
performed at 5P ﬁFF?§Ee°%%$ o ORhh ¥HW§§&P§Unéeﬁbapgkgléavaﬁt55@ of the pKa
di ff erences bphuﬁentthenéesé?ef&myubgyanyxinﬁédﬂmbd,ytume b€si dues and t hat

of Lhe a-ami ng.i 0u0e gl 10e Mg SLalcr Al e s r ey By such

sel ective 20 deriva |za I 0N, §01°'ub f that
contai ns a re&bei daigyvoupgimen showld Helaln dde tr@naeploét §i.A-1808ont rol | ed:

tl\pteefgnmn 3gag . ﬂmc%gbaﬁgeof%yﬂqlémspﬁ&% Predeaighant! ¥nakeb#eper
10 kllogram of body weight. _

The therapeutic methods, compositions and
polypeptides of the present invention may also be
employed, alone or in combination with other cytokines,
soluble Mpl receptor, hematopoietic factors,

15 interleukins, growth factors or antibodies in the

' treatment of disease states characterized by other
symptoms as well as platelet deficiencies. It is
anticipated that an Mpl ligand molecule will prove
useful in treating some forms of thrombocytopenia in

20 combination with general stimulators of 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
(OSM), or other molecules with'megakaryocyte stimulating

25 activity may also be employed 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

30 stimulating factor (G-CSF), EPO, 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 causing

35 megakaryocytes to fragmént into platelets once the
megakaryocytes have reached mature form. Thus,



protein and no significant nodification of other 25 reactive groups, such
as the | ys™RISMI6MS6 chai n anmi no groups, occurs. In one inport %\"‘3193 6. the
present invention provides for a substantially honbgeneous preparation of
monopol ymer / MGDF protein conjugate nol ecul es (nmeani ng MGDF protein to which
a polynmer 30 nol ecul e has been attached substsgstially only (i.e., [err]

9599 in a single location). Mre specifically, if polyethylene glycol is

used, the presephmiRYSPEALNoR! 8 MEPVI dfishd O(t&%ﬂaa;&d tMeDh upbRte o
Iacklng possi bly antigenic_ linking groups, and _ having the polyethylene 35

gl ycol nDIecuIemGFP§§tF9gébﬁﬁ¥%EW§%ﬁ He Mg 3t @dmingistratiion, of; EPg; r ed

aspect, the presedible MPLO9Pd2Eg¥br (to inactivate the ligand and allow
PCT/ US95/ 03776 -43- vention relates to re| t he PEG

| d .
group(s) is (ar&? a??ggﬁﬁdme?%k%£§9c¥ﬁe%ﬂ%g&xﬁggﬁﬁéE‘Rge&%%cuss d above,
such product®s negpbetednbepegyd apaxk beulestly wffidction Mmeags, ofont ai ni ng
2-6, preferablygs2ipyia ﬂ?& 19.’( Bt Prbaddid di OURR Ao sdgRe raldix edl t ached

to the protein at the [err] err]” am no groups of am no acids, but it is
al so cont enpl at 8ROVRalOEH] P%E BGIBthRA dRuIPIRenatec FF S¥CEBny ani no group
attached to theapgotebhal WbbkPonéntself{n aiientine rapriitiive dompededenat t ached

ol ecul s useq PROBEERS RE. EhGI et aRFASE Sab P merosched B be
sel ected fridn conventional methods.

Other uses for these novel polypeptides are in
the development of antibodies generated by standard
methods. Thus, antibodies that react with the Mpl
ligands of the present invention, as well as reactive

15 fragments of such antibodies, are also contemplated.

The antibodies may be polyclonal, monoclonal,
recombinant, chimeric, single-chain and/or bispecific,
etc. The antibody fragments may be any fragment that is
reactive with the Mpl ligand of the present invention,

20 such as, Fab, Fap', etc. Also provided by this
invention are the hybridomas generated by presenting Mpl
ligand or a fragment thereof as an antigen to a selected
mammal, followed by fusing cells (e.g., spleen cells) of
the animal with certain cancer cells to create

25 immortalized cell lines by known techniques. The
methods employed to generate such cell lines and
antibodies directed against all or portions of a human
Mpl ligand polypeptide of the present invention are also
encompassed by this invention.

30 The antibodies may be used therapeutically,
such as to inhibit binding of the Mpl ligand and its
receptor. The antibodies may further be used for in
vivo and in vitro diagnostic purposes, such as in
labeled form to detect the presence of the Mpl ligand in

35 a body fluid.



anong water soluble polynmers or a m xture thereof. The polynmer sel ected
should b sol uble so that the 15 protein to which i : hed
does notggﬁgkpz % ate in an aqueous environment, such as a‘%ﬂ?@?@@%@?ea|

envi ronment. The pol yner sel ected should be nDdified to have a single
reactive group, such as an active ester for acylation or an al dehyde for

al kyl ation, preferably, 20 so that the de§bee of polynerization may be
controlled as provided for in the present nmethods. A preferred reactive PEG
al dehye i s pol yethyl ene gl ycol propioral dehyde, which is water stable, or
nono C -Cl10 al koxy or aryloxy derivatives thereof (see, U S. Patent 25
5,252,714). The polyner may be branched or unbranched. Preferably, for

t herapeuti c use of the The-fobloxingrepmpliesomre Haciadedetowmbkebe

phar maceutic ol; ynme ected from
t he group coﬁ€+%t ff%ﬁ éﬁﬁ;gEE % p% 1gP%ﬁF2§g ﬁd&?ﬂ Qfaff}

mononet hox»y- p%¢?%§h®¥%ﬁﬁ#%ﬂ)Rﬁ9Vl FFﬁiﬁrrﬁélﬁmbPﬁﬂvﬁﬂpﬁ 9§r¥%$|done)

pol yet hyl ene ghy&®tiom) cmw e GJd;th{eammaoth&sma eryer@mféaﬁ

oxi de/ et hyl ene_oxi de_co pQ eth 8 p é | ycerol)
ond pol yut nyl SBTSBRGTS L QREdyc ) Sren r mer bEdsl SY mERE 58 ek (o)
sel ected shoupﬂohadmrassdéqﬁnibeﬂuﬂn\uheefb&ﬂogingpexEmplehe present
reductive %g{g%ég 74f% 1
PCT/ US95/ 0377 %i RAHVS REOSSIANESS s TS PERY S nih WieIY A
single 10 recognized manuals of molecular blology such as, for

example, Sambrook et al., Molecular Cloning, Second

Edition, Cold Spring Harbor Laboratory Press (1987) and

in Ausubel et al., (Eds), Current Protocols in Molecular

Biology, Greene associates/Wiley Interscience, New York

15 {(1990) .
EXAMPLE 1
Aplastic Canipe Plasma
20 Heparinized aplastic canine plasma ("APK9") or

normal canine plasma ("NK9") was produced as described
in the following publications, except that 450 rads of
total body irradiation were delivered to recipients:

25 1. Mazur, E. and South, K. Exp. Hematol. 13:1164-1172
(1985) .

2. Arriaga, M., South, K., Cohen, J.L., and Mazur, E.M.
Blood 69: 486-492 (1987).

30
3. Mazur, E., Basilico, D., Newton, J.lL., Cohen, J.L.,
Chariand, C., Sohl, P.A., and Narendran, A. Blood 76:
1771-1782 (1990).



reactive al dehyde group. Generally, the water soluble poly be
-sel ect ed fw&ﬁ%é'f"ﬁr al ly-occurring glycosyl residues since ng%e%sual ly
made nore 5 conveniently by mammal i an reconbi nant expression systens. The
pol ynmer may be of any nol ecul ar wei ght, and may be branched or unbranched.
A particularly preferred water-sol ubl e pol yné#-for use herein is

pol yet hyl ene glycol, abbreviated PEG 10 As used herein, polyethylene
glycol is nmeant to enconpass any of thexhAmpng »f PEG that have been used to
derivatize other proteins, such as nono-(Cl-Cl0) al koxy- or

aryl oxy-pol yethyl ene glycol. As enpl oyed hereln MEDF is defined as 15

I ncl udi ng any of the various fSRRSAGHCHERELY S baRE&erei n. For exanple,

full-length or truncated, glycosylated or nong{ycosylated forms of MGDF are
all included. The fol | owin araﬁ;referred nol ecul es to be derivatized
(in each caSe the nunberi srartignated HRKD wedied @S§GHES £8Ti n

accordancg Wit h:zrgé %bﬂ-lla)t y MDistlimulade @evedopment 32- ﬁﬁﬁarzl FI G 11F:\/23F-1 i
am no acl as acl
25 RIFRAYOC YA G001 (D34 PrOFRRLEOIrPELley B2  am no

aci ds 27- 3Alectdd Gellils M@DE—b&talaEﬂnﬁramlderlphéfalgﬁloodFtéilal
MCDF- 14 am no, acid 1 lggDF 0 gcids 27-184
FIG 11 30 The 5%6%é§pre erreéﬁépécﬁgg.ﬁaé Fyéosy g%gd §non-

gl ycosyl at 88, dioxrkeftlcdsyl Rrekawgyeller aBpg ﬁﬁﬁtr P. Molecular
Biology of Haematopoiesis 3:15-31,1994) and were

incubated in the following culture medium: Iscove's
modified Dulbecco's medium {(IMDM; GIBCO, Grand Island,
NY) supplemented with 1% Glutamine Pen-strep (Irvine

15 Scientific, Santa Ana, CA) and 10% heparinized,
platelet-poor, human AB plasma. Also included were 2-
mercaptoethanol (10~4 M), pyruvic acid (110 pg/ml),
cholesterol (7.8 pg/ml), adenosine, guanine, cytidine,
uridine, thymidine, 2-deoxycytosine, 2-deoxyadenosine,

20 2-deoxyguanosine (10 Wg/ml each, Sigma); human
recombinant insulin (10 Hg/ml), human transferrin (300
Mg/ml), soybean lipids (1%, Boehringer Mannheim,
Indianapolis, IN); human recombinant basic fibroblast
growth factor (2 ng/ml, Genzyme, Cambridge, MA); human

25 recombinant epidermal growth factor (15 ng/ml),
platelet-derived growth factor (10 ng/ml, Amgen, Inc.,
Thousand Oaks, CA). CD34-selected cells were plated at
2x105/ml culture medium, 15 ul final vdlume, in wells of
Terasaki-style microtiter plates (Vanguard, Inc.,

30 Neptune, NJ). Cells were incubated at 37°C for 8 days
in humidified boxes in 5% CO2 in air, fixed directly to
the culture wells with 1% glutaraldehyde, and incubated
with a monoclonal antibddy cocktail (anti-GPIb, anti-
GPIIb, (Biodesign) and anti-GPIb (Dako, Carpinteria,

35 CA). The immune reaction was developed with a
streptavidin-beta-galactosidase detection system



gl ycosyl at ed. They nay be nmade reconbinantly in either bacterial (e.g., E

coli) or an , CHO 35 cells. The follow ng a@%ﬂﬁﬁs'.' arly
preferreanﬁgﬁﬁhk MD 95/26746 Shiie

PCT/ US95/ 03776 -45- groups of chemically derivatized nolecules of this

I nvention (in each case, they are nono- or poly-, e.g., 2-4, PEG noieties,
attached via an acyl or alkyl group): 5 =58- pegyl at ed MGEDF-11
~pegyl ated MGDF-4 pegylated MaDF-2. I n general, chem cal derivatization may
be 10 perfor (edstsiterk ArKikedaatide andnGelrreh . USHdgakargacyta@s pi ol ogi cal |y

active subst Epggnﬁépe@e%rgct |bvlq11t e%dqglryn% rrgr?lgggmégd(glﬁgogg for preparing

pegyl at ed y conprlse’the reacting an M3DF
pol ypepti de V\M?\epm@'em@ﬁ%n@-@me( SticR08¥ magnificavial. ester or

al dehyde der | XadiVes Ofed Prdiliftec 3 kbie0BY 1L SRUmBED oRecomes at tached

to one or nore PEG groups, and (b) _obtaining reaction Eroduct (s). In
general , the %@Q?*&ﬁy?ﬁﬁﬁﬂﬁ(ﬂ??ﬂﬂﬁ%%lﬁdnssFGPdPﬁe 8EYPEL PEN P%a%??%ns will

be deterni ned(sm)e bymaﬁﬁnéamés;n detawweZe pRakaftear snap@rmseoflesired
ber cent age. of BeTSEERENTA LTI "RETc EPcIRPRAF At POMPL R o7 oduce &
glven sample induced megakaryocyte development was
normalized to the positive APK9 control for that
10 experiment. One unit is defined as the amount of
material that results in the same number of
megakaryocytes as 1 ul of APK9 standard. Activity was {
accepted as due to MPL ligand if it could be blocked
with 5-10 ug/ml MPL-X (soluble Mpl receptor).
15 APK9 has been demonstrated to contain
factor(s) that stimulate human megakaryocyte development
in this system. CD34-selected cells incubated with 10%
NK9 for 8 days show a negligible number of blue-stained
megakaryocytes, whereas CD34—seleéted cells incubated
20 with 10% APK9 for 8 days show a very large number of
blue-stained megakaryocytes.

FIG. 2 shows that increasing concentrations of
Mpl-X added to the human megakaryocyte culture system
increasingly block megakaryocyte development. At

25 concentrations of Mpl-X greater than 5 pg/ml, inhibition
is complete. 1In this experiment, CD34-selected cells
were stimulated with 5% APKO9. This demonstrates that
an activity which interacts with Mpl-X (presumptive Mpl
ligand) is necessary for human megakaryocyte

30 development, and implies that the Mpl ligand is present
in APKY itself.

It has been further demonstrated herein that
the Mpl ligand activity necessary for human
'megakaryocyte development is present in APKS. APK9 (135

35 ml) was diluted 6-fold into Iscove’s media and applied
to an Mpl-X affinity column. Unbound material (flow



substanti al honogeneous popul ati on of nono- 25 pol yner/ MDE protein
conj ugat e ﬁﬁ%@ € will generally conprise the steps of: (a qI e ﬁE‘an
MGEDF protein mnth a reactive PEG nol ecul e under reductive al kyl ation
conditions, at a pH suitable to permt selective nodification of the
a-amno group at the amno termnus 30 of s&%4 MGDF protein; and (b)
obt ai ning the reaction product(s). For a substantially honogeneous

DFEU: a{lon of rwtﬁot wh)y&wtfé 'midﬁ'd%{&ldhdlwnlé&ﬁ'&ﬁa&@he%w efet BQI?EH?@“VG
al kyl ation reacti n i ons_are thos erm ive
attachnent of tYl% & é%’f%tﬁsésaﬁlol y%&n F@%ﬁﬁ"&l Eshﬁﬁﬁiﬁgn §’RbDF
Such reaction ofVSDIgBia_IEUA&nd 20% of the pool was diafiltered and

PCT/ US95/ 03776 cdifseOntlidd e AN YA i sBiovi €834060pKar gl Lot egoes

bet ween the | ysj ne am no groups an he a-am no group a term nus
(the pKa bePng i#eabared ifhinedizosnlene dddamrtodgvedps a&rtOpr ot onat ed and

50%21 ar? not ). Eﬁegl antéﬁzcai;aﬁsafflfaalast ﬂeac:u@talt@doﬁnpghsymst @s&ﬁx@tﬁdt:@lto Pe
use n genera i S a lar exce pol ynmer to protein
will be desiredy |a%p 9 &S&Hﬂ\égcﬁe\}’glf’ﬁg%wif”é?m aaf’/ gm no group, the
nor e pol yner neea&&kaIyquyneaupeapMmﬂﬂl cCOedilsi anspbatédt be pbkisf 1bhdi gher,
Lre Dol b b Ui dudd it daed Ml B5cR2188 hel neBBEELLSAGLLYS OF OUPD

are avail abl e ewer ecules are-nee poses of the
10 Cells 1ncubated in 10% of the elution pool developed

-into 120 +/- 44 megakaryocytes per well. Both the

column load and the elution pool activities were

substantially completely inhibited with 5 pg/ml Mpl-X in

the assay.
15
EXAMPLE 3
I E ! ] E 1] ] ll ] I ] |
. 11 14
20 .
A. Murine Mpl Receptor

The full length murine Mpl receptor cDNA was
subcloned into an expression vector containing a
transcriptional promoter derived from the LTR of Moloney
25 Murine Sarcoma virus. 5 Mg of this construct and 1 Ug
of the selectable marker plasmid pWLNeo (Stratagene)
were co-electroporated into an IL-3 dependent murine
cell line (32D, clone 23; Greenberger et al., PNAS
80:2931-2936 (1983)). Cells were cultured for 5 days to
30 recover from the procedure, then incubated in selection
media including 800 ug/ml Geneticin (G418, Sigma) and 1
ng/ml murine IL-3. The surviving cells were then
divided into pools of 2x105 cells and cultured until a
population grew out which could be further analyzed. Six
35 populations were tested for surface expression of Mpl
receptor by FACS analysis using a polyclonal rabbit



present invention, the pHw !l generally fall wthin the range of 3-9,
preferab ;5,%7] 5 Anot her i nportant considerq{a%ﬁ' okB3t7b e
noleculabmﬁelg %éfﬁ the polyner. In general, the higher the nolecular

wei ght of the polyner, the fewer nunber of polyner nol ecul es which may be
attached to the protein. Simlarly, branching of the polynmer should be
taken into 20 account when optim zing thes®0paraneters. Generally, the

hi gher the nol ecul ar wei ght (or the nore branches) the higher the
pol ymer : pr ot eentipéepbidé nsgeurer alQnd gopviatjieyy wasi choseac foonEACS

cont enpl at ed A r r e [ L.s about 2kDa
to 25 about 1g§EE%H?t%£f?€r€$$£%§%%gﬁﬁﬁggﬁgggﬁb%%ggﬁlg%k%§%9kéhe preferred
average nol ecGinglaerght ¢longmrf SHEn nagFemfogelidoidae parei seleected
ltor ef erably ?bgyt g}ﬁ@@ i fdls?wtp@@a# G'Q}%fri%ti'tnq gg.gxﬁ/%&eggiebeb%s Pﬁ: ym(s][

o MEDF protein geperal ly range from 1: Q -1, preferably (for
pol ypegyl at i oﬁfK\g: §°Fo§§ 13YS$nd-Re cﬁe%d‘ﬁgﬁywpﬁﬁ)"“f@llf‘o%?ﬂm&i ng the
condi tions i ndueahedIBbBVe, Otiedittihe saldolloneson 1W6l.1, pwagi deeliofosel ecti ve

att achnment oftLQg th%ﬂg% LO-ny MEDF protein having an 35 a-ami no group at
the am no termnus, and provide for a substantially honbgenous preparation
of nonopol yner / MGDF WO 95/ 26746 .

PCT/ US95/ 03776 -47- protein conjugate. The term "nonopol yner/ MGEDF protein

10 B. Human Mpl Receptorxr
The full length human Mpl receptor sequence
(Vigon, I., et al., PNAS 89: 5640~-5644 (1992)) was (

subcloned into an expression vector containing the
transcriptional promoter of Moloney Murine Sarcoma virus
15 (same vector as with the murine receptor). Six pug of
this construct and 6 |g of an amphotrophic retroviral
packaging construct (Landau, N.R., Littman, D.R., J.
Virology 66: 5110-5113 (1992)) were transfected into 3 x
106 293 cells using a CaPO4 mammalian transfection kit
20 (Stratagene). The same cells were retransfected after 2
days and again after 4 days. The day after the last
transfection the 293 cells were cocultivated with the
IL-3 dependent murine cell line (32D, clone 23;
Greenberger et al., PNAS 80: 2931-2936 (1983)). After
25 24 hours, the 32D cells were rescued and banded in a BSA
gradient (Path-o-cyte; Miles Inc.). Cells were expanded
in 1 ng/ml murine IL-3 and then were selected for growth
in 20% APK9. Cells were sorted for cell surface
expression of receptor by FACS uéing a polyclonal rabbit
30 antipeptide serum. These cells were subsequently used
in the assaYs.



conj ugat e" _j here to mean a conposition conprised of | | ymer
nol ecul e a?#g%ﬁgﬁgto an MGDF protein nol ecule. The nnnopolyﬁgﬁhﬁgkéyﬁgotein
conjugate 5 preferably will have a polynmer nol ecule |located at the

N-term nus, but not on |lysine am no side groups. The preparation wll
preferably be greater than 90% nonopol yner/ MEDF protein conjugate, and nore
preferably greater than 95% nonopol yner M3DF protein conjugate, 10 with the
remai nder of observabl e nol ecul es bei ngxampeBcéed (i.e., protein |acking

t he pol yner noiety). The exanpl es bel ow provide for a preparation which is
at | east about 90% nonopol ymer/ protein conjugate, and about 10% unreacted
protein. The nonopol ynmer/ pr ot e, 16 2BIFWgeIe e dNINSgi cal activity. For
the present reductive al kyl ation, the reducing agent should be stable in

aqueous solution and preferably be able to reduce only the _Schiff base
formed in tRe initial protB€slofelidiers aghed fimesn ofocuptarer Lbg3

[) edu;:]i 39_ ggent %m&@@%&%@f rdgsmtsggsgtp%uIaoeamsbgwnaem% sofi ;Jm an
orohydri de, sadi um cyanobor ohydri de, di yl ani ne r i yl am ne
bor ane and pyri%%?ﬁ?éﬁ%?ﬁﬁ¥l§A QQﬁH%Q’ggaﬁﬁéféPréapg83ﬂ§¥né&é€§ﬁ i s

sodi um cyanobor slypltemknt &b with 10% fetad kvadfr sactumonFPaf anGéresicimch as
sol vent, reacti i t I S, . S, 0 kfication of
products, can b§?§%H§¥§¥He§ cagg{g%gggggg aéggggﬁgfﬁg %ﬁ%lggﬁgéiinfornation
rel ating té0derdibutiens f dfesghr AaEPIesnwi t hAk&esr 48ohabrs, pbhenRuBbey (see

t het publ ibc?t | onst Ci { Bsh hedei 1Y pdX Gid1as sdaetehkhinb8 RDEeYOstopibgl Branpl es
sectl on el Ow.

S 2l &y oD AP

One unit of activity was defined as that amount of
activity that resulted in 200 viable cells per well.
Activity was defined as due to Mpl ligand if it could be

15 completely blocked by including 5-10 pg/ml Mpl-X in the
assay. Mpl ligand activity in APK9 averaged 4400 +/-
539 units/ml of aplastic plasma. Unless otherwise
indicated, units of Mpl ligand activity are defined in
the 1A6.1 assay.

20 Assays with cells transfected with the human
Mpl receptor gene (Example 3B) were carried out in
essentially the same manner as with the 1A6.1 cells.

25 EXAMPLE 5

D trati that Mpl-li W E lasti
plasma or sera of mouse, dog, pig and human sources

30 Mpl ligand is present in the aplastic plasma
or sera from murine, canine, porcine and human sources
(Table 2). Plasma was collected from BDFl mice pre-
irradiation and 12 days post-irradiation (500 rads).
Plasma was tested in the 1A6.1 assay where it

35 demonstrated 2000 units/ml activity that was
substantially completely inhibitable with Mpl-X (10



One may choose to prepare a mixture of polymer/protein conjugate nolecul es

by acylation and/or alkylation nethods, and the advantage 7pereln

is 35 tk@”’%ﬁ@”ﬁay sel ect the proportion of nonopol ymer/ protern conjugate
to include in the mxture. Thus, if WD 95/ 26746

PCT/ US95/ 03776 -48- desired, one may prepare a mxture of various protein’
wi th various nunbers of pol yner nol ecul es-68tached (i.e., di-, tri-,

tetra-, etc.) and conbine with the nonopol yner/protein conjugate nateri al
prepared usi nggfml) he mmte&hm&%, paadmbawesaankdtmsmﬁél n

pr edet er m ned ortiaon of I ple) |n cpn he wor ki ng
exanpl es bel o ﬁ%fﬁkﬁﬁﬂr@ﬁ%?ﬁgf C&%Syné r%héﬁ1§§$§§a%% %ed MEDF and
the 10 prepaae@1wntxﬁoﬂﬂ]§3 agpittsy/ed . V|alasmhawasncahheetk¢Iéxm®n Thus,
ot her aspect sygfs taelra\ﬁeawﬁoaor aggsepagtr-bﬁ?dpsep agiges.
Generally, condltlons I C | evia

admi ni stra&ti oFed$) t heP];ﬁf%Eaer’r{aslS'-esﬁﬁdyHﬁr Pmtbﬁcﬁﬁéeltﬂ%§@’d@%rl bed
above for Nﬁiﬁhm@heméﬁéxaﬁ dyﬁaEhasayHQwemetivab9 ﬁabya@téb&i&iamaecules

o 501, 0220 her bt TR0 1PV RIS PRY LY BRI 2R Bolh 89T, Lo 20
nol ecul es. Plasma was collected from pigs pre-lrradiatlon and 10

days post-irrédiation (650 rads). Plasma was tested in

10 both the 1A6.1 assay and the human megakaryocyte assays.
In both assays it displayed Mpl ligand activity
(inhibitable by 10 ug/ml Mpl-X) cqﬁparable to that found
in aplastic canine plasma. Sera from aplastic humans was
obtained. This material was collected from bone marrow

15 transplantation patients. The sera from 6 patients were
assayed in the 126.1 assay where it showed an activity
of 903 units/ml, 88% of which was due to Mpl ligand
(inhibitable with 10 ug/ml Mpl-X). Sera from 14
aplastic patients has also been tested in the human

20 megakaryocyte assay. As a group, they displayed
substantial activity, 941 meg units/ml, which was
completely inhibitable with 10 ug/ml Mpl-X. Murine IL-3
data is included to demonstrate the specificity of the
1A6.1 assay. Although this recombinant cytokine induces

25 growth of the cell line, it is not blocked by 10 ug/ml
Mpl-X.

30

35



In yet anot her aspect of the present invention, provided are tical
conposi t i oV ¥f26146e above chemnical |y nodified MGDF nnleculegxgg@§ﬁBgﬁE
pharmaceutical conpositions may contain any of the 25 ingredients
specified herein for non-derivatized MGF nol ecules. As further studies are
conducted, information will emerge regalg3ng appropri ate dosage | evels for
treatnent of various conditions in various patients, and 30 the ordinary
skilled worker, considering the theggpguthc context, age and general health
of the recipient, will be able to ascertain proper dosing. Cenerally, the
dosage will be between 0.01 [err]g/kg body weight (cal culating the nmass of

the protein al one, wthout 35A59be@gpﬁjaggg*fication)H@ﬂQnSQQg{g@@hg/kg
(based on tEe sane). The preferred:dffe wi | generallﬁ ge frgg:i 1! WO
95/ 26746 PCT/ - 49-

[err]g/ kg body weight to 100 [err]g/kg body weight, particularly preferably

from10 [err]g/ kg body weigh 75 [err]qiég¥£££y “ehﬁgﬁa

5 -
The present invention also pro es a net ho or produ0|p%bNGDF (r.e.; M
l'igand) pol yeapdi memeor acti 0#/fPagnents tOefedf. OneOtetod of tO/ TR esent

I nvention igyﬁsy_gg addkgoduci pgohhe cDNA engodi ng an Milg3lai gand pohypeminae

I nto an expression vector to make an 10 expression systemfor Ml |igand.
A sel ected host cel
Normal canine 0+/-0 0+/-0 0+/-0 0+/-0
Aplastic canine 4400+/-539 0+/-0 792+/-128 0+/-0
Normal porcine 0+/-0 0+/-0 0+/-0 0+/-1
Aplastic porcine 3866+/-1136 0+/-0 1284+4/-182 10+/-10
Normal human 0+/-0 0+/-0 0+/-0 0+/-0
Aplastic human 903+/-64 114+/-33 941+/-178 0+/-0
murIL3 6000+/-565 6000+/-565 not done not done
EXAMPLE 6
5

Mol 14 1 stimulat 126.1 11 th and humar
megakarvocvte development

Mpl ligand (enriched at least about 100,000-
10 fold after lectin and affinity chromatography
procedures; see Example 7) stimulates the growth of the
126.1 cell line and the development of human
megakaryocytes from CD34-selected peripheral blood cells
in a dose-dependent manner. The activity responsible is
15 due to Mpl ligand as shown in FIGS. 2 and 3 since the
activities in both assays can be completely blocked with
Mpl-X.
It has also been shown by the inventors that
FACS purified peripheral blood CD34% cells, when



is transfected with the vector and cultured. The nethod of this present

inventioavigﬁéi%pre conprises culturing a suitable cell or _cell line, which
has been cted with a DNA sequence codi ng on expresé’ca'ﬁ’slsfﬂmaﬁ Mol 15
| i gand pol ypepti de under the control of known regul atory sequences.
Regul at ory sequences include pronoter fragnents, term nator fragnents and
ot her suitable sequences which direct/cont¥éd-the expression of the protein
in an appropriate host cell. The expressed 20 factor is then recovered,

i sol ated and pmcubateédf GanMphelsghhdr elwdhmému ffcsamg hfayeeliln tElfllsl
expressed intr W1 ularl b riate, to one of ski I n
the art. Addlf%%%&||d%g %£p X?ﬁ% R%? Q%ﬁﬁﬁi&l afAHIES 272 071 are
al so contenplé@@ékﬁGYbeyzss apﬁhl&ab$hablusnns|uhaﬂﬂpum1ﬂﬂﬂdumyﬂ eoti des/
pol ypepti des. 1SWiahabha cghgs he C 19§ QRSHF! | | s, such as
Chi nese ha terQEVaé¥ S ?Q S Qkkeéﬁfgﬁ +§§? e ectlogﬁﬁ? sui tabl e
mamal i an hosCrage &PEg. aﬁHrHQ?HQQEGfd#h¥$zﬂﬂﬂ%ﬁ#ﬂﬁﬂ&nﬁSﬁﬂﬂnnnifled

anpl i ficationcpsareesilng andoprooest) pei@cw;sdﬁuadw dw 4fdelideey are known

in the art ) thi ng_and. Sanbr tur 93: 620-625 (1981),
or al ternatlve%é',lsKgﬁ Chegé? gFne: "M)fy k393' % C%“( 7): 1750- 1759 (1985)

or Howey 35 et al., U S Pat. hb 4,419, 446. CIher sui tabl e manmal i an
cell lines, are the nonkey COS-1 and COS-7 WO 95/ 26746

PCT/ US95/ 03776
10 EXAMPLE 7

Rurification of Canine Mpl Ligand (

I. Summary

15 Proteins (25 kd and 31 kd) that display
activities predicted for a ligand for thelMpl receptor
were purified. The proteins were purified from the
plasma of irradiated dogs by a scheme employing wheat
germ agglutinin (WGA) affinity chromatography, Mpl

20 receptor affinity chromatography, anion exchange
chromatography, gel filtration chromatography, and C4
reversed phase HPLC. See, FIG. 4 for an overview of
this purification scheme. The 25 kd and 31 kd Mpl
ligands have been highly purified to apparent

25 homogeneity and have been determined to contain the
amino acid sequences disclosed herein.

II. Methods

30 A. Clarification of plasma.

Frozen plasma (a total of 20 liters) from
irradiated dogs (see Example 1) was thawed overnight at
4°C; thawing of larger bottles was initiated at room
temperature for several hours before placement in the

35 cold room. Insoluble material was removed by
centrifugation for 6 hours at 11,000 xg. The plasma was



-50- cell lines, and the CV-1 cell line. Further exenplary M ost
cell's i nclW@SSBFT4knte cel|l |ines and rodent cell lines, incP&d® 65’%]'7
transforned cell lines. Normal diploid cells, cell strains derived fromin

vitro 5 culture of primary tissue, as well as primary explants, are al so
suitable. Candidate cells may be genotypi caklég-deficient in the sel ection
gene, or may contain a domnantly acting selection gene. O her suitable

mammal i an cel | Jaw@@ean@iwepzmgpﬁ& rB?thflér@dt %Qlaae,lgnHeLg mouse L-929
cells, 3T3 lines derjived from Sw or HaK hanst er

cel | Iines. Si nFPRFRYNIREF U 0L %ﬂﬁ&uqx94¥geédPP§KPélpSP ?ﬁ@ ﬁﬁégﬁﬁ?
i nvention are banf@mgmlacelzqunﬁﬁﬂi&&anpmag hhara&ﬁbauioatp&basdﬁieE col

(e.g., HB1O1, DH10..,15 and NC1061 S cells
in the field o%%i[’o% th’ﬁofo ulte\flarl ofs' SPF; 530 m&f:e !.t._wo g?wfql g2 l eu ononas
spp. , otherSBac¢fIthesxmartIRQWQatﬁqﬂais spp., and the like nay also be
enployed in this nethod. Many strains of yeast cells known to those 20

skilled in the art are also avajl able as host cel]ls for. expression of the
pol ypeptides of the preseft in@E%%;ﬁﬁF‘&fﬁﬁ$;¥§&ﬂ4ﬁr3¢H%éP§gﬁes|red i nsect
cells may be utghigresht eordisin. ceIIs in the nethod of the present invention

See, e.g. Mller et al., etic |neer|n 25 8 77 29 1986)
references cited therein. gﬁ °¥ﬁ¥% g ¢ ecgﬁﬁlnant

nol ecul es A0 veclaxrisfied pmasmal¢ﬂneuwa:baachhsexpaesappmle& hoval
{N'mggnd POl yPept & GfiSmn T8L SEmcHAY 7o o Wiedle gefh NBbihteand WAﬁEQPe”E@S and
X 12 cm, E Y Laboratories), equilibrated in PBS/azide.
After sample application, unbound material was washed
from the column with PBS/azide, followed by a wash with
15 0.5 M NaCl in 20 mM Tris-HCl, pH 8. Mpl ligand
activity, bound by the WGA column, was eluted with 0.35
M N-acetylglucosamine (GlcNac), 0.5 M NaCl, 20 mM Tris-
HCl, pH 8. Mpl ligand activity could not be detected in
the flow through or wash fractions.
20
C. Mpl-X receptor affinity chromatography.
The soluble murine Mpl receptor (Mpl-X) that
was used corresponded to the entire extracellular domain
of the Mpl receptor minus Trp at position 483 (See
25 Vigon, et al, 8: 2607-2615 (1993)). 1In order to
optimize binding of Mpl ligand to the Mpl-X receptor
affinity column, the WGA elution pool was concentrated
using a membrane ultrafilter (10,000 molecular weight
cut off, ¥YM-10, Amicon) and NaCl adjusted to 0.2 M by
30 subsequent dilution. The concentrated WGA pool was
applied to a 20 ml m-Mpl-X (murine Mpl soluble
receptor) /CNBr activated Sepharose column (2.6 x 4.2 cm,
1.5 mg m-Mpl-X per ml of resin) at a flow rate 0.9
ml/min. The column was washed with 40 ml of PBS/azide
35 at 1.5 ml/min, followed by a high salt wash (405 ml)
with 10 mM Tris-HC1l, 1 M NaCl, 1 mM CHAPS, pH 8.0. The



30 alone or in conbination with other sequences code for Ml |igand

pol ypeptides (with or w thout signal peptides) of the invention or active
fragment wodsaezed . Al ternatively, vectors incorporati ng mREFVEIOEEGUences
as descri bed above are al so enbodi nents of the present 35 invention and

useful in the production of Ml |igand pol ypeptides. The vector enployed in
the nmethod al so WO 95/ 26746

PCT/ US95/ 03776 -51- contains sel ected regulé%ory sequences in operative
associ ati on mnt t he DNA od in e e f % c bl e of
directing theS gﬁfmc‘é{ |soFi Sha® g&%?cg {%hs%qié%wéq gle#‘J &%gg'hgs%&ael | s.
One vector isCHRRS,wpHChOI§. pakppropridte dbwigtddns fwereexoldesited.i n CCS
cells [Y.C. Y%Qgse%agladdgﬁl£o4gaf§ éfhégfgﬁnﬁo éﬁ%liﬁe%%%rﬁﬁh'Ch i s

desirabl e for expression In mammall an ce cells, i EMC2BL1.
Mammal i an' cel | expre55|@ﬁt@eépﬁr§D§UPAGESEF¢bEHeh%b%??P#ﬁﬁﬁtﬁ¥ N¥esi zed
bK t echni ggies o\,n:elthekamwelbﬁ ph@lﬁ_e.lékd;fl@zd mpm-tm@ec%rﬁtorﬂaerfcmmgnents gf ]
the vectors, e. i cons, selection nhanc prommt , and the
ke, Sy be GOLMTRGAePEB Aat REFY SRUPEEL gredly i daaArdanp Rirdv
procedures. SedilebthkKambjaniey af.thé.Mﬁblliéﬁnﬂ.adEikiﬂ&Lh&ﬁzkd(1982); and
Kauf man, Procaf@%&'féAﬁﬁﬁPnsg' USA 82: 689-693 (1985). Alternatively t he

vector DNA may inclu or part of the bovine papillonma virus genone
[ Lusky et al., Cell

10 D. =
The highest purity fractions from several Mpl-

X receptor affinity columns were combined, concentrated, ‘
and diafiltered against 20 mM Tris-HC1l, 5 mM CHAPS, pH
8.7 to a final volume of 58.5 ml. The protein

15 concentration of the pool was estimated by absorbance at
280nm to be 0.12 mg/ml (approximately 7 mg total
protein). The pool was loaded at 0.5 ml/min onto a Mono
Q HR 5/5 column (Pharmacia) equilibrated in 20 mM Tris-
HCl, 5 mM CHAPS, pH 8.7. The column was eluted with a

20 1linear gradient to 0.36 M NaCl in the same buffer over
27 minutes. The column was then washed with a 6 minute
gradient to 0.54 M NaCl, and finally with a step wash at
0.9 M NaCl. One ml fractions were collected.

The elution profile of the Mono Q column shows

25 that no Mpl ligand, and negligible protein, could be
detected in the flow-through and wash fractions. Much
of the Mpl ligand activity elutes in fractions 5-7,
during the initial stages of the NaCl gradient. A
*shoulder" of activity is observed in fractions 8-10,

30 followed by a second major peak comprising fractions 11-
15.

A distinct 25 kd band is observed by SDS-PAGE
(nonreducing) in the active fractions. The intensity of
the band directly corresponds with the Mpl ligand
35 activity in the fractions. The band was absent in
fractions 3 and 4 (no activity). It was prominent in



36: 391-401 (1984)] and be replicated in cell lines such 20
cell s as aWo9%3BFW6epi somal el enent. The transfection of thggg?quéﬁ%?

appropriate host cells can result in expression of the Ml I|igand
Ot her appropriate expression vectors of which 25 numerous
types are known in the art for mammali an, ifAé®et, yeast, fungal and

pol ypept i des.

bacterial expression can also be used for this purpose.
be treated by the JEidds ad OMRAS.4i aesiohcyhpeakpsand anvapiion, are

general ly 30

use
into

The conditions to

t hose whi ch involve an existing negakaryocyt e/ pl I
defi ci ency or dH“E%EE@ﬁbétﬁﬁﬁﬁﬁas?BgytgFBIBFgFﬁP dé?igfﬁ%5§6$%aiﬁéfﬁuture

(e.g., because ofa¢)nEdWityoeenk) .SuChecbaddt isnfaint | imsti | yobk ohe

a
C

result of a def%'rcicet?lg&r/nr% ]'El(;es;'r%g]lr ailé’g[co%gelg?gggg%gpai?ﬁ{61){ Ml 35 ligand in

vivo. The generi

rency’is

hence t he mét hosfisynifi@rgslyPdpser activity in fraction 16.
-52- and conpositions of the present invention are generally

avai l abl e for treating thronbocytopeni a. Thronbocytopenia (platel et
deficiencies) may be preé%nt f%%iﬁéhgﬁﬁﬁpﬁﬁﬁE&FH¥%$W£Iuding chenot herapy 5
and other therapy wth a g&li&ivt¥n Hit@inadisiede peefapmedsusdgaygy,
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accidental blo
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13 and 14. For these experiments, pools of fractions 5
and 6 (6 Pl each) or 13 and 14 (7.5 Bl each) were made,
mixed with SDS-PAGE sample buffer (nonreducing), and
applied to 12% SDS gels. Upon completion of
electrophoresis, lanes of interest were sliced (1 mm)
and the slices were diced into small pieces with razor
blades. The pieces were transferred to 1.5 ml microfuge
tubes containing 0.5 ml PBS/5mM CHAPS and gently
agitated overnight at 4°C. The next day the tubes were
spun briefly, an aliquot was removed, and the sample was
diafiltered égainst Iscove's medium supplemented with
BSA as a carrier protein. The diafiltered samples were
submitted for assay.

The results reveal that two peaks of Mpl
ligand activity can be observed. One peak corresponds
to the 25 kd region of the gel, while a second peak of
Mpl ligand activity is observed in the 31 kd region.

F. Superdex 200 Gel Filtration.

Fractions 13-16 from the Mono Q anion exchange
column, as well as two equivalent fractions from a
second Mono Q fractionation, were combined and
concentrated using a membrane ultréfilter (Centricon-10,
Amicon). SDS was added to a final concentration of
0.1%, and the sample was injected onto a Superdex 200 HR
10/30 (Pharmacia) column. The column was equilibrated
in 50 mM Tris-HCl, 0.1% SDS, pH 7.5 at a flow rate of

ocyt openi a, and



conditions that involve thronbocytopenia and nmay be treated in accordance
with this invention are: aplastic 10 anem a, idiopathic th nbo g%gpenla
met ast at WO PIAI& which result in thronbocytopenia, syster® ﬁ'ﬁ

eryt hemat osus, spl enonegaly, Fanconi's syndrone, vitamn Bl2 def|C|ency,
folic acid deficiency, May-Hegglin anomaly, Wskott-Aldrich syndrone, and
paroxysmal 15 nocturnal henogl obinuria. Als@g-certain treatnents for AIDS
result in thronbocytopenia (e.g., AZT). Certain wound heal ing disorders

m ght “al so bengfd tmif mAM aranun%@aagen.—atehaael%oﬂw@@&aeﬂﬁ@ regayd to
antici pat ed plaielet:go "defi ci enci es

o fut sur ger an Ml
li gand of t he T EdEhtERaRFN o He58uF81g§g58ﬂ1n|¥R?HEﬁF Y zﬁﬁ?ﬁ
several hours qmvsu)roﬂ achehprotednf dn phet sémpie &lutes egarfrdct icoms e

situations, e. S nd coul d be
adm ni stered 2% eﬂ c;'th'e"."t%h;i‘:lg’leoglglmﬁg }r{:daf IQ%%PQ?. 3? fets %@ */bjﬁ'ﬁl i gands of
this |nvenﬁlcwﬁﬁﬁﬂﬁ%ﬂ&ﬁ)4&?&§5ef@haﬂﬁsé§|ﬁﬁlé;ﬁﬁ@iQQ§t$D$rRA§3 shawed ot her

t han megakaryogyd £t idctS Yo xeebandaia £RENdct DveXPre&ssiddd , receptor.

Condi tions associated with such cells that 30 express the Nbl receptor,

whi ch are responsive to stlnulatlon by the Mol ligand, are also within the
scope of this invention.GMIDR4IReE S13e : PLOOt thensel ves active in

the activity assays pres§ é§¥§%¥aéyﬂw %tq?ogsqgﬁ VI??ggiHEQu$gtors (e.qg.,

inhibitors or stinulants recep s i 0O OF In-Vvivo
10 fraction 42 alone were concentrated using a membrane

ultrafilter (Microcon-10, Amicon). The concentrated
pools were separately applied to a 1 x 100 mm C4 "
reversed phase microbore column (SynChropak RP-4). The
column was equilibrated in 0.04% TFA in water (A

15 Buffer); B Buffer was 0.035% TFA in 80% acetonitrile.
After injection of the sample, a linear gradient to 45%
B over 4 min was performed, followed by a linear
gradient to 75% B over 40 min. Flow rate was 75 Hl/min.
The results of purification of fraction 42 are presented

20 in FIG. 5. Distinct Mpl ligand activity peaks were
observed in fractions 21-23. These fractions were
analyzed on a 14% polyacrylamide gel under nonreducing
and reducing conditions. Fraction 21 was composed of a
single 31 kd band; fraction 23 was composed of a single,

25 broad 25 kd band; and fraction 22 contained bands in
both the 25 kd and 31 kd regions. No other significant
bands were visible. Note that earlie: gel elution
experiments had ascribed Mpl ligand activity to both of
these regions. A single, minor high molecular weight

30 band was observed in all fractions of the nonreducing
gel, but could not be seen in the reducing gel.



WO 95/ 26746 PCT/ US9 The
polypeptidégoﬁW”?ﬂ% present invention may al so be enpl oyed g#%ﬁééﬁmfﬁ%

conmbi nation with other cytokines, soluble Ml receptor, henatopoietic
factors, interleukins, growh factors or antibodies, in the 5 treatnent of
t he above-identified conditions. Therefore, a&%yet another aspect of the

I nvention are therapeutic conp03|t|ons for treatlng the condltlons referred
to above. Such conpositioms co il anentiec 2 L& B dna
an Mol 10 ligand.pqly [.a therapeutlcally effectlve fragnent
thereof in adni%&U%g“%gghlgsﬁﬁgﬁnaceutlcaIIy acceptable carrier. The
carrier material may be watdrerndimailnjsegueore pnalgsibl yasupptehedtewk with
other material s COpORELI | Wi r?gl,gé | 15 ggmal s.
Typical ly, an Npﬁ |.g§ﬁdﬁfﬁgrg%%§??8£§n? e rﬁfﬁéﬁ%kée in the formof a
conposi ti on Tonmseiwiengesutetesnipedt £Ph the%%h?tﬁﬁﬁ%Qﬁl4ﬁ§rFQHﬂ¥§ﬂd-nDre

phy5|0|09|03||Yaﬁ%Q%Ptaﬁheaaa&ﬁhshstoeﬁﬁépmsﬁéﬁ sé&uéhééﬂﬁﬁfteéﬁaﬂdiﬁg
buffered saline or sali n are exe ary

0 ser
appropriate carfef&® B e#g}BBPQ (?ﬁe ﬁ?%ﬁu§$llg by
| yophi |'i zat e usiapgpldedr eampatae;,eseqpenaiﬁg(eegectedlctrmez)mcﬁt resrquastranedar d

carriers, diluent nd _exci |ent g&gg%go g d

exenplary conpogﬁiﬁgﬁswgfé Es?r gtngYegh Ahd ace teﬁé% an

5.0, which,1¢n eesicriked lnayaturﬁhébOVﬁblud@OEE#I4QQﬂS with known
sequences revealed that the minor sequences were canine

Ig heavy chain and kappa chain. If desired, these minor
impurities could be further reduced in quantity by
application of another purification step, such as

15 preferably another gel filtration step.

I. Comparison of Mpl ligand activities in
the C4 ified £ ti
FIG. 6 shows data demonstrating that the
20 activities present in fractions 22 and 23 from the C4
RP-HPLC chromatography step are substantially
equivalent. Fraction 22 contained a mixture of the 25
and 31 kd bands, whereas fraction 23 contained only the
25 kd band. Aliquots of each fraction were diluted
25 1:45000. The diluted fractions stimulated 1A6.1 cell
growth substantially equally, (fraction 22, 5400 cells
per well; fraction 23, 6000 cells per well). The
diluted fractions were incubated with increasing
concentrations of Mpl-X. The fractions were equally
30 sensitive to inhibition by Mpl-X, both being completely
blocked with 7-1.4 ug/ml. This indicates that the
active protein(s) in each fraction are Mpl ligand
species with equivalent biological activity.

35



The present conpositions can be systgnicgl!y_adningspe:ed parenterall§0

Al t er nat iggl e conpositions may be adm nistered intrav

subcut ane‘gﬁ#m‘ﬁe\hen systemi cally adm nistered, the therapleefljd%h’yo397‘"s
conposi tions for use in this invention may be in the formof a _
pyrogen-free, parenterally acceptabl e agueous sol ution. The preparation of
such pharmaceutically acceptabl e protelnsﬂﬂinons with due 35 regard to
pH, isotonicity, stability and the like, is within the skill of the art.

WD 95/ 26746 EXAMPLE 8 PCT/ US95/ 03776 - 54-
The dosage regimen involved in a nmethod for treating the above-described
conditions will be oeternlned by the.attendlng ph S|C|an _conS|der|ng

various factors whi y :
condi tion, body weight, by ik £t v el ] Iopie
infection,gtine of adn1n|strat|on and other clinical factors. Generally,
the daily regimen should be in the range of 0.1-1000 m crograms of M
ligand protein r fRaguebert hér eebopeindft f&étmrsnbtﬁoﬂyahadMﬂ ght. The

t herapeutic ”%kﬂ@ 0 I LEo des of t re ent i nvention
may aloso be enpl oyegd% FH%E og ?ﬁoggﬁ%pﬂ %[f%gl 1. %ther((aP Yo aﬁ'@s sol ubl e
Mpl recept or, DEERaTEBEFEERC tPabTBAGE @§93k¢m¥9¢x§ﬁagnpwqywnnrlfactors or

anti bodi es i ndeR®lopment. Accordingly, the effects of these factors
10 on CD34-selected peripheral blood cells were
investigated. Human recombinant interleukin 3 (IL-3, 1-
2 ng/ml), stem cell factor (SCF, 50 ng/ml), interleukin '
6 (IL-6, 25 ng/ml), erythropoietin (EPO, 1 Unit/ml),
leukemia inhibitory factor (LIF, 10 ng/ml), and
15 granulocyte-macrophage colony-stimulating factor (GM-
CSF, 25 ng/ml, Amgen, Inc.); interleukin 11 (IL-11, 25
ng/ml, R+D Systems, Minneapolis, MN):; phorbol myristic
acetate (PMA, 10-10 M, Sigma) were added to cultures as
indicated. Mpl ligand was used at 275 units per ml,
20 APKY9 was used at 5% (equivalent to 220 units/ml).
Factors tested in combination were at the same
 concentration as when tested individually. After 8 days
in culture, the cells were fixed directly in the wells
and stained for megakaryocytes (n=6 wells per condition)
25 or counted for total cell number (n=3 wells per
condition). Data are presented as mean +/- SEM.
FIG. 7 shows that APK9 and Mpl ligand resulted
in the greatest number of megakaryocytés per well. IL-3
also resulted in megakaryocyte development, especially
30 in combination with SCF. 1IL-6, IL-11, or EPO had little
effect on megakaryocyte numbers either alone or in
combination with IL-3. PMA, LIF and GM-CSF had little
effect. In FIG. 8 are data from the same experiment
showing the total number of cells found per well
35 ("cellularity”). APKY9 and Mpl ligand had little effect
on cellularity while IL-3 and SCF had modest effects.




treatment of disease states characterized by other synptonms as well . as
platel et d¥Q¥WidGes. It is anticipated that an Ml |igand POVEBHOATTR | |
prove useful in treating sone forns of thronbocytopenia in 20 conbination
wi th general stinulators of hematopoiesis, such as IL-3 or GHWCSF. O her
megakaryocytic stinulatory factors, i.e., nmegaeSF, stemcell factor (SCF),
| eukem a inhibitory factor (LIF), oncostatin M (OSM, or other nplecul es

Wi th negakaryocykp ghinerasi 08 CombAcdd Mdd m&@%hﬂ Pt @ lePrrd ey, .t h Ml
| i gand. Additional exenplary cytokines or henat opoi'etic fact ors for such

co- admi ni strati 6pe| ARFadehevn 119 RS - | 1-and & yene used tozcalenjate 5
IL-6, IL-11, CObéBMeﬁtb@B‘sabf Nfe d&l6d Bfodyt{Sipel) welt, Cals, stiowuiacyue.

col ony 30 stl I at cto F PO, int erferon h I al pha),

| FN- beta, or r?Y’ rré?/é%?’c%ge "g'é R HTUNS Adni %% 5% Eglsgzhe

si mul t aneousd y perseqtlagel af | yegakaxfdcyties peanmmitt ugfe wedd| disl ¥pdammal i an
Mol receptor, g]gnappgﬁésaéglygv&%ﬁk&ﬁ_ctupfws| R4 130 j segakar yocyt es
to fragment i nto atel ets once aryocytes have reached nature
form Thus, wWodisabgvasof the speci 1c1ty of Mpl ligand towards

PCT/ US95/ 03776 mégakagyba?,@égatlon of Mol ligand (to enhance the nunber of
mat ur e nmegakaryocytes) followed by adm nistration of the sol uble Ml
receptor (to inactivate the Iigand and all ow the mature megakaryocytes to
produce pl attelets) is

EXAMPLE 9

not dependent on human IL-3
15
Mpl ligand stimulates the development of human

megakaryocytes when used as a supplement to the culture
medium described in Example 2. Although IL-3 is not an
ingredient of the medium, it could be present in

20 undetectably low levels in the normal human plasma
present in the medium. However, even if present, IL-3
is not involved in Mpl ligand-induced megakaryopoiesis.
This is shown in FIG. 10. IL-3 at 2 ng/ml contains an
activity in the human meg assay of 14,900 meg units/ml.

25 This activity is 97% inhibited with anti-IL-3 (3.3
ug/ml; Genzyme, Cambridge, MA). MPL ligand at 8203 meg
units/ml was not inhibited with anti-IL-3.

EXAMPLE 10
30
Analvsi £ . Mpl 14 i

I. Summary ,
Proteins from irradiated pig plasma with Mpl
35 ligand activity were characterized with WGA affinity
chromatography, Mpl receptor affinity chromatography,



5 expected to be a particularly effective nmeans of stinulating platelet
production. The dosage recited above woul d be adjusted to_cn Q@@@g for
such add™A%5R476conponents in the therapeutic conpositionfoP g of the
treated patient can be nonitored by 10 conventional nethods. O her uses
for these novel polypeptides are in the devel opnent of antibodi es generated
by standard nethods. Thus, antibodies that72eact with the Ml |igands of
the present invention, as well as reactive 15 fragnents of such

anti bodi es, afén ad:Eshad MHcaatdgripayaghibedi eeveBye bshpse yEPXmAl |

nmonocl onal , reconbi nant, chi neric, |nglﬁ-chaig snd/gr ispﬁgific, etc. The
ant i body fragmentascrrfavtlﬁfe%aflrsggﬁ%ﬁf ChEFLFEY RECEHIEIMR t e Mpl | gand
of the presenslicwentrom, SOE>pdyalcryiamide, gedb., etc. Al so provided by
this invention are the hybri donmas generated by presenting M ligand or a
fragment thereof as an antigen to a selected manmal, followed by fusing
cells (e.§., spleen cells) of the animal with certain cancer cells to
create 25 | noRFdmddaahm) | | i negoiekOwWn techni ques. The nethods

enpl oyed to generate such cell lines and anti bodi es directed against all or
portions of a human Mol I|igand pol ypeptide of the present invention are

al so enconpaseeal dffiitsy icelamin 04.430 106 units appliBek anti bodi es may be
used therapeutically, such as to Lnhibi i.ndi | ligand and its
receptor. The anti bodi es may furt%'elril ei?ge é(}?xférlc%\%é%nd invitro

di agnosti c purposes, such as in |abeled formto detect the presence of the

Mol ligand inyp) receptor column 2.7 x 106 units applied
: ' 2.4 x 106 units recovered {

Mono S ion exchange 2.4 x 106 units applied

pH 6.0 4.4 x 106 units recovered

C4 reverse phase Activity recovered fractions 23-25
HPLC

Gel elution Two activities clearly

Experiments distinguished, one at approximately

18 kd, the other at approximately 28
kd.
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* * * The foll owi ng exanples are |ncludeﬂcpg¥ﬁﬂQFQUlly

illustrate the present invention. Additionally, 5 these exanples provide
preferred enbodi nents of the invention, but are not neant to limt the
unl ess so indicated. Standardh®thods for many of the

scope thereof,

procedures described in the foll ow ng exanples, or suitable alternative

pr ocedur es,

bi ol ogy such as,
Edi tion,

(Eds),

Col d Spring Harbor Laboratory
Current Protocols in Mlecular Brology C?eene associ ates/ W1 ey
New Yor kg ildnidd I A

| nt er sci ence,

Fbparrnrzed&Qplastrc cani ne plasna

was produced’ as described in the foll ow ng publications except that 450

rads of total

K.,

Cohen,

10

15

20

25

30

35

are provided in widely 10 recognized manual s of nol ecul ar
for exanple, Sanbrookg gblecular Cl oni ng, Second
res (i 8

7) and in Ausubel et al.,

Haman- Mt

canine p ésna ("NK9™)

baay kppadashésnarersutiBinedrad dre reaillMeg: 25 1. Mazur,
E. and South, K Exp. Hematol. 13:1164-1172 (1985). 2. Arriaga, M, South,

J. L.
I.

and Mazur, E.M Blood 69: 486-492 (1987).

A. Generation of human MDGF probe

A number of degenerate PCR primers were

designed based on the amino terminus sequence of the

canine protein. Different primer pairs were used to

amplify the MGDF gene from the human genomic DNA. After

40 cycles of amplification, using the sense primers 5°'
GCN CCN CCN GCN TGY GA 3'(SEQ ID NO: 4), encoding the
first five amino acids of the canine protein (SEQ ID NO:
1) and the antisense primer: 5*' GCA RTG YAA CAC RTG NGA
RTC 3'(SEQ ID NO: 5), encoding amino acids 16 to 21 of
SEQ ID NO: 1, the PCR product was run on a 2.0% agarose
gel in TBE buffer.

The 63 bp band was cut out from the agarose

gel and reamplified using the same primer set. The PCR

product was cloned in the PCR II vector (Invitrogen, San

Diego). A number of colonies were screened by DNA

sequencing. The plasmid DNA encoding a peptide similar

to the canine MGDF protein was used as the source to

generate a radiocactive probe to screen the cDNA

libraries. The amino acid sequence encoded by the gene

fragment is as follows:

Ala-Pro-Pro~Ala-Cys-Asp-Leu~-Arg-Val-Leu-Ser-Lys-Leu-
Leu~Arg-Asp-Ser-His-Val-Leu-His (SEQ ID NO: 6)

The agarose band containing the human MGDF was

used to generate the probe by hot PCR. A typical PCR



30 3. Mazur, E., Basilico, D., Newton, J.L., Cohen, J.L., Charland, C.,
Sohl, P.A., and Narendran, A. Blood 76: 1771 1782 (1990) pcrmm/o%%%?%
PCT/ Us9sV8252€/46 57 EXAVPLE 2 Hunan Megakar vocyte Assay 5 APK9
and fractionated APK9 were assayed for the ability to stinulate devel opnent
of human negakaryocytes from CD34+ progenitor cells. CD34- selected cells
wer e obtained from peri pheral blood cell s-a%-descri bed (Hokom MH., Choi,
E., Nichol, J.L., 10 Hornkohl, A, Arakawa, T., and Hunt, P. Mol ecul ar

Bi ol ogy of Haesgdtonsi ef 303 A- 2bnt294rdanHe Wes Bl bW af egrddii drdies § ol | owi ng
cul ture nmedium Iscove's nodified Dul becco's nmedium (I MDM G BCO G and

I sl and, NY) supplenmented with 1% G utanm ne Pen-strep (Irvine 15 Scientific,
Santa Ana, CA) and 10%@@1&113'23{}} pl atel et - pooZ+3hghan AB pl asma. Al so

included were 2- nercapso %ﬁg@‘l dvao ruvc Ci FH& £rrlgint),
chol esterol (7.8 [err] % denosi ne %ﬁr nei f“%? 4r|d| ne,

t hymi di ned 2- deoxycyt os é’r@%oﬁ%éﬁ%ﬁé) o0l E ded% BRI ne (10
[err]g/mM each, Sigm); 1(b]l,m&5ufﬁ:]pﬂbl nant insuli [lo( D [err]g/m), human
transferrin (300 [err] , ,Soybe |'i pi ds (1% hrrnger Mannhei m
| ndi anapolis, hurra Qecf)qsrt;%/ ' basic fibrob g
dTTP (10 mM) 2 Bl
dGTP (10 mM) 2 ul
10 dCTP (0.1mM) 2 ul
dcTP, p32 (10 uC/ul) 5 ul
dATP, p32 (10 uC/ul) 5 pl ' (
Taq DNA polymerase 0.5 g1, 2.5 units
water 77 pl
15
total volume 100 pl
The amplification conditions were as follows:
20 initial heating 94°C, 2 min
anneal 53°C, 30 sec
extension 72°C, 30 sec
denaturation 94°C, 30 sec.

25 40 cycles of amplification was carried out in a Perkin
Elmer GeneAmp System 9600.

The product was purified by passing through a
push column (Stratagene, San Diego). ©One 1 Hl of the
probe was counted in a scintillation counter. Probes

30 containing 1 to 3 million counts per ml were added to

the hybridization mix.



grow h factor (2 ng/m, CGenzynme, Canbridge, MA); human 25 reconbl nant
epi der mal WQAN26746act or (15 ng/m ), platel et-derived grow h BGFYSH3T6

ng/ m, Angen,

Inc., Thousand QGaks, CA). CD34-selected cells were plate
2xIO[err]/m culture medium 15 ul final volune, in wells of Terasaki

mcrotiter plates (Vanguard, Inc., 30 Neptungs-NJ). Cells were incubat
37[err]C for 8 days in humdified boxes in 5% [err] in air, fixed dire
to the culture wells with 1% gl ut aral dehyde, and i ncubated with a

nonocl onal anti body cockt ai | (antl-GPIb antl-
anti-GPl b (Dako, CarpintePia, SS084A QN R

(BlodeS|on and

—wes—gev el ope

with a streptavidin-beta-gahagt ﬁét@lﬂsele@i. Jﬂﬂ*%&&i%s pu\aeh%@eam%
P

PCT/ US95/ 03776 58 |sto Ki rke aard er r Qc
i dentified by atbPle f V\i"’f‘% éﬂ‘f' |4n¥l§r Pgbggg é X %s
at 100X magr fi fatu:hNAmasm!thesimr eLrprvéﬂem @d:m&mghaaaveaageedum;ew of 5

nmegakar yocyt es ng.n%‘; g%dOQtM& er 'OrGﬁdé&eGW@TﬁS%anﬁmﬁere

cases, data were pr

In terns of aryocyte uni t

degree to whi ch3érg|($7é<h R e W)ncﬁ}'cféfhﬁé’gé?l@alay’oé}{ odEPBF8ARERT RRs
normal i zed to tReapeSiitye APKO control for that 10 experinment. One
is defined as the anount of nmterial_1hat regéits in th sane nunber o

megakaryocytes as 1 ul of EPK@lE?%nﬁ%PcPr9ﬁﬁ?
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tvgpwe to generate

the double stranded cDNA. The Eco R I-Bst X I adaptor
(Invitrogen, San Diego) was ligated to the double
stranded c¢DNA, followed by digestion with the
restriction enzyme, Xba I. Size selection of the cDNA
was carried out on a S500 Sephacryl column (Life
Technologies, Inc.). cDNAs larger than 400 bp were
ligated to the mammalian expression vector v19.8
{(Martin, F., Cell 63: 203-211 (1990)) which was already
digested with Eco RI and Xba I. Competent E. coli DH10
cells were transformed and the resulting cDNA library
was split into 7 pools of 100,000 cDNA each.

C.  Screening the lambda library

A human fetal kidney library in lambda gtll
was bought from Clontech with a titer of 650 million
pfu/ml. About 2 million plaques were screened with a
probe generated by PCR (see above). Hybridization was
done in 6 X SSC, 5 X Denhardt, 0.1% SDS, 100 Hg/ml
single strand salmon sperm DNA for 15 hours at 56°C.

Multiple rounds of screening were carried out.

DNA was amplified from single plaques and hybridized
with the internal primer 5' AGT TTA CTG AGG ACT CGG AGG
3'(SEQ ID NO: 8) encoding amino acids 7 to 13 in SEQ ID
NO: 6 to identify the true positives.
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accepted as due to MPL ligand if it could be blocked with 5-10 ug/m

(soluble M

receptor). 15 APK9 has been denonstrated to

MPL- X

contai n WASP6746) that stinul ate human negakaryocyte deveP&SHSAVONTP ¢ hi s
system CD34-selected cells incubated with 10% NK9 for 8 days show a

negli gi bl e nunber of bl ue-stained negakaryocytes,

wher eas CD34- sel ect ed

cells incubated 20 with 10% APK9 for 8 dayg-show a very | arge nunber of
nmegakaryocytes. FIG 2 shows that increasing concentrations of
Mol - X added to the human negakaryocyte culture system i ncreasingly bl ock

bl ue- st ai ned

megakar yocyt e devel opnent. A
[err]g/m, inhibition i%:com

25

atiaons of Ml -X
raHer-bAwnFe)q oD

t

han 5

were stinul at egAQGEY h 5% APK9. This denonstrat es tha{ an activity which
interacts with Ml -X (pgesunptiv | d) s _nec ary.far huma

megakar yocyt e 30 devel%ﬁ%’é%&?n%ﬁ&b:@%q}g?%fmmé’ %%fi’a iﬁéﬁﬁeysaﬁaesent
in APK9 itssel fetal hietbhemrd haught deomn€ioatedhberéne mbatrogiam Mpl

activity neceggar ¢%Egg1gg§%gﬁy: Y velap I 8 i n APK9.
APK9 (135 35 1§I§rT{al)"yz\zl/\;/ag]'recll ute -10 d’x)i%%t E)lgrtggogielgsgﬁrrg ?a§aﬁfdf§§%¢? ed to an
Mpl - X af fi ni t §G€ ATAECUHBSUTRF TraiTdr TET TETow' (SEQOIDSNO6736 as the
PCT/ US95/ 0377§rtmér . t hrough) was col | ected and concentrated to the original
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The Gibco-BRL cDNA synthesis kit (Life
Technologies Inc., Cat. # 18267-013) was used to
generate the first strand ¢cDNA. The final volume was 30
H1. The reaction was stopped by adding 500 mM EDTA to a
final concentration of 10 mM and kept at -20°C.

For initial PCR, 0.5 Ul of cDNA was used as
the template per reaction. The primer SEQ ID NO: 9 and
the competitor oligo 5' TTC GGC CGG ATA GGC CTT TTT TTT
TTT TT-P 3'(SEQ ID NO: 10) were used as the antisense
primers, while the oligonucleotide 5' TGC GAC CTC CGA
GTC CTC AG 3'(SEQ ID NO: 11) encoding amino acids 5 to

11 of SEQ ID NO: 6, was used as the sense primer. Forty -

cycles of amplification were carried out using the
following protocol: 94°C, 30 sec; 65°C, 30 sec; 72°C, 30
sec, after an initial 2 min incubation at 94°C. A
Perkin Elmer GeneAmp System 9600 was used for
amplification.

Nesting was'carried out using the sense primer
5' GAG TCC TCA GTA AAC TGC TTC GT 3'(SEQ ID NO: 12)
encoding amino acids 8 to 14 of SEQ ID NO: 6, while SEQ
ID NO: 9 and SEQ ID NO: 10 served as the antisense
primers. Forty cycles of amplification were carried out
with annealing at 65°C. The PCR products were run on a
0.8% agarose gel and then photographed under UV light.
Bands around 0.8 to 1.2 kb were visible.

The PCR products were then cloned in the
vector PCR II (Invitrogen). Individual colonies were
picked and plasmids were isolated using the Qiagen kits

| i gand

1,



vol une before assay. Bound material was eluted in 10 m of 1 3f%pd
20% of t he W88 2¢v4e¢ di afiltered and concentrated 4-fold for 5%?’5? /0
CD34-sel ected cells 5 incubated in nedia alone did not develop into

megakar yocytes. Cells incubated in 5% APK9 (sane pool as applied to colum)
devel oped into 48 +/- 8 negakaryocytes per wefft= Cells incubated in 10% of
t he unbound material did not develop into negakaryocytes. 10 Cells

incubated in 10%Lf ¢ he 9l 3tdRD 12aals deb@bgaedsi:ahadéaodyé pfimed

megakar yocytes per well,. Both the colunn I ad and the elution pool
activities were SSHRSHINRIVAF GRS BFF BrMPFﬁmgrferr¥ﬁ7n1 Mpl - X
in the assay. 15sdq(fdRids &eEearasfaagtzle@nbgrf vﬁm&bnsotypearaafl\@CGrecept or into
a nmurine cell |ineg ZQa Mirine Ml Receptor The full Iength murine
Mpl receptor c WastSibel oned into an expressi on vector containing a
transcrlptloﬁal pronoter derived fromthe LTR of Ml oney 25 Mirine Sarconma
virus. * 5 [err]g of this cgnstrgctaandid eimd0 Hirdhaiarel ect abl e marker

pl asm d pW.Neo (Stratagene) were co-el ectroporated into an |L- g d%gggdent
murine cell line (32D, cl ofe oexytRiigifde diheysequsqes 83 5981

(1983)). Cells vegmyinivapreddm, 3 dayd 50 peimeeoertehsnonsheepeocedure,
e e ol ek I IS0 R B RS Gh0 LEBEy

10 as the template. For the amplification of the 5 primer
of the cDNA, about 20 ng of cDNA from each pool was used
as the template. A MGDF specific antisense primer 5' GGA
GTC ACG AAG CAG TTT AC 3*'(SEQ ID NO: 13) encoding amino
acids 12 to 17 of SEQ ID NO: 6 and the 5' vector v19.8

15 sense primer 5' CCT TTA CTT CTA GGC CTG 3'(SEQ ID NO:
14) were used. Amplification was carried out for 30
cycles with annealing at 53°C. Nesting was done for 30
cycles with the antisense primers 5' GAG GTC ACA AGC AGG
AGG A 3'(SEQ ID NO: 15) encoding amino acids 1 to 6 of

20 SEQ ID NO: 6 and the vector primer SEQ ID NO: 14.

For the primer extension of the 3' ends of the
MGDF cDNAs, the antisense vector primer 5' GGC ATA GTC
CGG GAC GTC G 3'(SEQ ID NO: 16) and the MGDF specific
primer 5*' TCC TCC TGC TTG TGA CCT C 3'(SEQ ID NO: 17)

25 encoding amino acids 1 to 6 of SEQ ID NO: 6, were used.
Amplification was carried out for 30 cycles with
annealing at 58°C.

Nesting amplification for 30 cycles was done
using the MGDF primer SEQ ID NO: 12 and the vector

30 primer SEQ ID NO: 16. Specific bands appeared in pool
numbers 1, 7 and 8, which were cloned in the PCR II
vector. Purified plasmid DNA frém single colonies was

purified and sequenced.



di vided into pools of 2x105 cells and cultured until a popul ati on grew out
which coul d be further analyzed. Six 35 populations were tested for surface
expressi WO 9526761 receptor by FACS anal ysis using a pol ycPEREISIVERT t WO
95/ 26746 PCT/ US95/ 03776 - 60-

anti peptide serum One popul ati on was chosen for FACS sorting using the
sane antipeptide serum as before. Single-cggl clones of the parent cel

line were selected by growh in 10@6APK9 and Geneticin. After selectlon in
5 APK9 for 35 days, thegpcell s uesL | £

of the subclones, 1A6.1, was USeC pody OT WOr
Human Mol F@c@%@gr The fuII | ength human Mpl receptor sequence (Vigon, 1.

et al., PNAS 89: 5f4Qy56#4thd 9Dt idPcI1vHd ARked) r%noQXEhésﬁinQﬁoVeCtOV
cont ai ni ng the transcrlgtlonal ronDter of NblonﬁéPF rine Sarcoma virus 15
]

(same vector SETRARWStHE MERE e iMaS ARy of &he §egrepatsWasnst r uct
and 6 [errgg uéednfanphnimtmjnandeﬁesnﬂngm Padkegi 59 CCASGGACAGGLAMTauU,

N. R, Li ) d
nto 3 x 106 983 53p 3 A515ER O o 1RhC bR haebel ek phpAZYEE' ©
(St ratagene). fr¢Metban§ peimer exrtensdion expectioensst as deggydbadd again

after 4 days. 4 B@edﬁé(sa&ié‘d il deddd BYigeld ORneNGePdrCpkl feper €

cocultivated with the IL-3 dependent nurine cell Iine (32D, _clone 23
SEQ ID NO: 16 served as the antisense primer. 35 cycles

10 of amplification was carried out with annealing at 58°C.
MGDF specific primer 5' CAA CAA GTC GAC CGC CAG CCA GAC
ACC CCG 3'(SEQ ID NO: 19) with a Sal I site and the
vector'primer (SEQ ID NO: 15) were used for nesting for
35 cycles. The PCR product was cloned in PCR II vector
15 and sequenced.

TI. sss9nd_Ex2mnla:x_:lgning_3pn:nash

20 A. Cloning Of Canine MGDF N-Terminus CDNA
Degenerate oligonucleotide primers were
designed based on the canine MGDF N-terminus amino acid
sequence described in the previous section and used as
primers in polymerase chain reactions (PCRs) to amplify
25 MGDF-encoding cDNA sequences. Total RNA was prepared
from canine kidney samples by'the guanidinium
isothiocyanate method of Chomzynski and Sacchi (Biochem.
162: 156-159 (1987)). First strand cDNA was prepared
with a random primer-adapter 5' GGC CGG ATA GGC CAC TCN
30 NNN NNT 3' (SEQ ID NO: 20) using MoMULV reverse
transciptase and used as template in subsequent PCRs.
PCR was performed on 0.5 microliters, about 50
ng, of the cDNA, using Primer A 5' GCN CCN CCN GCN TGY
GA 3' (SEQ ID NO: 4), a sense strand primer encoding
35 amino acids 1-6 of SEQ ID NO: 1, and either primer B 5°
GCA RTG NAG NAC RTG NGA RTC 3' (SEQ ID NO: 5) or primer



G eenberger_et _al PNAS 80: 2931-2936 (1983)). After 25 24 _hours. the 32D
cells vvere‘?'ggﬁ’ﬁg’d‘and banded in a BSA gradi ent (Path-o- cytePCMq &‘Wﬂ% ).
Cells were expanded in 1 ng/m nurine IL-3 and then were sel ected for
gromh in 20% APK9. Cells were sorted for cell surface expression of
receptor by FACS using a polyclonal rabbit 3879%anti peptide serum These
cells were subsequently used in the assays. WO 95/ 26746

PCT/ US95/ 03776 -©15* s\ E Yol Afacl raes RGal <RFIC'V|9|' '('sﬁQndD5No 21)
1A6.1 cells were washed free of culture IL-3 .and re cel 3/15

[err]l total vol7BY&l 1375 ABESRNDS strgnd FF&PGFFtQECBPéPQSa?ﬁnﬁl%ﬂh
(G bco) suppl emem-e:dl vof [BEM %D etcal 1cadifthsehun&1e( EES):a flaokéotide$ 880

[err]g/mM) and /scté rf]Gtt?;C o a% L ag‘Fh;aLLm tgiékfﬂ,'?nsv\gép\test

sanpl es. After ours e nu
det er m ned nﬁcrdyéé‘pl'%aﬂ Igplmm wagf pgeformed ﬁas aéff—ﬂeﬂsaGY@h%%: anmount

of activity thatur{teﬂJ'ﬁxQﬂidd% A %Iz% ﬁgbbieﬁﬁroﬂeﬁbaréﬁé' éiy was
defined as due to !\%bl ligand if it coy | etely bl ocked by

i ncl udi ng 5-10 [&¥SFiFIRIFRTLE |aﬁ‘atll¥él§ss§?r e Figahdt¥ t?¥?{'?s|%fAPK9
averaged 4400 +/pCEH3%hanidesinleadfinaplsaebl vapgl pepBorklelicas 3TPerfvse2

' ndi cated, units,of Nol, 1492109, ALk hhed" §e98hb"EPct 8t DEalthBa s A5 SN s

10 at 50°C for 1 minute. Multiple product bands were
observed in each reaction. Portions of the gel
containing bands of approximately the expected size (66
bp) were collected with the tip of a Pasteur pipette and
re—amplified with the same primer pair. The DNA products

15 were cloned into vector PCR II (Invitrogen) according to
the manufacturer's instructions. Three clones were
sequenced and were found to encode, in one reading
frame, the expected canine MGDF sequence, residues 1-21.
In this way unique canine MGDF cDNA sequence was

20 obtained spanning the region from the third nucleotide
of codon 6 through the third nucleotide of codon 15,
One of these clones served as the template for
preparation of a labeled canine MGDF cDNA probe.

25 B. Construction of cDNA library from human

fetal liver
RNA has been isolated from human fetal Liver

{International Institute for the Advancement of
Medicine, Exton, PA) by lysis of tissue in 5.5 M

30 guanidinium thiocyanate and purification via CsTFA
(Pharmacia) centrifugation. Polyadenylated RNA was
selected using oligo (dT)25 dynabeads (Dynal, according
to manufacturer's instruction). Double stranded cDNA
was produced from this RNA using Superscript plasmid

35 system for cDNA synthesis (Life Technologies, Inc.)
except a different linker adapter: 5' TTG GTG TGC ACT



20 Assays wth cells transfected with the human Mol receptor

Tho. 1a6, R o5 © OO 11 E0 Ol I e L S DRHEE AP L o

Mol -ligand is present in aplastic plasma or sera of nouse, dog, pig and
human sources 30 Mol ligand is present in the aplastic plasm
or sera fromnnurine, canine, porcine and mf#fm sources (Table 2). Plasmm
was collected fromBDF1 nmice pre- irradiation and 12 days post-irradiation
(500 rads). Pl'ra;s'rm: BAS (BEQt B0 NO: t 22) 1afd 15 B CA(Y ARG ITSO ACRS COAemagst r at ed

2000 uni (s/m cRckisRd, thohotaEaP oGl antiah ! Y AR Wi SellidRibabl e i th
PCT/ US95/ 03776h-1§2cDu9/ wep. direationablyoirsepfied fpntmdhe Sstp&di ande in

the human megaiar xogxtesaésauh&hﬁamh&a S&&ﬁy&%ﬁh Rfddtyrt ?B@fB 1833
units/m. Plasma was col |l ected _from dogs rradlatlon and 10 days

post - i rrad? at | (BBCE456 §eFéH§? fFP%sﬁ%? ?@%ﬂeﬁ?|9¥Wnn4¥W4F¥°EE@'1 assay
and hunman negalompyaeihg @neaptcliChaykibone\aCMIE pRinist exN @D BEHEt el ¥

i nhi bited by ggl-x 10 ughm) ot SS was col |l ected from
pi gs pre-irradCayd I‘X%&gmndagzﬁ bs hrh‘?rg%f%ﬁ‘?eocﬁ i#g%d’ﬁ’sads) Pl asma was
tested in 10 ebethrpperanﬁdllateaglemthrmpmpsnﬁnunnﬁntﬁrwadym&rassays I n
both assays it ogdi SRiz¥edeMhokl ggg aghiVvyty (inhibitable by 10 ug/m
Mpl - X) coqgarab e%té tha?g? gg i
cC.
library for MGDF
Filter replicas of the human fetal liver
library were hybridized to radioactively labeled canine
15 MGDF N-terminus cDNA PCR product (5x SSPE, 2x
Denhardt's, 0.05% Na pyrophosphate, 0.5% SDS, 100 pug/ml
yeast tRNA lysate and 100 pg/ml denatured salmon sperm
DNA) at 64°C for 18 h. Filters were washed at 64°C in
5x SSPE, 0.5% SDS and exposed over night._Two different
20 clones hybridizing to this probe were isolated and
analyzed.

D.  Expression of human MGDF cDNA clones
Purified DNA from MGDF cDNA clones was transfected
25 into 293 EBNA cells (Invitrogen). 1.5 Hg of DNA was
mixed with 7.5 ul Lipofectamine (Life Technologies,
Inc.) in 100 ul of serum free DMEM. - After a 20 minute
incubation at room temperature the DNA-Lipofectamine
mixture was added to 5 x 109 cells/well (24 well square
30 Greiner plate) in 400 ul DMEM, 1% serum (Fetal Clone
II) and incubated for 6 hours at 37°C. 500 ul DMEM,
20% serum (Fetal Clone II) was added to the cells. 16
hours later the media was aspirated and 500 ul DMEM, 1%
serum (Fetal Clone II) was added. 72 hours later the
35 conditioned media were collected and centrifuged
through a 0.22 micron spin-filter. The conditioned



in aplastic canine plasma. Sera from apl astic humans was obtai ned. .This
mat eri al wa¥0 85267¢fct ed from bone nmarrow 15 transplantation %%FP%ﬁWQWG'The
sera from6 patients were assayed in the 1A6.1 assay where it showed an
activity of 903 units/m, 88% of which was due to Ml [Iigand (inhibitable
with 10 ug/m Ml -X). Sera from 14 aplastic qgtd ents has al so been tested
|nbthe hynﬁn 20 nmegakaryocyte assay. As a group, they displayed
substantial actiVii\y, t | 6{b VB ¢ .hhi bi tabl e
with 10 ug/ eyl s "’%ﬁ %?Eygadgég lf‘%ﬂ? JP?Jded {0 ermiﬁ}s%tr ate the
specificity of the 1A6. 1 assay. Although th| S reconbl nant cytok| ne |nduces
25 growth of thawell 1ing i | ack ‘

WD 95/ 26746 | P S /03776 63-
Table 2 1A6.1 Cel| Assay Based on tﬁﬁnﬁﬁ°ﬂﬁ-dﬁ§§5§b§$e%§ééjgg

(ng:tilgk) ? strategies, theehumantcbNA)chemes shown in -BV[§. 21 medi a
+ - rmal no _ + 0o o, + \ +/ 0

Apl astic nouse (%ﬁgﬁb& antl"Hicfe 2 SEQ 1508 %%' 28} &l 26 J%Retﬁu€nal
cani ne 0+/ - FIG. 12 (MGDFF30 SEQ IDOMPS 23: 29)(ﬂ$IQ)9§ﬂ%&QQQ:can|ne

gi??sl'539 Oi%d% of the§32§éq$2§cesofﬁ OndloF {Ghroor Goriains &t/ - 0

putative sxgnal sequence of amino acids 1-21, so the
10 mature proteins start at amino acid 22 in each case.

The results of activity assays using the cell-
based assay described in Example 4A above with MGDFs 1-3
are presented in Tables 3 and 4 below. In Table 3,

15 conditioned media from 293 EBNA cells transfected with
each construct was collected after 2 days of culture
then tested on 1A6.1 cells {32D/mur-MPL+) +/- 10 ug/ml
mur-MPL-X. 1In Table 4, conditioned media from 293 EBNA
cells transfected with each construct was collected

20 after 4 days of culture then tested on both 32D/mur-MPL+
cells (Example 3A) and 32D/hu-MPL+ cells (Example 3B).
As can be seen, human MGDF-1 and MGDF-2, but not MGDF-3,
were found to be active on cell lines expressing both
the murine and human forms of Mpl. The cell line

25 expressing the human MPL receptor is more responsive to
human MGDF-1 and MGDF-2 than is the cell line expressing
the murine Mpl receptor.



Apl asti c porcine 3866+/ - 1136 0+/-0 1284+/-182 10+/-10 Nor nal

human 5 0+/ -0 0+/ -0 ' 0+/ -0 | astic._human
ooas- 64™00He ,  aa %1% 178 Cowl o0 muriLa 178/ - 565
6000+/ - 565 not done not done EXAMPLE 6 5 Mpl ligand stinulates 1A6.1 cel
growt h and human negakaryocyte devel opnent Myl |igand (enriched at | east
about 100, 000- 10 fold after lectin and af§3-nity chromatography
procedures; see Exanple 7) stinulates the growh of the 1A6.1 cell |ine and

t he devel opnent of human megakaryocytes from CD34-sel ected peri pheral bl ood
cells in a dose-dependent manner. Thefggfénty responsible is 15 due to
Mol ligand as shown in FIGS. 2 and 3 since the activities in both assays
can be conpletely blocked with Mpl-X. It has alst/ en shown by ﬁﬁ
inventors thagiEAES purified peripheral bquE;SE£4_ elJs, ?gen :féﬁﬁﬁ

(¢] = £

95/ 26746 5

b
i ncubated in Makiki gand (100 units/m for 9 daysid1trns case), vel op
i nto phenotypically normal,
PBgONdcbatrbhepsasgmi®f f ect on nmegakargyocytes as doesy 5 crude

purified Ml
APK9. Furthernore,

as opposed t oMGDB41isel ect ed

10

15

MGDF-1 (repeat)
MGDF-2
MGDF-2 (repeat)
MGDF-3
MGDF-3 (repeat)

APK9 control

Clone

MGDF-1

MGDF-2

MGDF-2 (repeat)

mat ur e megakar yocyt es.

12,800
12,800
4525
12800
0
0
4400+/-400
Table 4
U/ml
32D/mur-MPI+
1600
6400
6400

Thi s establishes that

this experinment used purified CD34+ cells (100% CD34+)

800
566
400
1131
0
0

U/ml
32D/hu-MPL+

25,600
50,000

50,000-100,000

The following Table 5 shows that the
activities of human MGDF-1 and MGDF-2 on 32D/hu-MPL+
cells (Example 3B) are substantially completely
inhibited by soluble human mpl receptor (hu~MPL-X). Hu-
MPL-X was present as conditioned media collected from

CHO cells producing the protein.

The CHO hu-MPL-X

conditioned media was concentrated 120-times then added

to the cultures at 6.6%.

Conditioned media from control



cells which are generally only 30-50% CD34+. 10 :
EXAMPLE 7 PH@PSR€74€i on of Canine Mpl Ligand |I.  Summary 15 PCT/USIS03776
Proteins (25 kd and 31 kd) that display activities predicted for a |igand
for the Mpl receptor were purified. The proteins were purified fromthe

pl asma of irradi ated dogs by a schene enpl oy+8g-wheat germ aggl utinin (WGA)
affinity chromatography, Ml 20 receptor affinity chromatography, anion

exchange chronategy aﬁmauz&@ &l b batevfeecehaan%@gagmy; apgle (s £y £
phase HPLC. See, FIG 4 for an overvyiew Q urification scherre The 25

i and 31 kd NpICATTGARSHnRE BESRERPEHI JrpbRRPLe 18 SHPRRbrthat ¢
honmogeneity andriable Realsdeketenasedskedcastarn3tdgyanm no aci d sequences
di scl osed herein. 1l. Methods 30 A Clarification of plasna.
Frozen plasma (a total of 20 liters) fromirradi ated. dogs (see Exanple 1)
was thawed obernight at 4[err]C, thaw ngTaible aF ger bottles was initiated at
roomtenperature for several hours before placenent in the 35 cold room

I nsol ubl e material was renoved by centrifugation for 6 hours at 11, 000 Xg.
The pl asma was WO 95/ 26746 U/ml U/ml

PCT/ US95/ 03776 -Bopedi | uted with phosphat-ehbeMBmsad saline, pHY-BPI~-X)

MGDF-1 530 0
MGDF-2 270 0
Human Megakarvocyvte Assay
10 MGDF-1 and MGDF~-2 but not MGDF-3 induced the

formation of megakaryocytes from peripheral blood CD34-
selected cells. The experiment described in Table 6 was
performed essentially as described in Example 2 except
that peripheral blood cells were CD34-selected without

15 elutriation and the culture was harvested after 7 days.
Conditioned media from each 293 EBNA MGDF construct was
used at 20% final volume +/- 30 ug/ml mur-MPL-X. APK9
control was used at 6% final volume.



cont ai ni ng 0. 01% sodi um azi de (PBS/azide) and filtered through a 1.2 [err]m
filter. The clarification procedure typically resulted in an approxi mate

t wo- f ol dwy9ssv4sn 5 of the starting material. B. Wheat @ETHISSSORTEE | ni n
Affinity Chromatography. Al operations were carried out at 4[err]C. The 10
clarified plasma (in two batches) was applied to a colum of imobilized
wheat germagglutinin (1 liter, 10 x 12 cmggE Y Laboratories), equilibrated
in PBS/azide. After sanple application, unbound material was washed from
the colum with PBS/ azide, followed by a wash with 15 0.5 M Nad in 20 nM
Tris-HO, pH 8. Ml Iigand activity,’\&g%tig By the WGA colum, was el uted
with 0.35 M N acetyl glucosamne (dc M Nadl, 20 mM Tris- HCl, pH
8. Mol ligand activity could not be detected in the fIOM/through or wash

fractions. 20 C Mol - Meagapiyetyetsipety chrm@émwesﬂﬁﬁol ubl e
nurine Ml recgpher (Mlwed1 ttaturwapdxed corr @epandeflugoMphexentire

extracel lul ar domain of the Mol receptor mnus Trp at position 483 (See 25
Vigon, et al, v8ctd®07-2615 (1993)). In order to optim ge binding of M
ligand to thechbphkrXlreceptor affinity columm, the WGA el ution pool was
concentrated using a nenbrane ultrafilter (10,000 nol ecul ar wei ght cut off,
YM- 10, Anmi conPPEAd Nad adj u®dA030.2 M by 30 subseg@ent dilution. The
concentrated WeAtpedl was applied to a 20 M m Ml -X (nurine Ml sol uble
recept or)/CNB&G%(E:'t |1vat ed Segharose gol um (2.6 x 4. 127c

-2
MGDF-2 100 +/- 3 6 +/- 2 ‘
MGDF~2 86 +/- 10 0
repeat
MGDF-3 2 +/- 2 0
5
EXAMPLE 12

The following example describes the synthesis

10 of 12 different pegylated MGDF molecules, PEG 9 - PEG 12
and PEG 14 - PEG 21. In each case, the MGDF molecule
that was pegylated was E. coli derived MGDF-1l1 (amino
acids 22-184, numbering from the beginning of the signal
peptide or amino acids 1-163, numbering from the

15 Dbeginning of the mature protein). Details regarding all
of these pegylated species are summarized in Tables 7-10
below.

20 acylation with activated MePEG derivatives

A cooled (4°C) solution of MGDF (2.5 mg/ml) in
25 0.1 M BICINE buffer, pH 8, was added to a 10~fold molar



1.5m m - n of resin) at a flowrate 0.9 nl/mn. The 0, \Wals
washed wit ng’%%?‘{‘of PBS/azide 35 at 1.5 m/nin, followed by alﬁ%ﬁggglt

wash (405 m) with 10 MM Tris-HCO, 1 MNaC, 1 nM CHAPS, pH 8.0. The WO
95/ 26746 PCT/ US95/ 03776 - 66-
colum was then eluted with 20 nM CAPS, 1 M+, 5 nmM CHAPS, pH 10.5.
Appropriate fractions were collected. Tris was added to each fraction to
nFutraIize %hf preE@tbftBGISESMEﬂEE sudc i fim iy rfasorcicoret 2 302D of t he
elution profile a |- e I ni col r ri

protei n peak ink@?&cB§§%§r§aﬁggmg§?gm€%%'n%%%?%ty 0 téﬁ?ﬁaﬁfaﬁfﬁﬁndy
activity el uteddibssedvedabyi ganslelgtirring and the reaghHerOFI&Reexchange

chromat ography. -Lhguki-gheat PHbht Yehparit@ps. from several Ml - X receptor
affinity colums were conbined, concentrated, and diafil{ered agai nst 20 nM

Tris-HO, 5 %M CHAPS, pH &b ©Ftgnti R4l thel BRRteLnsBOdiffcation [T H% 15
concentrati on ofkhkheopeee wasthet reateiohywad sushibtwreditby?8lime t o be 0. 12

e . ) elox | .
oot a Mono_o rexErksishy (bR PHE Faiha SRFeRRGy 256 MO ekl M0
mV CHAPS, pH 8. IPhEmacdkuBhoneshe| eletedi it @0l M |sndiumymhisahatey 0. 36

M Nad in the saneeyf f.ar g0¥eL+ 24 H1 QYyRSn. The col um was then washed with
a 6 mnute %ad?)ent toBO. 34 M Nadl , an%lj f?nall&yvith a step - -wash at

SEC HPLC analysis of e reaction mixture at
the 30 minute time point indicated that no free protein
was left in the reaction mixture. At this point the
protein concentration in the reaction mixture was
reduced to 1 mg/ml by addition of sterile water and the

15 pH of the mixture adjusted to 4 with several drops of

0.5M acetic acid.

MePEG-MGDF conjugate was separated from the
excess of MePEG and other reaction by-products by ion-
exchange chromatography using SP Sepharose HP (Pharmacia

20 Biotech) ion exchange resin.

The reaction mixture was loaded (2.5 mg/ml of
resin) onto the column and the unreacted MePEG was
eluted with 3 column volumes of the starting buffer A
(20 mM sodium phosphate, pH 7.2, 15% glycerol). After

25 that, the MePEG-MGDF conjugate was eluted using a linear
gradient from 0% to 30% in 10 column volumes of the end
buffer B (1M NaCl in buffer A). The eluent was
monitored at 280 nm. Fractions containing poly—-MePEG-
MGDF conjugate were pooled, concentrated and sterile

30 filtered.

The purified poly-MePEG-MGDF conjugate was
analyzed by HPLC SEC using TSK-GEL G4000SWXL and
G2000SWXL gel filtration columns coupled in series.
Proteins were detected by UV absorbance at 280 nm. BIC-

35 RAD gel filtration standards served as globular protein



0.9 MNaCl. One ml fractions were collected. The elution profile of the
Mono Q ows 25 that no Mol ligand, and negli gi bl el could
be deteéﬁ%ﬂgpﬁa?he fl owthrough and wash fractions. Mich gFRﬁﬁgﬁh%riligand
activity elutes in fractions 5-7, during the initial stages of the NaC
gradient. A "shoulder" of activity is observed in fractions 8-10, 30

foll owed by a second maj or peak conprisi ng8fractions 11- 15. A distinct 25

kd band i s observed by SDS-PAGE (nonreducing) in the active fractions. The
intensity of mbkebabslr dié gt naxtdegrm@sponds with the Ml ligand 35 activity

in the fractions. i nThe %ng#v;% Z%éseez?tln nf,fc’r aincin%Picagq:c rge a&ct Ivity).

It was prom nent
PCT/ US95/ 037 76wo 6Ma j¢¥ aeempareri siridh Ghel Adepazationt ipeakputnd & &¢nil ar,

intensely staj nfgtbandemeforpr;?&s%ldﬂ}. forffa%a%s ca};éépgﬁéfita fROLYI LY

peak). The band s faint actions correspondi ng

wWith the & S|@ﬁ|?7ga%t¥93I%ﬂﬁw %é;q\KQQ/Qh?bP#&6tP69tEGnSE " Gel Elution
Experi ments. EEEpébﬂiV@DyeXFEﬁér&ﬂHdSTHﬁI% BebleQbed using aliquots of Mo

Sxper i ments, pools of L ABIPERES REE B (EEG 0 AR EER 3 PrePRREus (7.5
[err]] each) hErHGhﬁde¢Yha&imhvw1uhfﬁﬂ@d@hﬂﬁnﬁaﬁphetbmﬁfef MWshrBAuci ng) ,
and kDa MePEGs were conducted similarly. The major reaction
10 parameters used in these preparations are summarized in
Table 7.
' Results of HPLC SEC analyses of these ‘
conjugates are shown in Table 8.

15

20 conjugate (PEG 20).
To a cooled (4°C), stirred solution of MGDF (2
ml, 2.5 mg/ml) in 100 mM sodium phosphate, PH 5,
containing 20 mM NaCNBH3 was added a 10-fold molar
excess of monomethoxy-polyethylene glycol aldehyde
25 (MePEG) (average molecular weight 20 kDa) and the
stirring of the reaction mixture was continued at the
same temperature.
The extent of the protein modification during
the course of the reaction was monitored by SEC HPLC
30 using Superdex 200 HR 10/30 column (Pharmacia Biotech)
eluted with 0.1 M sodium phosphate buffer pH 6.9 at 0.7
ml/min. '
After 16 hours the SEC HPLC analysis indicated
that more than 90% of the initial amount of the protein
35 has been modified. At this time the protein
concentration in the reaction mixture was brought to 1



applied to_12% SDS gel s. Upon conpl etion of el ectrophoresis, &ﬁﬂ ;
i nterest weYQ9¥6744, ¢ (1 m 15 and the slices were diced in¥ Erf’%f"?;’& eces

wi th razor bl ades. The pieces were transferred to 1.5 m m crofuge tubes
containing 0.5 m PBS/ 5nM CHAPS and gently agitated overnight at 4[err]C
The next day the tubes were spun briefly, am&+ quot was renoved, and the
sanple was 20 diafiltered against |scove's nedium suppl enmented with BSA as
a carrier protemg/mihdyddafiutieneds sehpl esaseien uihtudeedviftdr stegdye The

beak correspondiressr FRAPFRS R alBuste@ Y FLI0 b e RAMT 0 ok o
Mpl ligand activity is obMePESIMGRFt kondtgatier egs opeparatedubrrmeshe00 Cel
Filtration. Fragllaig b i:@ﬁé%@&ﬁ@ﬂ%&@ﬁ&@ +30 by Qlgym, as

well as two equivalent tractions froma second Mong Q fractionation, were
conbi ned and® coREEhengeeGRESIAGOATRRNY BHNY| 3 afFRRAHOITAN [ (FdGTRAS 2
Am con). SDS wagiadded)t 9oa EkBRAngéNce®imati on of 0.1% and the sanple was

L ccted onto 8 SIPSLOCK Ahh Foal 1ol RREER HRECIBlafe s palie o v
WO 95/26746 resin) onto the column and the unreactRCI/MeEIR O&@B76 -68- 0.3
Tt o e SJUERRL BAAL o ROFURATVBahd Sor Qe UL Bl e
10 (20 mM sodium phosphate, pH 7.2, 15% glycerol). After
that, the MePEG-MGDF conjugate was eluted using a linear
gradient from 0% to 30% in 10 column volumes of the end
buffer B (1M NaCl in buffer A). The eluent was
monitored at 280 nm. Fractions containing poly-MePEG-
15 MGDF conjugate were pooled, concentrated and sterile
filtered.
The purified poly-MePEG-MGDF conjugate was
analyzed by HPLC SEC using TSK-GEL G4000SWXL and
G2000SWXL gel filtration columns coupled in series.
20 Proteins were detected by UV absorbance at 280 nm. BIO-
RAD gel filtration standards served as globular protein
molecular weight markers.
As can be seen in FIG. 17B, HPLC SEC reveals
two major components (constituting 52% and 47% of the
25 total amount) in the preparation, elution positions of
which correspond to those of 359.4 kDa and 159.3 kDa
globular proteins respectively. See also Table 8.
Conjugates PEG 18, PEG 19 ahd PEG 21 prepared
by MGDF reductive alkylation with MePEG aldehydes of
30 MW=6-25 kDa were conducted similarly. The major
reaction parameters used in these preparations are
summarized in Table 7.
“Results of HPLC SEC analyses of these
conjugates are shown in Table 8.



nost of the protein in the sanple elutes in fractions 32-40, while the M

| i gand a s detected in 5 fractions 42-46. Analysis ons
SDS—PAGquhgb&X g di stinct 25 kd band in the active fracti ﬁ@m&%ﬁﬁyf

Rever sed Phase HPLC. Superdex 200 fractions 43-46 conbined or 10 fraction
42 al one were concentrated using a nenbrane ultrafilter (M crocon-10,

Anmi con). The concentrated pools were separaB®y applied to a 1 x 100 nm C4
reversed phase mcrobore colum (SynChropak RP-4). The col um was
equilibrated in 0.04% TFA in water (A 15 Buffer) B Buffer was 0.035% TFA
in 80%acetonitiple, AbL&haiiM £l
45% B over 4 mn was pertorned, 10
40 mn. Flowra 2 § : G- Laie—3
fraction 42 are presented 20 temmEh&l &-amihotieeidid] |igand activity
peaks werecobserved in fractions 21-23. These fractions were anal yzed on a
14% pol yacryl am de gel under nonredUC|ng and redUC|ng conditions. Fraction
21 was conposed of a sirgtepdXis axi sDa) eF
single, 25 brg ;L&E§£§11§§¥1léﬁpd fractlon 22 contalned bands in both the
25 kd and 31 Kd regions other significant bands were visible. Note that
earlier gel elution expé?¢rﬁnﬂqplﬁﬁjQ&Rﬂﬁ)beﬁtwpreulgahdtaonloftucmn bot h of
t hese reglons (A g & og/Maan thhoaohﬁc Eéiu gg %ﬁg% b gvas observed

in all ti ons .of, the nreduci_n el ut cou en in the
reduC|ng é containing Y aCN%Hg was added a 5-fold molar excess

of methoxypolyethylene glycol aldehyde (MePEG) (average
molecular weight 20 kDa) and the stirring of the ‘
reaction mixture was continued at the same temperature.

The extent of the protein'modification during

15 the course of the reaction was monitored by SEC HPLC
using Superdex 200 HR 10/30 column (Pharmacia 3iotech)
eluted with 0.1 M sodium phosphate buffer pH 6.9 at 0.7
ml/min. |

After 16 hours the SEC HPLC analysis indicated

20 that about 90% of the initial amount of the protein has
been modified. At this time the protein concentration
in the reaction mixture was reduced to 1 mg/ml by
dilution with sterile water and the pH of the reaction
mixture adjusted to 4 (0.5 M acetic acid).

25 The mono-MePEG (20kDa)-MGDF conjugate was
separated from the excess of MePEG and other reaction
by-products by ion-exchange chromatography using SP
Sepharose HP (Pharmacia Biotech) ion exchange resin.

The reaction mixture was loaded (2.5 mg/ml of

30 resin) onto the column and the unreacted MePEG was
eluted with 3 column volumes of the starting buffer A
(20 mM sodium phosphate, pH 7.2, 15% glycerol). After
that, the MePEG-MGDF conjugate was eluted using a linear
gradient from 0% to 25% of the end buffer B (1M NaCl in

35 Dbuffer A) in 20 column volumes. The eluent was
monitored at 280 nm. Fractions containing poly-MePEG-



WO 95/ 26746 PCT/ US95/ -69- H
N-t er mi nal WO¥(#MSe Anal ysis of 25 kd and 31 kd Ml Iigands}Q%%ﬁgﬂﬁﬁﬁgl

sequence anal ysis was carried out on C4 RP-HPLC fractions containing
activity. The 5 sequences determ ned for these proteins are reported above.
In addition to the major sequence correspondi8gy to the 25 kd band (at | east
90% of the total of the applied sanple), sequencing detected two m nor

sequences (Wwhi clycper @oﬁ%ﬁ?ﬁfétﬁ‘é'ré\/! polde, ediertaitd aid nerdne 10
descri bed in part .G abqgve). Conparisons with known sequences reveal ed that
the m nor sequeﬁ&é§eﬁﬁpe canine I g heavy chain and kappa chain. |If desired,

these mnor inpurities coghe hembgehbétyreflucke monotMeREGHMAEDE appl i cati on

of another purification ste er, filtration
step. I. Oorrngflé'gﬁag?sl\/B sl?éé%ﬁ%%?vﬁ ;Egecgci’r'{ﬁ'{r}llll ﬁfgﬂe%pusrl |aet§ fractions
FIG 6 showsS daPalyesoydamadengel hbiectreopioratisiusing f2ddnPresastact i ons
22 and 23 from ghe 4¢dnRPEEITL C(RETRRRL 0500 Mia 32 batle cwg%ts?aﬂdaldgyto

equi valent. Fraction 22 Contained a mxture of the 25 an d bands,
wher eas fractioﬁh23P88ﬁF&Pﬁeﬁfoﬂl§6t%ek9E3EiP?ﬁ%ﬂinQiﬁﬁﬁﬁ%ﬁe * each
fraction were diluted 25 Thé5Qu@ifTea golytMePEGeMEDDNsosjugatatwas 1A6. 1

cel | Srowt! Subsbatt !k eaab) duc LLAGH S0 YURRGShGZ 9 velll
Wi th increakd ngG2000SWXL gel filtration columns coupled in series.
Proteins were detected by UV absorbance at 280 nm. The
BIO-RAD gel filtration standaf&s served as globular
protein moiecular weight markers.
As can be seen in FIG. 17C, SEC HPLC reveals
15 one major component in the preparation, elution
positions of which corresponds to that of 181.1 kDa
globular protein. See also Table 9.
Mono-MePEG-MGDF conjugates PEG 14, PEG 15 and
PEG 17 prepared by MGDF reductive alkylation with MePEG
20 aldehydes of MW=6-25 kDa were conducted similarly. The
major reaction parameters used in these preparations are
summarized in Table 7.
Results of HPLC SEC analyses of these
conjugates are shown in Table 9.



concentrations of Ml -X The fractions were equally 30 sensitive to

I nhi biti , both being conpletely blocked with 7; Thi s
i ndi cat %%éf%he active protein(s) in each fraction are %%fh P%ﬁ%
speci es with equival ent biological activity. 35 WO 95/ 26746

PCT/ US95/ 03776 -70- EXAMPLE 8 Conparison of Ml ligand to other factors on
megakar yocyt e devel opment 5 A nunber of red®®bi nant factors or organic
conmpounds such as phorbol nyristic acetate (PMA) have been reported to

I npact negakaryocyte growth or devel opaile. 7Accordi ngly, the effects of
these factors 10 on CD34-sel ected peripheral blood cells were

I nvesti gated. Human reconbi nant interleukin 3 (I1L-3, 1- 2 ng/m), stemcel

factor (SCF, 50 n@usmary] efeMGBEKMAdSEicat bon 2Eearfinn paenagmq’mrm etin
and 15

(EPO, 1 Unit/m), |eukem a |nh|b|tory factor (LIF” 10 ng/n1)
granul ocyt e- [TBCT opriage 7= oo )3 . -
Inc.); interl elﬂqde 11R€$Qt11‘1€ IQQPE@/ m , R+D w@m m:mﬂe:aipma s, W);
phor bol nyrlstlc acetate (PNA 10 10 Nl Slgna) wer e added to cultures as
i ndi cat ed. oL 3 ] g '

. Ratio
mg/ml oc MePEG/
MGDF
PEG 9  NHS 6kDa 2.5 r.t. 0.5 15
ester
PEG 10  NHS 6kDa 2.5 r.t. 0.5 10
ester
PEG 11 NHS  20kDa 2.5 r.t. 0.5 10
ester '
PEG 12 NHS  50kba 2.5 r.t. 0.5 5
ester
PEG 14 ALDEHY 6 kDa 2.5 40C 16 5
DE
PEG 15 ALDEHY 12kDa 2.5 40¢ 16 5
___DE
PEG 16 ALDEHY 20kDa 2.5 40C 16 5
DE
PEG 17 ALDEHY 25kDa 2.5 40¢ 16 10
DE
PEG 18 ALDEHY 6kDa 4°C 16 10
_ DE _
PEG 19 ALDEHY 12kDa 40C 16 10
DE _
' PEG 20 ALDEHY 20kDa 40¢ 16 10
DE
PEG 21 ALDEHY 25kDa 40C 16 10
DE




Factors tested in conbination were at the sane concentrati onﬁg%ﬁ%ﬁested
i ndi vi dual WO967# 8 days in culture, the cells were fixed Ui I'n the
wel I s and stained for negakaryocytes (n=6 wells per condition) 25 or
counted for total cell nunber (n=3 wells per condition). Data are presented
as nean +/- SEM FIG 7 shows that APK9 and i-1|igand resulted in the
great est nunber of negakaryocytes per well. IL-3 also resulted in

megakar yocyt e devel opnment, especially 30papye gnbination with SCF. |L-6,
IL-11, or EPO had little effect on negakaryocyte nunbers either alone or in
conbination with IL-3. PVMA, LIF and GWCSF had |little effect. In FIG 8 are
data fromthe sanrumsf id¥e o 13RMWPEG-MCEFt ehakantabest bés cley | SEC HREC per
wel | 35 ("cellularity"). APK9 and Mol ligand had little effect on
cellularity while IL-3 and SCF had nodest effects. . WO 95/26746

PCT/ US95/ 03756 éﬁw%!&w s.
The data shown 1 n .- 7_apd 8 used_to te p aoes of
megakar yocyt es petoRl | ?‘eﬁggéﬁsv\%\&ﬁGF pagen ear*’g &Eéaé or whi ch

results in the qreatest 5 per cent age_of W@_@Eﬂﬂ_ﬂell is

Vbl ) idand,  thE gkrye TIHED cnbdn AT 5 TSl cati g of the
ester 52.17 25 (shoulder)
PEG 10 NHS 6kDa 69.2 14 (shoulder)
ester 42.9 86
PEG 11 NHS 20kDa 370.9 68
ester 155.0 32
PEG 12 NHS 50kDa 865.6 53
ester 368.0 47
PEG 18 ALDEHY 6kDa 84.6 60
DE 41.5 40
PEG 19 ALDEHY 12kDa 218.4 59
DE 106.7 41
PEG 20 ALDEHY 20kDa 359.4 52
DE 159.3 47
PEG 21 ALDEHY 25kba 450.5 54

DE 218.4 46




EXAMPLE 9 The neaakaryocyte pronoting activity of Ml ligand is not
dependent on human I1L-3 15 Mpl ligand stinulates the devel opnent of human
megakar yWO2526746hen used as a supplenent to the cul ture n®EYHHHEFES | bed in
Example 2. Although IL-3 is not aningredient of the nmedium it could be
present in 20 wundetectably low levels in the normal human pl asma present
in the medium However, even if present, k23 is not involved in M

| i gand-i nduced negakaryopoiesis. This is shown in FIG 10. I1L-3 at 2 ng/m
contains an activity in the human neg assay of 14,900 neg units/m. 25

This activity is 97%inhibited wth anti-IL-3 (3.3 ug/m; Genzyne,
Canbridge, MY. MPL ligand at 8203 ned@BAft2/m was not inhibited with
anti-I1L-3. EXAMPLE 10 30 Analysis of porcine Ml ligand I. Sunmary
Proteins from,rradiated,pi lasma with Ml 35 1] j Vit re

char act er i zed \RPAR m&ﬂ'??ﬁﬂ‘% %ﬁf%l\é\%% o%%éb?ﬂP‘Wﬁ%g%ggf ? n Fﬁ%tsy
chr omat ograph WD 95/ 26746 » :

PCT/ US95/ 03776 - 72- 10N exchang /.an ase HPLC.
The activity w&?dﬁlst%ﬁﬁﬁ%Xﬁ ékp '

. SEC, kDa SDS PAGE, kDa

PEG 14 ALDEHY 6 kDa 44.5 27.7
DE . | (
' PEG 15 ALDEHY 12kDa 104.7 - 38.3
DE _ |
PEG 16 ALDEHY 20kDa 181.1 46.9
DE
PEG 17 ALDEHY 25kDa 226.4 ' 55.5
DE

12.4. pPreparation of DiMePEG (12kDa)-MGDF conjugates by
10 reductive alkylation of MGDF with methoxy poly(ethylene
glycol) aldehyde (PEG 22).

The following procedure results in a purified
molecule referred to herein as PEG 22.
15 A 5-fold excess of methoxy polyethylene'glycol
| aldehyde (MePEG; i.e., OHC-(CH2)20-(CH2-CH20) n-CH3;
where n = a repeat such that the molecular weight is ca.
12 kDa) (Shearwater Polymers), was added to a 2.5 mg/mL
solution of MGDF (E. coli derived, 1 - 163) in 100 mM
20 sodium acetate, pH 5.0 held at 5 degrees Celsius. After
mixing for 10 minutes, sufficient sodium cyanoboro-
hydride {Aldrich) was added to achieve a 20 mM
concentration in the reaction mixture.
This mixture was stirred for 16 hours at



slices from SDS-pol yacryl am de gels. 5 Chromat ogr aphy g?qnﬁ
affinity c&Vﬁﬁﬁa%“ﬁ X [err] units applied. 3.4 x [err] units ecoggé% Mol
receptor columm 2.7 x [err] units applied 2.4 x [err] units recovered Mno

S ion exchange 2.4 x [err] units applied pH 6.0 4.4 x [err]
units recovered C4 reverse phase Activity=-P8covered fractions 23-25 HPLC
Gel elution Two activities clearly Experinents

di stingui shed, oaspréxiteldy MAtddgretd Iod, Rlkethkehendabfaphisxtimeéply 28
kd. WO 95/ 26746, .. . et / 5/ 03776
_73- EXAWPLE 11 TomtTigdr B4R SGdhravses PSSnH?‘sHﬁ%%ﬁdl\/@Fbﬁfﬁo%g
approaches are otei¢emtratidrhef MGDFwtegl mg/mL. Thisr wasEfdkpesed d oni ng

Approach 10 through &'0.2 GANSA vakulh *Hﬁ%@r'YDG_EopﬁxﬁbszrébJe@%n of
degenerate PCR priners were designed based on the amng ferm nus sequence

of the cani n@ prREAKHFL T RHAPIFEEN SRS "RBAETysedPROLafPPPRYStRE MoDF
gene fromthe hunpy garibsadNAphispilate and 1 N sodium hydroxide

solutions were added to the reaction product mixture to
achieve a 10 mM phosphate, pH 6.8 solution.
The conjugate was purified on a cation

10 exchange column. A 40mL SP-Sepharose High Performance
column was prepared with a bed height of 7.5 cm. The
column was equilibrated with equilibration buffer (10 mM
phosphate, pH 6.8, with 15% glycerol). The column was
loaded at 2.2 mg/mL resin at 0.15 column volumes (CV)

15 per minute. This was followed by a wash with the
equilibration buffer until baseline was achieved. The
column was eluted with a 10 column volume linear
gradient from Buffer A (20 mM phosphate, pH 7.2 with 15
% glycerol) to Buffer B (Buffer A plus 0.3 M NaCl). The

20 flow rate was maintained throughout at 0.15 CV per
minute. The eluent was monitored at 280 nm.

' SDS-PAGE gels were run of the fractions and
those containing the DiPEG conjugate were pooled and
filtered though a 0.2 micron unit.

25

EXAMPLE 13

Biological Activit £ p lated MGDF Mol ]
30
A, PEG-9 - PEG-12 and PEG-14 - PEG-21

Platelet counts from mice treated with
recombinant human MGDF were measured and the results are
35 presented in FIG. 18. CHO-derived 22-353 (open
diamond), unpegylated E. coli 22-184 (open circles) and



15 40 cycles of anplification, using the sense priners 5 GCN CCN CCN GCN

TGY GA %égﬁﬂﬂ? NO 4), encoding the first five am no ag’* @ggqﬁgzyﬁ cani ne

protein NO 1) and the antisense priner: 5 GCA AA CAC RTG NGA
RTC 3" (SEQ ID NO 5), encoding amino acids 16 to 21 of 20 SEQ ID NO 1,

t he PCR product was run on a 2.0% agarose gel in TBE buffer. The 63 bp band
was cut out fromthe agarose gel and reanpP#fied using the sane priner set.

The PCR product was cloned in the PCR 1l vector (lnvitrogen, San 25
Di ego). A nupegylatedofoncesi &4 &criedosedozibbdesqMEREi ay. thee pl asnid

DNA encoding a,pephi fge £444 | Al i%a"%ih%ed%igg%gmq"? eused as the

source to genefage a radroactive probe to screen t raries. The
ani no aci d seflBwEes eaROTRd H87e HE ipate Beubcusgnrenrsily ABteoppsmal
Al a- Pr o- Pr o- ABa1 6y & - hSde Lencd\diria} -l 55Q8ayls),S- f@ét bleeds from a
Leu- Ar g- Asp- Ser-ﬂ‘siVal -Leu-H s, (SEQ 1,D NO 62‘, 35 4Tge agar ose
band cont ai ni AP the H - \BEF YRS G e HEF St EOLAESHPBLEYLICREE PCR A
typi cal PCR aftérothetlVaét injection. Blood cell analyses were
PCT/ US95/ 03778 = £4- 1 shi rrll I Qi g f | .
i ngredi ents: %ﬁ%ﬁﬁ?ée&éﬁgﬁ%fgy 1 rfq‘ﬁ%r rit?(a Eg?ﬁ'rrg%?g%%gl D NG 4)
1 [err]l, 20 pRereersPiagnostics, Inc.pdnwine,SEH)I.D NPatp are [err]l, 20
pnol es 10 X byéhpésented as the meakd dffldedterminations of 4 animals,
10 +/- standard error of the mean. Other blood cell
parameters such as total white blood cell counts or red
blood cell counts were not affected by this treatment. (
' Additional forms of recombinant human MGDF
were tested as above. Platelet counts from mice treated
15 with either 50 ug/kg/day or 10 ug/kg/day of the
indicated form of r-HuMGDF are shown in the following
Table 10. Data are the mean of 4 animals and the
standard errors are italicized.



dATP (0.1
(10 m\

[err]

WnMSDG‘J’M

Taq DNA pol ynerase

77 [err]

15 total
conditions were as foll ows:

94[err]C, 2 m n anneal
72[err] C, 30 sec denaturation
of anplification was carried out i nTabFerk? n El ner GeneAnp System 9600. The

product wag

Diego). On

Pr obes 30

hybri di zat
PCT/ US95/ 0
liver poly
of RNA was

10

15

20

2 [err]
dCTP, p32 (10 uC ul)

vol une

2 [err]
10

0.5 [err]
20

5 [err]

dTTP (10 mV)
dCTP (0. 1nV)
dATP, p32 (10 uC ul)

2.5 units water
3B err] The amplification

initial

heati ng

pcfrubsiishe’

2

5 [err]

53[err] C, 30 sec extension
94[err] C, 30 sec.

25 40 cycles

BB y——P RS-SRS SRR SR P -
b 1 [err] of the pro din § scintd yint er .
[ C.0 - GO 3l on Count- s por 4 ded.to the
borem x. v dsancAnsdl sem Mean (n=4) sem
B776 -75- R Constructioh of fetgl |fver |ibracylbimn fetal
A+ RNA was pur hased from El ontech | abpratories. Aout 4 [err]d
CHO 22-353 4343 309 2571 80
E. coli 22-184 2021 29 1439 18
PEG9 2728 56 2369 34
PEG 10 2431 291 1556 126
PEG 11 3718 59 1861 73
PEG 12 3885 156 1740 88
PEG 14 3567 80 2020 63
PEG 15 4402 57 2834 99
PEG 16 4511 239 3215 11
PEG 17 4140 188 3113 261
PEG 18 4586 59 2931 129
PEG 19 3980 330 4189 80
PEG 20 3942 _285 3054 339
PEG 21 4195 145 4002 91
Baseline 939 25
Key to Table 10

In each of the following, the MGDF molecule that was

pegylated was E.

coli derived MGDF-11 (amino acids 22-

184, numbering from the beginning of the signal peptide

or amino acids 1-163, numbering from the beginning of

the mature protein), as described in the above Example

12:

GIP



5 for cDNA synthesis, in which primng was carried out using a random
hexamer, vpo 9&¢346°CC GTT CTA GAN NNN NNT 3', (SEQ ID NO 7)paihéfshstest © an
oligo contalnlng an Xba | site. The G bco- BRL protocol was used to generate
10 the double stranded cDNA. The Eco R I-Bst X | adaptor (lnvitrogen, San
Di ego) was ligated to the double stranded cDNA - fol | owed by digestion with
the restriction enzyne, Xba |I. Size sel ectT®T of the cDNA was carried out
on a S500 Sephacryl colum (Life 15 Technol ogies, Inc.). CcDNAs |arger

t han 400 bp w&a@e | gat edaqy@fdopammul i an exdrpsMbn \Reaakrivel PEG (Martin,
F., Cell 63: 203-211 (1990)) which was al r ey RBEGest enpdgadileEd®mRl and Xba

| . Conpetent E. coli DHIO cells were transforned and tswnthesils i ng cDNA
library 20 was—sprit—irt-o—Z—pools of 100 _000 cDNA each C Screeni ng the

| anbda | i b%ar PE& Buman fp@tl@lpelglydaeyédl | br ary 6 '’xpaanbda g le ¥y RFUGRIPEG OM
were sercencd et R0 pr SAVESNUPaEER by PORY KR abovdlES igAReTIOR NeBRouas
done in 6 X SBEBG 31X Delﬂ@d-w@ﬁgyaat%iSDS 1oozq dma] g/ niNBS ragdt&zstdfamépml mon
sperm DNA for pg Rours @;oﬁ,% rl),gg?r Ml tipl nds qQfy § ;e?%IrP | %E‘E\ﬁ .

carried out. 30 DNA was arrpl om si ng e p aques and
the internal primer 5 AGI TTA CTG AGG ACT CGG AGG 3' (SEQ I D NO 8)

encodi ng B n@EGCdSs 7 &r@nb@e@&l&E@dl D NO & tk@al dent iX)adriRid '04€ MePEG
positives.

PEG 15 monopegylated 12 kDa Aldehyde of MePEG

PEG 16 monopegylated 20 kDa Aldehyde of MePEG

PEG 17 monopegylated 25 kDa- Aldehyde of MePEG (
15 PEG 18 polypegylated . 6 kDa Aldehyde of MePEG

PEG 19 polypegylated 12 kDa Aldehyde of MePEG

PEG 20 polypegylated - 20 kDa Aldehyde of MePEG

PEG 21 polypegylated 25 kDa Aldehyde of MePEG
20 The baseline counts are in normal animals

without administration of ény materials.

It is clear that pegylation of recombinant
human MGDF does not adversely affect the ability of the
molecule to increase platelet counts in rec;pient

25 animals, and may in fact increase the activity of the E.
coli product 22-184 to be as great or greater tﬁan that
seen with the CHO-derived 22-353 molecule.

B. PEG-22
30
Results with PEG-22 are presented in FIG. 24.
Notably, hormalization of platelet counts with PEG-22
occurred several days sooner than with full—length'CHO

derived MGDF, PEG-16, or PEG-17.
35



WO 95/ 2674 PCT/U§95f 3776 -76-
D. 3 prigg) ap?g Amplification of cDNA Ends (RACE) Pol yad ﬁﬁﬁgﬁﬁA

from human fetal kidney and 5 fetal |iver were bought frrom C ontech. One

m crogram RNA was reverse transcribed using the oligo 5
GEC CTT TTT TTT TTT TTT 3' (SEQ ID NO 9) as <%¥e- pri ner.

synthesis kit (Life 10 Technologies Inc., Cat. # 18267-

generate the first strand cDNA. The fipmAMPDEup® was 30

TTC GGC CGG ATA
The G bco- BRL cDNA
013) was used to
[err]l. The

reacti on was stopped by addi ng 500 mM EDTA to a final concentration of 10

mM and kept at -20[err]C. For initial PCR 0.5 [err]l of cDNA was used as

15 the tenpl at e=delr<pkit Qg

oligo 5 TTC GGC OGG ATA GGC CTT TTT TTT TTT TT-P 3' (SEQ ID NO 10) were

used as the antisense priners, while the oligonucleotide 5° TGC GAC CTC CGA
GTC CTC AG 2 (SEQ ID NO 1) SERESS nf BHMGRF ath oE- P4 Zhe BEBIETSE) | D NO
6, was used as eheosm?eﬂwifmfst mtaftllicfwz?([iﬁ.d%f co:éfrr%gﬂef hﬁ%htggnp%]t@éinso
carried out usi t o) i n r.ot ocol ; rr]C, .Seg; err]C,
sec; 72[err]C, g%ssgg?m%ﬁ?t#§e§$ ?ﬁﬁﬁeéz4%ﬁﬁizﬁgﬂb8PF&ﬂa§tEbf%éﬁr]C. A
Per ki n El mer GEQQ¢Q@SEWS&ddﬁEEﬁKh1&ySIDNKidéqueh&esa&pbbﬁﬁnqtthe.aN%ﬁbi2%

| | SERE | 5’ T AAC, T
3' (SEQ 1D NG 13 §%%%%%b HIE JHd Tisihe GeFe %?dgégt%é&& g6, SR pE SEQ

the gene. Therefore, the r-HuMGDF protein encoded by

was carried out

this sequence is 165 amino acids in length beginning

with Met-Lys. The sequence of this gene is set forth in

FIG. 25.

The synthesis of the r-HuMGDF (1-163) gene was
15 accomplished in several steps. First, complementary
oligonucleotides (60-70bp in length) representing

adjoining fragments of the gene were chemically

synthesized utilizing optimal E.coli codons. During

this synthesis, codons for the amino acids Methionine

20 and Lysine were placed at the 5' end of the mature gene,

and a stop codon was placed at the 3' end

of the gene.

In addition, cutting sites for the restriction enzymes
Xbal and HindIII were placed at the extreme 5' and 3°
ends of the gene respectively, and a synthetic ribosome

25 Dbinding site was placed an appropriate distance upstream

of the initiating Methionine. Second, the complementary

oligonucleotides for each gene fragment were annealed.

Third, these individual synthetic gene fragments were

amplified using the Polymerase Chain Reaction. Fourth,

30 amplified fragments were then sub-cloned into an

appropriate wvector. Fifth, the sequences

of the sub-

cloned fragments were verified. Sixth, the individual

fragments were ligated together and sub-cloned into an

appropriate vector, reconstructing the full-length r-
35 HuMGDF (1-163) gene. Finally, the sequence of the

reconstructed gene was verified,



ID NGO 9 and SEQ ID NO 10 served as the antisense 30 priners. Forty

cycl es fication were carried out with annealing ak&? The
PCR prodﬁgﬁgﬂﬁ%We run on a 0.8% agarose gel and then phot g%ﬁgg*under wv
i ght. Bands around 0.8 to 1.2 kb were visible. The PCR products were then
cloned in the 35 vector PCR Il (lnvitrogen). |Individual colonies were

pi cked and pl asnids were isolated using th@8€ agen kits WO 95/ 26746

PCT/ US95/ 03776 -77- cat # 12143 and 12145. Doubl e stranded dye pri nmed
sequenci ng was done usimnetbgnwmﬁﬁiﬁ PFHUMGDE gEne Fragments; ¥aaakedal yzed

by various types .5 E 5' 3" _prijer.extensipn In
order to ISO|§ exgﬂ% %%ng &?ﬁﬁ%&ﬂ%ﬁFl°Peﬁ¢gﬁsNE§F£§§n2, %Sda d 5
primer extensénds nmﬁnﬁqtuvekxi<ngnua§mwgadmﬁbeseme bdotiingf sieeal thever
library 10 asai@Csieppl dbdon Faind Mgl enRbulgOtnkfaPubl! MEE-OF he

cDNA, about 20 ng of from each pool was used’as the tenplate. A MEDF
specific éhtl%%ﬁsé"ﬁﬁ¥$Rﬁ E?°§339<3R94NBB€ARE°EAGP¢?¢ “AC 3' (SEQ ID NO 13)
encodi ng am no aci ds 12The dBowé fALIrdat\Grass clivhdddnto ¢het obarl9. 8 15

Aol L1 Lot oreifs AT B LA 2 off%?%%@%ﬁpﬁug%%a HrrersLsferr ¢
Nesting was dveetéorp@9Gll. The pAMGll vector is a low-copy-number
plasmid with a pR;OO-derived origin of replication. The
10 éxpreSsion plasmid pAMGll can be derived from the
plasmid pCFM1656 (ATCC# 69576, depdSited February 24,
1994) by making a series of site directed base changes
by PCR overlapping oligo mutagenesis. Starting with the
BglII site (plasmid bp # 180) immediately 5' to the
15 plasmid replication prdmofer PcopB and proceeding toward
 the plasmid replication genes, the base_pair changes are
as follows:



cycles wit é?ﬁa&gﬁ sense primers 5 GAG GIC ACA AGC AGG AGGﬁéf@géﬁQ@?'d D

NG 15) enc no acids 1 to 6 of 20 SEQID NO 6 and t

primer SEQ ID NO 14. For the prinmer extension of the 3' ends of the MZDF
cDNAs, the antisense vector primer 5 GGC ATA GIC CGG GAC GIC G 3' (SEQ I D
NO 16) and the MGDF specific primer 5 TCC ¥ TGC TTG TGA CCT C 3' (SEQ ID
NGO 17) 25 encoding amino acids 1 to 6 of SEQID NO 6, were used.
Amplification was carried out for 30 cycles with annealing at 58[err]C.
Nesti ng anplifigﬁﬁ¥i£1_§%ii30 C usi t i 478, | D
NO 12 and the vector pri WE?@SE%-\#% Specrrtic aﬂd@a%n
pool numbers 1, 7#an@9%8, which were ®%ned in the FXEI11 vector. Purified
plasm d DNA from gi ngbg col onies wasypurified and sgguenced. WD 95/ 26746
PCT[USQS/OB?%G -78- E. | solation of ,full length cIPnes of human MGDF Many
of the initial cl dnes%acked part of®4%e amino ter s of MEDF, since part
of the MGDF sequerceéad@s 5 used for fpr4 m ng and nesinsert Riworas/G'bgCCA GGA
AGG ATT CAG GGG A 3'%§§Q | D NO 18),’»gose sequence, nas obtained fromthe 5
primer extension éxperinents as desc¥ibed above wasAfsed as the sense
primer. The vecto pi@8Rer SEQ I D NOT/ES served as t@®kS antisense priner. 35

cycles # 994 G/C A/T
10 $# 1004 A/T c/G
# 1007 C/G T/A
# 1028 A/T T/A
$# 1047 C/G T/A
# 1178 G/C T/A
15 # 1466 G/C T/A
$# 2028 ' G/C bp deletion
$ 2187 C/G T/A
$# 2480 A/T ' T/A
20 # 2499-2502 AGTG GTCA
TCAC CAGT
$ 2642 TCCGAGC bp deletion
AGGCTCG
25
# 3435 G/C A/T
# 3446 G/C A/T
# 3643 A/T T/A
30 # 4489-4512 - - insert bps
GAGCTCACTAGTGTCGACCTGCAG

CTCGAGTGATCACAGCTGGACGTC
(SEQ ID NOS: 30, 31)
and by substituting the DNA sequence between the unique
35 AatII and Clal restriction sites with the following
oligonucleotide:



10 of anplification was carried out with annealing at 58[err]C. M3DF
speci fi r 5" CAA CAA GIC GAC CGC CAG CCA GAC ACC ey NO:
19) wth@%&?’r‘ﬁ site and the vector priner (SEQ I D NO Cfgﬁ,v'\')é?csg&a?ejd for
nesting for 35 cycles. The PCR product was cloned in PCR 1l vector 15 and
sequenced. I1. Second Exenpl ary O oni ng Approach 20 A

C oning OF Cani ne MGDF N-Term nus cDNA Degéfer at e ol i gonucl eoti de prlners
wer e desi gned based on the canine MG&F N-term nus am no acid seguence
described in the previous section and used as priners in polymerase chain
reactions (PCRs) {gﬂ i{ 25 MGDF-encodi ng cDNA sequences. Total RNA

was prepared fronlcan I'dney sanpl es by the ‘guani di ni um i sot hi ocyanat e
met hod of ChohkynskiCRGATASTIITTAARRSAREFATTEGACABRTGECDARANDIGTT- i 1 St

strand cDNA vm6 fRtEQo@hm 'Mﬁmm@&mém@@@iemﬁrﬁ{sﬁﬁ ATA GGC
CAC TCN. 30 NNN NNT 3' (SEQ I D NO 20) using MoMILV reverse transciptase

and used as tenpl ate in subsequent PCRs. PCR was performed on 0.5
mcroliters, abeaztrmmmmfcmmcsustngmrm A 3 GCN CCN CCN GCN

1o S L e e RR B OIS E0 02 T 10,0 05

(SEQ ID NO 5) or pri mer WO 95/ 26746 Clal (#4438)
PCT/ US95/ 0377 Bspd 9rp Gids C3%,RES)YAA NAC RTG NGA RTC 3" (SEQ ID NO 21),
10 ' '

Expression of r~HuMGDF, cloned into pAMGll, is
driven by a synthetic lactose-inducible promoter, such
as Ps4, which has the following sequence:

15
5' GACGTCTCATAATTTTTAAAAAATTCATTTGACAAATGCTAAA-
~ATTCTTGATTAATATTCTCAATTGTGAGCGCTCACAATTTATCGAT 3'.
(SEQ ID NO: 34)
- 20

The Ps4 promoter is repressed by the lactose repressor
(LacI), the product of the E.coli lacI gene.
The pAMGll-r-HuMGDF plasmid was subsequently
transformed into an E.coli K-12 strain containing the
25 lacI49 allele. The lacI9 allele is a mutation within the
lacI promotér which increases the expression of LaclI,
and results in a more stringent contrél of protein
expression from the Ps4 promoter. Therefore, in this
strain, in the absence of lactose, expression of r-
30 HuMGDF is repressed by Lacl. Upon the addition of
lactose, Lacl protein binding to the operator site on
the Ps4 promoter is reduced, and transcription of r-
HuMGDF from Ps4 is initiated. The E. coli host cell
employed in this example is deposxted under ATCC #69717,
35 as of November 30, 1994:
The E. coli host ATCC # 69717 was transformed



whi ch are antisense strand prinmers encoding am no acids 16- : D NO
1 with thr¥O%2674¢ nucl eotides at the 5 termni to increasé’bﬂ%@%ﬂé
stability. PCR 5 with Tag pol ynerase was perforned for 35 to 45 cycl es,
until product bands were apparent on agarose gel el ectrophoretic analysis.
For the first two cycles of PCR, the reannedlirg step was perforned at
37[err]C for 2 mnutes; for the renmai nder of the cycles reannealing was 10
at 50[ err]g forwﬂtm?% Q)AMd\%Jﬂ—tzi-ﬂixﬂd_GwO_ @ab&tsnhand?dvxeae Q_bﬁﬁhvledcbﬁdﬁﬁ@h
reaction. Portions_ o e gel caontaining.bands of .approxi ely the,,
expected size (68 HS %ékkRQ<§§ﬁﬁfqﬁﬂ: °h ePF518£28nPas ﬁrgpiﬁgffe and
re-anplified wstraie sanmquulareddinto TueridNarptbdaststhén facubateded
into vector PCR|3dddiidy QReitbadfiaRedyng2! Aoble. MFHLAELYIE afe then

i nstructions. ree clones Were sequenct were found to encode, in one
reading frade, asePelprbledrantinrIadiniegdefesmepEordhBat 1690taLRSthi s
}Nay u?lh qushpaglﬂeel\ﬂﬁglgm%%ﬁﬁﬂuw /‘Mﬁ%e%@ﬁ @&t&hﬁgédspangynggihﬂéegi gn
romthe third nucleofide,o on r,0 i cleotide, of codon
15. One of thes®Ed ’bn’lbi 28 \ﬁ?&&g)s"t estf‘g‘n%%é’t %Bﬁg 'p?’eﬁz&fla ig%ogg' ail abel ed
cani ne MGDF cDNgy prgp04 2Bi20; 5.5 ml/L BraceCoesadsct 568 wl/BDNA |ibrary
fromhuman fetal.liver RNA has been isql_at f iyer
(I'nternational Yh%?‘}‘}%?)e- fo’#}l% k?eae% % %%es%e%% %@g%ggglggg ggﬁ%ﬁ{lggA) by
lysis of til®sueuntnib.Ehd] GOltunemediahiasmarioptisadt deasdtpuptf bcltEon via

CSTEA (Fhaf maci 2)o c#0! 94 UGRL T othe Halgadenyl 3hadeRhd WRensegahCH1LA! NO
oligo (dT)25 dynabeads (Dynal, ‘accordi.ng -
the initiation of the first feed medium (700 g/L

glucose; 6.75 g/L MgSO4.7H20). The feed rate is adjusted

every 2 hours per an established schedule. The

15 initiation of the second feed medium (129 g/L trypticase
peptone; 258 g/L yeast extract) begins when the culture
reaches an optical density of 20-25 at 600 nm. The
second feed medium is maintained at a constant flow rate
while the first feed medium continues to be adjusted.

20 The temperature during the entire fermentation is
maintained at approximately 30°C. The culture is
maintained at about pH 7 with the addition of acid and
base as necessary. The desired dissolved oxygen level
is maintained by adjusting the agitation and air-input

25 and oxygen-input rates in the fermentor. When the
optical density of the culture reaches 57-63 at 600 nm
addition of the third feed medium is igitiated; The
third feed medium (300 g/L lactose) is introduced to the
fermentor at a constant flow rate; addition of the first

30 feed medium is discontinued and the second feed medium
flow rate is changed to a new constant rate. The
fermentation lasts approximately ten hours after
initiation of the third feed medium. At the end of the
fermentation, the culture is chilled to 15 * 5°C. The

35 cells are harvested by centrifugation. The resulting
paste is packaged and stored at < -60°C.



to manufacturer's instruction). Double stranded cDNA was produced fromthis

RNA usi ng,véggﬁir%:rl pt plasmd 35 systemfor cDNA synt hema Eh: fe T AT

Technol ogi eS, " I'nc.) except a different |inker adapter:

WD 95/ 26746 PCT/ US95/ 03776 -80- TGT
G 3 (SEQID NO 22) and 5 CAC AAG TGC ACA CCA ACC CC 3' (SEQ ID NO 23),
was used. After size selection this cDNA we&2<irectionally inserted into
the Bst XI and Not | sites of the nammalian expression vector pBCB 5 (pBCB
is derived fromthe pl aordfRcatibn bnvrédt@gﬁnamrmnmmdd&@u_@w

backbone, GWEprgggge%saggsggbg&)l%w rc%% Ite@“ﬁngs ted DNA was

el ectroporated into electro conpet acte
Technol ogi es, OPficthousand, eight rhundneyd eframemmf ﬁcﬂélpasterwaENA I|brary

for MGDF Fil teﬁsﬁéﬁhé&ainoébéxh? 1ginbet 4! %lf oV Gy | bb%%)&a‘é@&gsla&b“ di zed
MEDF oduct (5x

d 15 t.erm nus
%gPEadlgi nﬁg¥8P3€ aShfé52%é§%ﬂﬁtﬁﬂﬂﬂﬂﬂﬂﬂﬂézqg 9%:@98009093Fer?Pg/n1 yeast
t RNA | ysat e abtokéf ¢ell]suisperieimi Wl ceiitFiFuged an@\theapedsberr] C for

18 h. Fllters rge %%ggdéﬁ 841 rﬂf%f %;lﬁﬁﬁﬁhpnggb S and exposed over
0 1z

ni ght. Two dif ren nes br| ®were isolated and
anal yzed. suspension was centrifuged and 200 g pellet was

solubilized in 2 liter of 10 mM Tris, 8M Guanidine
10 hydrochloride, 10 mm DTT, 5 mM EDIA, PH 8.7. This
solution was slowly diluted into 200 liters of 10 mM
CAPS, 3 M urea, 30% glycerol, 3mM cystamine, 1mM '
cysteine, pPH 10.5.
The diluted solution was stirred slowly for 16
15 hr at room temperature and the pH was adjusted to 6.8.
The pH adjusted solution was clarified and applied to a
2 liter CM Sepharose column equilibrated with 10 mM
sodium phosphate, 1.5 M urea, 15% glycérol, pH 6.8.
After loading, the column was washed with 10 mM sodium
20 phosphate, 15% glycerol, pH 7.2. MGDF was eluted with a
gradient of 0 to 0.5 M sodium'chloride, 10 mM sodium
phosphate, pH 7.2. _
The CM eluate was concentrated and buffer
exchanged with 10 mM sodium phosphate pH 6.5 with a
25 10,000 molecular weight cut off membrane. The
concentrated solution, at about 2 mgtper ml, was treated
with cathepsin C (500 to 1 molar ratio)-for 90 minutes
at ambient temperature;
The solution was then loaded to a 1.2 liter SP-
30 High Performance Sepharose column equilibrated with 10
mM sodium.phosphate, 15% glycerol, pH 7.2. After
loading, MGDF was eluted with a gradient of 0.1 to 0.25
M sodium chloride, 10 mM sodium phosphate pH 7.2.

35



D. Expressi on of human MGEDF cDNA cl ones Purified DNA from MGDF cDNA

cl ones was WPA&H267%d€t ed 25 into 293 EBNA cells (Invitrogen). PYT@S?@Vf‘g of
DNA was m xed with 7.5 ul Lipofectam ne (Life Technologies, Inc.) in 100 u
of serumfree DVMEM After a 20 minute incubation at roomtenperature the
DNA- Li pof ectami ne ni xture was added to 5 x [-ao3- cells/well (24 well square
30 Geiner plate) in 400 ul DMEM 1% serum (Fetal Clone I1) and incubated
for 6 hours at 37[err]C SQudili VAL RR% SAIIUEE! 2o @806 Lb) cies added

to the cells. 16 hours later the nedia was aspirated ul DVEM 1%
serum (Fetal C dhe'al9 SRR dd¢eFP ?29ﬁ089§fP£FEP°Fh§°§ancoﬁﬁ?t?%ﬁ%ﬁ?nedla

were coll ected avdk Chjdddd 4@e@ tihrsoughez Ohédyli CoPBpeaLrD-Eblhesi. The
condi ti oned

WO 95/26746 . . .
PCT/ US95/ 03776 -4+ oﬁaj‘%r"’e‘t&sé&yg‘a‘ FFLREORPBPBPBEP L a? - & cHi TSP LHT
Description and sActfiatiet,y p3f 7H2naTheSUEDEl prek Basedluneﬁheihhowe descri bed
NGDR 5. SEO | b R T B! andt%DHAE‘?%Sé EficHy b Frp e (oS e
28, 29) were cﬂnHHQﬁRPaqﬁm:beﬁ -2hese sequences in the Flgures contalns a
p;Jt atlvte si gnal sequence Ofhé B HYh yAC ISy obe%hl *Qulbke #Es Eahueﬁtpaeéal ns
start at amino aci eac cas re ct| ty a s usi ng
the cell- based nﬂﬁ%5¥éﬁ§|8 iﬁ Q§8v@° fﬁﬁ% cut

10 off membrane lnto 10 mM Tris, 5% sorbltol, PH 7.5.

EXAMPLE 15

15 163)

r-HuMGDF (E. coli 1-163), prepared as

described in Example 14 above, was evaluated in rodents
for biological efficacy. Normal, female Balb/c mice

20 where injected subcutaneously for 5 consecutive days
with increasing doses of r-HUMGDF. Doses ranged from 15
ué/kg/day to 1500 ug/kg/day. Twenty four hours after
the last injection, blood cell counts were measured
using an electronic cell counter (Sysmex, Baxter). 2

25 linear increase in platelet counts was observed with
logarithmically increasing concentrations of the
cytokine. Platelet counts increased to 300% of baseline
values with 1500 ug/kg/day in this system. Other blood
cell parameters were not affected with this treatment,

30 such as white or red blood cell counts, or hematocrit.

Platelets were harvested from rats injected

subcutaneously with 300 ug/kg/day r—HuMGDF (E. coli 1-
163) for 6 days and evaluated for the ability to
aggregate in response to ADP. The data indicate that

35 platelets from treated animals are virtually
indistinguishable from platelets from control animals in



are presented in Tables 3 and 4 below. In Table 3, 15 conditioned nedia
from 293 EBNA cells transfected with each construct was collected after 2
days of WQISRE6H6t hen tested on 1A6.1 cells (32D nur- MPL+) PEIUSIHOITES i
mur-MPL-X. In Table 4, conditioned nedia from 293 EBNA cells transfected

wi th each construct was collected 20 after 4 days of culture then tested
on both 32D/ nur- MPL+ cel | s (Exanpl e 3A) an432D/ hu- MPL+ cel | s (Exanpl e 3B).
As can be seen, human MGDF-1 and MGDF-2, but not MGEDF-3, were found to be

active on celindi NSStPBAINbIOE e ReIVal Rt 2)IsBHERP1 (OT €5 Ofie WI . The

cell line 25 expressing the human MPL receptor iS nore responsive to human
MEDF- 1 and MBFRERlefpdniste ADR- |ine expressing the nurine Mpl receptor.
WD 95/ 26746 r-HuMGDF was also evaluated forP€heU8B34188¥%760- 82-

'(I)'ab le 3 Um abro%ati:%d@? lc%:/c)hmoljrgo n}{g?%éiax)assogiaggd' NoER) OMBdl a

0 MGDF-1 5 chemotherapy and/or irradiatio®00 Carboplating(0® MGDF- 1
ggggeat ) c.:hem%to%exﬁ%e&tzic( rvécixzjl.’ec.‘!l;?%auses profduﬁﬁGtmgi%%%enia
1131 MGDF-3 in humans, was used in these studies. Balb/c mice wer¥- 3
(repeat) injected subcutaneodly with 1.25 mg Barboplatin at the

' start of the study. After 24 hburs; mice were injected

10 daily with 100 ug/kg/day r-HuMGDF (E. coli 1-163), or
excipient, for the remainder of the study. By Day 9,
platelet counts droppéd to roughly 15% of normal in _ '
excipient-treated mice but remained at baseline levels
in mice treated with r-HuMGDF (see FIG. 20). For the

15 irradiation studies, mice were subjected to a single
dose of 500 rads of gamma-irradiation (Cesium source).
This is a sublethal dose which_resﬁlts in a 90%
reduction of platelet counts by Day 11. Platelet counts
‘do not return to normal values until Day 21. Wwhen r-

20 HuMGDF (E. coli 1-163) was administered ~nce daily (100 .
ug/kg/day) to irradiéted mice from Day 1 through Day 20,
the drop in platelet counts was less severe and the
return to baseline levels more rapid then mice treated
with excipient (FIG. 21). 1In order to test r-HuUMGDF in

25 a model of extreme and prolonged thrombocytopenia,
carboplatin and irradiation were applied in combination
(FIG. 22). In this circumstance, platelet counts
dropped to extremely low levels, (3-5% of normal), and
most of the animals (7/8)'did not survive this

30 treatment. However, when these animals were treated
daily with subcutaneous injections of r-HuMGDF at 100
ug/kg/day for the length of the study, thrombocytopenia
was significantly ébrogated, the return to baseline
counts was more rapid, and all of the r-HuMGDF-treated

35 animals (8/8) survived. |

| r-HuMGDF was also evaluated in rhesus monkeys.



APK9 contr ol 4400+/ - 400 O 5 Table 4 U m

U C oneWO 9526746 32D/ nur - MPL+ 32hu- MRGI/KR9503776
1600 25, 600 MEDF- 2 6400
50, 000 MEDF-2 (repeat) 6400 50, 000-100, 000 10

The follow ng Table 5 shows that the activitigs-of human MEDF-1 and MGEDF- 2
on 32D/ hu- MPL+ cel | s (Exanple 3B) are substantially conpletely I nhi bited by

sol ubl e human e
”Rbrﬁsﬁ ngg ron1%¥%? {ys proé%glng t %§&%h'%&th

condi ti oned nmedia co Iecte teln The CHO

hu- MPL- X condltieéﬁ§6rn§d§a°wa%5 ‘6‘3’1@&91@%! efepn AR tdanss @ﬁ@n Ordded & t he

cultures at 6. 6%neCoBdeti apsd gesup, f IHEéIEEréHunts\Maé¥@5§€a4@y 400%

PCT/ US95/ 03776 - 83- cul tures ha ct on the a The ass
carried out as GESBF‘?;% A E&%rﬁﬁ‘ C&h é&S% RO & Yaé"é”c?@lsl %r

assessed aft®r 300aysalSo at Day 12. After the injeckdkins Stidpped,
ggg‘ G one plateletochiﬁf2£é£ﬁ§&g§’€9 normal by ﬂé&g%ENB%ZX)WMEQ%'l
0 blood cell counts and red blood cell counts were not
affected by this treatment.
r-HUMGDF (E. coli 1-163) was also tested in a
10 primate model of severe thrombocytopenia (FIG. 23).
Animals were subjected to irradiation (700 rads, Cobalt
source) which resulted in a reduction of platelet counts
to 1-2% of normal by Day 15. By Day 35-40, platelet
counts returned to normal. In contrast, the platelet
15 counts in irradiated animals treated daily with r—HuMGDF
(25 ug/kg/day) dropped to only 10% of normal and on
average did not go below 20,000/ul, the trigger point
for platelet transfusions in thrombocytopenic humans.
The return to baseline counts was also more rapid in the
20 r-HuMGDF-treated animals, occurring by Day 20.
These in vivo data from both rodent and
primate studies fully support the concept that r-HuMGDF
(E. coli 1-163) is a potent therapeutic agent with the
capacity to significantly affect clinically relevant
25 thrombocytopenias.

EXAMPLE 16

30
Glycosylated r-Hu MGDF 1-332 is produced from
transfected Chinese Hamster Ovary cells expressing a
cDNA for MGDF 1-332 under a suitable promoter and linked
to a gene cdding for the amplifiable selection marker,

35 DHFR. A suitable promoter for expression of MGDF in CHO
cells is SRo.. See Mol. Cell. Biol. 8: 466-472 (1988)



Human Megakaryocyte Assay 10 MEDF- 1 and NGPF 2 but not MG3DF-3
induced tion of negakaryocytes from periphera

sel ected ce?%%Egghe experiment described in Table 6 was;n éﬁpﬁ%@yns
essentially as described in Exanple 2 except that peripheral -blood cells
were CD34-selected without 15 elutriation and the culture was harvested

after 7 days. Conditioned nedia from each-P®8- EBNA MGDF construct was used
at 20% final volume +/- 30 ug/m nur-MPL-X APK9 control was used at 6%

final volune. and WO 92/28766 (1991). A suitable vector for

PCT/ US95/ 0377 Fp?ésslgﬁpﬁf%qéﬁgaﬁ?r%yée?irﬁ?e ga%% y%Byt es per

Cl one vec
0 control APK90/14363 (1990D. +/Exénplary CHO cell 11ne30caﬁnpt6huﬁEDF 1

142 +/- 48 Eecreted Mg%ﬁ“ U Ibg % Pf 10-20 m£99, ggPdR/EBF 3

6 +/ - 2 MGDF-
2 +/- 2 5 cell culture me@ﬂ%&E?UQ#N§¥:RP'ﬂ%?qﬁﬂsﬁéwﬁﬁgZéxanpzelﬂéscr|bes

the synthesismg/I.. To produce MGDF with a typical cell line, a
culture can be expanded by passaging in suspension or in
tissue culture vessels in adherent growth mode using
medium comprised of equal proportions Dulbecco's

10 Modified Eagie's Medium (DMEM) and Ham's F12 (DMEM/F12,
Gibco) supplemented with 5 to 10% Fetal Bovine Serum
(FBS) or'dialyred fetal bovine serum and methotrexate
(MTX) (1f necessary; typical concentratlon of MTX is

~ 200-600 nM) to maintain selection pressure. This media

15 should be supplemented with extra non-essential amino
acids (NEAA's) and glutamine; Suspension cultures can
Ppropagate readily between inoculation (splitting)
densities of 1-4 x 105 cells/mL and maximal densities of
~1 x 108 cells/ml. at which point the cultures are

20 expanded by dilution into larger volumes with initial
cell densities at the specified splitting densities.

To produce MGDF in roller bottles, a suitable
volume and cellular deheity of suspension culture must
be generated using either magnetically stirred spinner

25 vessels placed in a temperature controlled environment
(37 £ 1°C), or an instrumented, controlled, stirred-tank
bioreactor system. Roller bottles (such as 850 cm2’
Falcon roller bottles) should be seeded at initial
densities of 1.5 to 3 x 107 cells per bottle and

30 supplemented with additional growth medium (DMEM/F12
with 5-10% FBS, 1X NEAA and 1X L-glutamine) in an amount
suitable to generate a confluent monolayer in 3-4 days
(150-300 mL per bottle). The groﬁth medium should be
suitably buffered with sodium bicarbonate to a pH of 6.9

35 to 7.2 in equilibrium with carbon dioxide at a partial
pressure of 60 to 20 mm Hg. Bottles should be gassed



10 of 12 different pegylated MEDF nol ecules, PEG 9 - PEG 12 and PEG 14 -
PEG 21. | nY¥26346e, the MEDF nol ecul e that was pegyl at ed WEGI/ESISE376
derived MGDF-11 (am no acids 22-184, nunbering fromthe begi nning of the
signal peptide or am no aci-ds 1-163, nunbering fromthe 15 begi nning of the
mature protein). Details regarding all of thed&-pegyl ated species are
sumari zed in Tables 7-10 below. 12.1 Preparation of poly-MPEG MEDF

conj ugates by Mgkn2Q0s Ccop/airaénbaihetbitéd aetiopliesl MRS gar intad)i ves
Preparation of pol% NgPE 20kDa) - MDF conjugate (PEG 11). A coql.ed
(4[err]C) sol utidn3d Eors nﬁ/ﬂ?ysrn BE conilygngey %) Fher pH 8,
was added to a Hottdled shbald beV\hd5t38746 serum-free production

PCT/ US95/ 03776 8 t] |
G058 LA, MSEEupies A gl splenale (1120

kDa) (Shearmater olyneyép
stirring andSt herasddogi shef bpthéescwhtbcardisetonben huffer Aughe.as

The extent of ”fb%lwe%fc%'-e Eﬂesﬁhae&'saféeféagsmﬁléow%g 4 Y RAGH ONn

was nonitored by size exclusion (SEC) HPLC using Superdex 700 HR 10/ 30
col urm (PharnacF@rBP@Fééﬁ) thaneadding B0 12RPEFF 1A HHRYIER Chuffer pH 6.9

at 0.7 nl/mn. _39@.carbonat_e-bpf@gge&'PLgeﬁﬁ'ﬁLfﬁéé mfmmm:z e@ciionaooxt-ure at
the 30 mnute tb%% 98)ri'ggkgﬁé?dsﬁBgieﬂgnéé tﬁﬁﬂh's and L-
10 glutamine and with copper sulfate to minimize covalent
aggregation (1-20 uM). Bottles should be gassed with
10% CO2/air and incubated for 6 * 1 days at 37 £ 1°C on
roller racks (~1 rpm), or until metabolic activity has
driven the glucose level to below 0.5 g/L and/or the pH
15 1level below 6.6. The conditioned medium should be
harvested by pouring or aspirating from the bottles and
replaced with fresh, serum-free production medium, as
described above, for additional harvests. This can
proceed until the cells can no longer sustain serum-free
20 production and slough off of the roller bottles.
Harvested conditioned medium can be processed
for purification by dead-end microfiltration through
0.45 um and/or 0.2 pum filters (Sartorius Sartobran pH or
Pall). Filtered conditioned medium should be chilled to
25 4°C, then either stored temporarily at 4°C, or
immediately concentrated and dialyzed to low ionic
strength using a cross-flow, ultrafiltration system
(i.e. Filtron YM-50). TUltrafiltration and diafiltration
should occur at 4°C to minimize protein degradation.
30 Conditioned medium should be dialyzed with a buffered
aqueous solution (i.e. 10 mM potassium phosphate, pH
6.8) prior to chromatographic purification steps.
Product quality in conditioned medium can be
best monitored using non-reducing SDS-PAGE Western blots
35 which can reveal the relative amounts of aggregated,
monomeric, and proteolytically degraded MGDF in the



was left in the reaction mxture. At this point the protei-n concentration
in the reaction mxture was reduced to 1 ng/m by addition of sterile water
and the ¥ the nixture adjusted to 4 with several &‘3&595'93 > 5M
acetic acid. MePEG MGDF conj ugate was separated fromthe excess of MePEG
and ot her reaction by-products by ion- exchange chromat ography using SP
Sepharose HP (Pharmacia 20 Biotech) ion <€k@8range resin. The reaction

m xture was | oaded (2.5 ng/m of resin) onto the columm and the unreacted
MePEG was el ukasiptekh 3 col um vol unes of -the starti ng buffer A (20 m

sodi um phosphate, pH 7. %)gl cer Afte EG

conj ugate was el uted us%ﬁaég eFi ’H ‘8 %\?ﬁ' %&t @“} %Eo col um
vol unes of theeéhd wWobldrb® tdMdigd arcdiﬁfhmne&pxpfbeséhgeNGDmasonan|tored
at 280 nm Fr n Mgg% Jug | ed,
concent r at ed g%%“s&t gflggnﬁ%mﬁg? erec#\/%ﬁh%?opurl poI ﬁ%%é‘éﬁé?f\\@%g
conJugate5%asaéﬁHF9§eHYb§e¥¢§l:Eﬁi?ﬂ&ﬂﬂﬁ;inS mG¢90@SWREn9nmlﬁim®®SMXL

gel fi |”at|08r09bu§8§u1ﬁ0 xhéh@s?“ er lchial N3neene ¢elpat ed by W
~absor bance at 280 nm <_‘g}lel filtration standards served as

gl obul ar protgFﬁw su@@fggyg%w4¥p su a medium while producing
PCT/ US95/ 03776de8fat aDhRcuhts OEi gPdretRdkKMGDF, production can

proceed by scaling up an inoculum culture via serial

10 passaging in increasingly larger culture volumes, then
inoculating a suitable production vessel (an
instrumented, contrblled, stirred-tank bioreactor) and '
allowing the culture to proliferate to its maximal
viable density under optimél growth conditions (pH,

15 nutrients, temperature, oxygen, shear). At the optimal
production point (as determined experimentally by
measuring product quantity and quality) the culture can
be harvested from the bioreactor, and the cells can be
removed from the conditioned medium by micron-scale

20 depth filtration or sub-micron cross-flow
microfiltration. If depth filtration is used the medium
should be further clarified by sub-micron dead-end
filtration prior to concentration and dialysis as
described above.

25 |

While the present invention has been described
30 above both generally and in terms of preferred
embodiments, it is understood that variations and
modifications will occur to those skilled in the art in
light of the above description. Therefore, it is
intended that the appended claims cowver all such
35 variations coming within the scope of the invention as
claimed.



As can be seen in FIG 17A, HPLC SEC reveals two maj or conponents in the
preparati oW@PS2638out a 2 to 1 ratio) elution positions of WEFEHSSMBT¥spond
to those 5 of 370.9 kDa and 155.0 kDa gl obul ar proteins respectively. See
al so Tabl e 8 bel ow. Conjugates PEG 9, PEG 10 and PEG 12 prepared by M3DF
acylation with succinimdyl esters of MMA6-359gkDa MePEGs were conducted
simlarly. The major reaction 10 paraneters used in these preparations are
sumari zed in Table 7. Re .Of HPLC C an t hese conjugates are
shown in Table 8. 15 12. 2%«&%&. QF&EWGn ﬁ;! ﬁ%f?ﬁmiﬁﬁ Qh %ates by
MGDF reductl ve alaltplrdiailencikeld mPEGlamdahiyelelshe Mragieg eaunsh Qﬁ q@xﬁ y- MePEG

(20kDa) - MDF 20204430 snapfﬁ ?Q}tlgglér copled d8lfidiide RidiltiRhal
sol ution of mM sodi um phosphat e,
cont ai ni ng 20 leomgraaasdlﬁs 1PT26F Heom| aFe JiIjkain olrncorporated

mononet hoxy-pol ygt kelrerengkycol al dehyde 25 (MePEG) (average nol ecul ar
wei ght 20 kDa) and the stirring of the reaction m xture was continued at
the sane tenperature. The extent of the protein nodification during the
course of the reaction was nonitored by SEC HPLC 30 wusing Superdex 200 HR
10/ 30 columm (Pharmacia Biotech) eluted with 0.1 M sodi um phosphate buffer
pH 6.9 at 0.7 mM/mn. After .16 hours the SEC HPLC anal ysi s indicated



that nore than 90% of the initial amount of the protein 35 has been
nodified. . At this tine the protein concentration in the reaction m xture
was brough®2t@76 WO 95/ 26746 PCT/US95/03776

PCT/ US95/ 03776 -87- ng/m by diluti-omigf 4+t he reaction mxture with sterile
wat er and the pH adjusted to 4 (0.5M acetic acid). MPEG MZDF conjugate was
separated fromthe excess of MePEG and ot her reaction by-products by ion- 5
exchange chromat ography using SP Sepharose HP (Pharmaci a Bi otech) ion
exchange resin. The reaction m xt usgueRce l1eaeadg (2.5 ng/m of resin) onto
the colum and the unreacted MePEG was eluted with 3 colum vol unes of the
starting buffer A 10 (20 nmM sodi um phosphate, pH 7.2, 15% gl ycerol).

After that, CEYRRAMePECRNEEI®Nconj ugate was el uted using a |inear gradient
fromO0%to 3Q% ixBpl{tagal u f the end buffer B (1M NaCl in buffer
A). The el ueg%’) \f\\/gg rmn?f %&ﬁ;ﬁ%&ﬁhﬁaacu ons contai ni ng pol y- MEPEG 15
MGDF conj ugate were pool esbssénaaeidbakedth.and sterile filtered. The purified
pol y- MePEG MGDF conj ugat eiunas ramalazed by HPLC SEC using TSK- GEL G4000SWKL
and G2000SWKL gel filtratfioatbsl-updsf Boupled in series. 20 Proteins were
det ected by WV absor bance2#el2$ePEiB. Bl O RAD gel filtration standards

served as gl(?B“'T.aL&LE(.) I’ogt %NHP&@C Hgn%’os\:l.\@ioqigt ax@ rtég{xosds for Stimulating

Megakaryocyte Growth and Differentiation
(iii) NUMBER OF SEQUENCES: 34

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Amgen Inc. ‘
(B) STREET: 1840 Dehavilland Drive
(C) CITY: Thousand Oaks
(D) STATE: California
(E) COUNTRY: USA
(F) ZIP: 91320-1789

(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 #1.25

{(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Cook, Robert R.
(C) REFERENCE/DOCKET NUMBER: A-290-C

(2) INFORMATION FOR SEQ ID NO:1:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids
(B} TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Ala Pro Pfo Ala Xaa Asp Pro Arg Leu Leu Asn Lys Met Leu Arg Asp
1 S 10 15



As can be seen in FIG 17B, HPLC SEC reveals two mgj or conpo .
(consti tuti‘NB”g’i%"ﬁnd 47% of the 25 total anmount) in the prgﬁ&%ﬁ%ﬁﬁ

el ution positions of which correspond-txix hose of 359.4 kDa and 159. 3 kDa
gl obul ar proteins respectively. See also Table 8. Conjugates PEG 18, PEG 19
and PEG 21 prepared by MGDF reductive al kylation with MePEG al dehydes of 30
MAEG- 25 kDa were conducted simlarly. The major reaction paraneters used
in these prepagét iN@BSVAY Ees WIBBXZ Reg iteuTR{Y @14 xaRestd aspOoi1eHRLL SEC

anal yses of these conjugabes are shown inz2dabl e 8. WO 930 26746

PCT/ US95/ 03776 -88- 12.3. Preparation of nononet hoxy-pol yet hyl ene gl ycol -
MGDF conj uffdt ESFRRMARIPHECR| SEQ &9 N@:achment at the N- terminal [err]-am no

residue. 5 Prep r%g c?:f T 20kDa) - MGDF conjugate (PEG 16). To a
cool ed (4[err] %) (%ﬁ@ﬁ%&“ﬁgg%id (2 mM, 2,5 /M) in 100 nM
sodi um phosphat e, Rk} Sypi? anB@pt18i Ng 20 MM NaCNBH3 was added a 5-fold
mol ar excess of netibpxyrpaknyedivBys erengle/col al dehyde (MePEG (average

nol ecul ar wei ght 2QpkDpoweak:t hinestri rring of the reaction m xture was

continued at the sane tenperature. The extent of the protein nodification
during (ii) MOLECULE TYPE: protein

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Ala Pro Pro Ala Xaa Asp Pro Arg Leu Leu Asn Lys Met Leu Arg Asp
1 5 10 15

Ser His Vval Leu His
20

{2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 17 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: protein

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Thr Gln Lys Glu Gln Thr Lys Ala Gln Asp Val Leu Gly Ala Val Ala
1 5 10 15

Leu

(2) INFORMATION FOR SEQ ID NO:4:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

GCNCCNCCNG CNTGYGA 17



15 the course of the reaction was nonitored by SEC HPLC using Superdex 200
HR 10/ 30 Phar maci a Biotech) eluted with 0.1 M sodi phat e
buf f er ppfgggﬂg?£0.7 m/mn. After 16 hours the SEC HPLC éﬁghggg@g di cat ed
20 that about 90% of the initial anm3l?t -of the protein has been nodified.
At this tine the protein concentration in the reaction m xture was reduced
to 1 ng/m by dilution with sterile water and the pH of the reaction

m xture adjusted to 4 (0.5 Macetic acid). 25 The nono- MePEG
(20kDa) - MGDF conj ugate was separated fromthe excess of MePEG and ot her
react i on'@yIFFEYHTIW EOR iSER- Bk dRahge chronmat ogr aphy using SP Sephar ose HP
(Pharmaci a Bjqt p.an esin. The reaction m xture was | oaded
(2.5 my/ o*lqisgg(ﬁg,rgggg ;;i;)éﬁ a 53{3 'Isurm.and the unreacted MePEG was el uted
with 3 col um volgymgepi nhgge,_s:t a&id ng buffer A (20, "M sodi um phosphate, pH
7.2, 15% gl ycer ok¢) sARarpeEDNBSH: sifteMePEG MGDF conj ugate was el uted using a
| i near gradi ent fROIFOBOHAGY: 2EiMeat t he end buffer B (1M NaC in 35 buffer

A) in 20 colum volunmes. The eluent was nonitored at 280 nm Fractions
cont ai ni ng pol’yMREASEEE TYPEGSDIS) 26746

PCT/ US95/ 03776 -89- MEDF conjugate were pool ed, concentrated and sterile
filtered. The honogeneity of the nono- MePEG MGDF

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
GCARTGYAAC ACRTGNGART C : | | ' 21
(2) INFORMATION FOR SEQ ID NO:6: . ‘
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Ala Pro Pro Ala Cys Asp Leu Arg Val Leu.sér Lys Leu Leu Arg Asp
1 5 10 15

Ser His Val Leu His
20

{2) INFORMATION FOR SEQ ID NO:7:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

GTACGCGTTC TAGANNNNNN T A 21



conj ugat e erm ned by Sodi um Dodecyl Sulfate 5 Polyagyi:édd I

El ect roph??aggiﬁzs&gési ng 4-20% precast gradi ent gels (NOVEX). &g | or%ﬁnd
corresponding to the position of a 46.13%kBa protein was reveal ed. The
purified poly-MePEG MEDF conj ugate was anal yzed by HPLC SEC usi ng TSK- GEL
A000SWKL and 10 G2000SWKL gel filtration colums coupled in series.
Proteins were detected by UV absorbance at 280 nm The Bl O RAD gel
filtratiofR)sOsRRaATEONS 80K ekEQasD gloobul ar protein nol ecul ar wei ght mar kers.
As can be seen in FIG 17C, SEC HPLC reveal s 15 one maj or conponent in the
preparati on, é‘l’utsF'%‘r‘F"IgS FARARTERISTI®N:ch corresponds to that of 181.1 kDa

gl obul ar protein. :ge%[gg% P WMno- MePEG MGDF conj ugat es PEG 14, PEG
15 and PEG 17 prepgy ) I gguetd ve al kylation with MePEG 20 al dehydes
of MMG6-25 kDa wers) aopdimivediigiedk! arly. The nmjor reaction paraneters used
in these preparations are sunmarized in Table 7. Results of HPLC SEC

anal yses of tosHOERIVLEGEHPES ¢ shown in Table 9. WO 95/ 26746
PCT/ US95/ 03776 -90- Table 7 Summary of MGDF nodification reaction
parameters Code Reactive MePEG Reaction conditions Type MV
MGDF PH (xiheEBGENcE! BBScrRIPPYONS sEQ ID NO:8:
AGTTTACTGA GGACTCGGAG G 21

{2) INFORMATICN FOR SEQ ID NO:9:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: cDNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
TTCGGCCGGA TAGGCCTTTT TTTTTTTTTT 30
{2) INFORMATION FOR SEQ ID NO:10:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: cDNA

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:10:
TTCGGCCGGA TAGGCCTTTT TTTTTTTTT 29
{2) INFORMATION FOR SEQ ID NO:11:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 20 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: cDNA



conc. ' ature, h Ratio nmg/ m [err]C

PEG9 NHS 6kDa 2.5 8 r.t. 0.5 15
Zfif?rg PI\E@@WZE%QHS 6kDa 2.5 8 rot. 0 PET/USISI0371§) est er
PEG 11 NHS 20kDa 2.5 - B14 - 1. t. 0.5 10 ester PEG 12
NHS 50kDa 2.5 8 r.t. 0.5 5 ester PEG 14 ALDEHY
6 kDa 2.5 5 4lerr]C 16 5 DE PEG 15 ALDEHY 12kDa
2.5 5 4lerr]C 16 5 DE PEG 16 ALDEHY 20kDa 2.5
5 4lerr]C 16 5 DE PEG 17 ALDEHY 25kDa 2.5 5
4lerr]C 16 10 DE PEG 18 ALDEHY  6kDa 5 5
4lerr]C tximsoumcsmnmmmm.gsmnﬁm 112k Da 5 5
alerr]C, 10 DE PEG 20 ALDEHY 20kDa 5 5
4lerr]C GCGACC{%C GAGICCISA®E PEG 21 ALDEHY 25kDa , 5 5 20

4l err] Ciz) inrdfarion FbR &6 2 No:12:

(i) SEQUENCE CHARACTERISTICS: ]
(A) LENGTH: 23 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12: : _ ‘
GAGTCCTCAG TAAACTGCTT CGT 23
(2) INFORMATION FOR SEQ ID NO:13:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
GGAGTCACGA AGCAGTTTAC 20
(2) INFORMATION FOR SEQ ID NO:14:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:

CCTTTACTTC TAGGCCTG 18



WO 95/ 26746 PCT/ U595/(%3 7&9.-,’3%-
Tabl e 8 SuMRISR636 pol y- MePEG MGDF characteristics by SEC HPIG ¥S%QY

Reactive MePEG Apparent MV by Conponggt -SEC, kDa anount, % PEG 9
NHS - 6kDa 87.9 75 ester 52.7

25(shoul der) PEG 10 NHS 6kDa 69. 2 14(shoul der) ester
42.9 86 PEG 11 NHS 20kDa 370.9 68 ester
155.0  (2) rnrorvBkoRERRl2e MHR0:15:50kDa 865. 6 53 ester
368.0 47 PEG 18 ALDEHY 6k Da 84.6 60 DE
41.5 (i) dEpURNCE HArAENERYSTIEZkK Da 218.4 59 DE
106. 7 ) PEGTH] 79 BEEf pai®kDa 359.4 52 DE
159. 3 B PERE 2 pugledEipcid5k Dg 450. 5 54 DE

218. 4 @Tgéﬁa@g@%ﬁg pete

PCT/ US95/ 03776 -92
(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:
GAGGTCACAA GCAGGAGGA 19
{2) INFORMATION FOR SEQ ID NO:16:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 19 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: cDNA

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:16:
GGCATAGTCC GGGACGTCG 19
(2) INFORMATION FOR SEQ ID NO:17:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 19 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:
TCCTCCTGCT TGTGACCTC 19
{2) INFORMATION FOR SEQ ID NO:18:
(1) SEQUENCE CHARACTERISTICS: -
(4) LENGTH: 19 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA



Appar ent nol ecul ar wei ghts of nono- MePEG MGDF Conjugates 5 Code Reactive

MePEG Ap arent Mbe Apparent MV by SEC. kDa SDS PAGE I MV
PEG 14 A 44.5 27.7 DE PEG Iﬁ%ﬂﬁ% 12kDa
104.7 38. 3 DE PEG 16 ALPEHY6 20kDa 181.1 46. 9
- DE PEG 17 ALDEHY 25kDa 226. 4 55.5 DE 12.4. Preparation

of Di MePEG (12kDa) - MG@DF conj ugates by 10 reductive al kylation of MEDF with
met hoxy pol y(et hyl ene glycol) aldehyde (PEG 221. The follow ng procedure
results in a purified nol ecule referred to herein as PEG 22. 15

A 5-fold excess of net hox eth | ene coI al dehyde (MePEG i.e.,

[err]; wher@&ip SEQUENGE,DES “53% ”lhégotq?e 8cul ar weight is ca. 12 kDa)
(Shear E%Esapp s added to a 2.5 ng/nL solution of M3DF ( col i
deri ve\c/i\% - %%;Eﬁégf&gamw 20 sodium acetate, pH 5.0 held at 5 deglr ees

Cel si us.(2AfingbRMATEON FdROBE @pNRgraees, sufficient sodi um cyanoboro- hydri de
(Al drich) was added to achieve a 20 mM concentration in the reaction

m xt ure. Thi@)n$BQUENCE \QHARRQTEREIIMICBOr 16 hours at
(A) LENGTH: 30 base pairs '

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19: . ' ‘
CAACAAGTCG ACCGCCAGCC AGACACCCCG 30
(2) INFORMATION FOR SEQ ID NO:20:
(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:
GGCCGGATAG GCCACTCNNN NNNT 24
{2) INFORMATION FOR SEQ ID NO:21:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:

GCARTGYAAN ACRTGNGART C 21



WO 95/ 2674 PCT/ US95/
appr oxi mat ?oggndgﬁrees C. At the end of this tinme, suffici er?'?’q‘purl ed

wat er, USP was added to bring the conteht?ation of MGDF to 1 ng/ni. Th| S
was filtered through a 0.2 micron vacuumfilter. 90 ng of reaction 5
product were prepared in this manner. Snmall anounts of 1.0 M nonobasic
phosphate and 1 N sodi um hydroxi de sol utions were added to the reaction
product m )’(%)urIéF@WéWé“@é %EQL@DnIM BRosphate, pH 6.8 solution. The

conj ugate was puri on cation 10 exchange columm. A 40nL SP- Sephar ose
Hi gh Per for mand® CS&Q ?A theé %ﬁsé“dc%th a bed height of 7.5 cm The
colum was equili br(g A, ,;chgyﬂag aa’fl on buffer (10 mM phosphate, pH 6.8,
with 15% gl ycerol) .(cy¥ mbgﬁmngass,_h ggled at 2.2 ng/nL resin at 0.15 colum
vol unes (CV) 15 per(pm roroeocYkhi snewas foI | owned by a wash with the
equilibration buffer until baseline was achieved. The colum was eluted
with a 10 col ik VOREFER I¥REr <B¥adi ent from Buffer A (20 mM phosphate, pH
7.2 with 15 % glycerol) to Buffer B (Buffer A plus 0.3 MNaC ). The 20 flow
rate was nmintai ned throughout at 0.15 CV per minute. The el uent was

noni tored at 239 nbumids: BESdRISeIoN:"BES 1HUb3h.t he fractions and those
contai ning the D PEG conjugate were pooled and filtered though a 0.2 mcron
unit. 25 BSSPETECR3cBraxcogi cal Activity of Pegyl ated MEGDF Ml ecul es 16

(2) INFORMATION FOR SEQ ID NO:23:
(1) SEQUENCE. CHARACTERISTICS:
{(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

{xl) SEQUENCE DESCRIPTION: SEQ ID NO:23:
CACAAGTGCA CACCAACCCC 20
(2) INFORMATION FOR SEQ ID NO:24:

{i1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1342 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: cDNA
{ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 99..1094
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:
CAGGGAGCCA CGCCAGCCARA GACACCCCGG CCAGAATGGA GCTGACTGAAR TTGCTCCTCG 60
TGGTCATGCT TCTCCTAACT GCRAGGCTAA CGCTGTCC AGC CCG GCT CCT CCT 113

Ser Pro Ala Pro Pro
1 5



30 A PEG 9 - PEG 12 and PEG 14 - PEG 21 Pl atel et counts frolm m ce a5
treated w onbi nant human MGDF were neasured and the_res! e

pr esent e?ofs%n&f 18. CHO derived 22-353 (open di anond), 3&3@?9%@*72 E.
coli 22-184 (open circles) and WOLD8/ 26746

PCT/ US95/ 03776 -94- pegylated E. coli 22-184 (closed circles) M3EF at the
concentrations indicated in the description of the figures above, were

i nj ected subcutaneously into normal Balb/c mce once daily for 5 days. Test
bl eeds FFBHACE GAC $AEICGGA GTRICAF ARTt AdK CIGtCliT cemiGACWET®E capldrect ed 24shours

after tﬁéaI%@tA?R\JLEEtﬁr@nVaJBILGBoFecFeFYS deul Jesedradse $ror Hos fed with a Sysnex
el ectronic bl ood cell ¥nal yser (Baxter Piagnostics, 1nc2%lrvine,

Dot 2o ot QAECRRING % AP RO obofISh r&wg&;}gg& LR U S et
st andar de@riQr sé¥f athaieady egflailes 5 g h as tg?%\
white blood cell cesints or red bl oogh cell counts wers not affected by this
treatnment. Additional forns of reconbi nant human MEDF were tested as above.
Pl at el e€CE GTRt STF FBMGATCECT CEGIREG IBT AGLtITGeLEh GAASTAIgAK icday or 187

ug/ kg/ dB¥° IRt 1R LRRiEEat Rt VBt RSB Phe SerPm Gk GBoTwP Lwvs tThe ol | owi ng
Tabl e 10. Data are the nmean of 42ani mal s and the S8t andard errors are

i talicigg¢l.are cac GAG ACC ARG GCA CAG GAC ATT CTG GGA GCA GTG ACC CTT 305
Gln Met Glu Glu Thr Lys Ala Gln Asp Ile Leu Gly Ala Val Thr Leu
55 _ 60 65
CTG CTG GAG GGA GTIG ATG GCA GCA CGG GGA CAA CTG GGA CCC ACT TGC 353 :
Leu Leu Glu Gly Val Met Ala Ala Arg Gly Gln Leu Gly Pro Thr Cys ‘
70 75 _ 80 85
CTC TCA TCC CTC CTG GGG CAG CTT TCT GGA CAG GTC CGT CTC CTC CTT 401
Leu Ser Ser Leu Leu Gly Gln Leu Ser Gly Gln Val Arg Leu Leu Leu
90 95 100
GGG GCC CTG CAG AGC CTC CTT GGA ACC CAG CTT CCT CCA CAG GGC AGG 449
Gly Ala Leu Gln Ser Leu Leu Gly Thr Gln Leu Pro Pro Gln Gly Arg
105 110 115
ACC ACA GCT CAC AAG GAT CCC AAT GCC ATC TTC CTG AGC TTC CAA CAC 497
Thr Thr Ala His Lys Asp Pro Asn Ala Ile Phe Leu Ser Phe Gln His
120 125 130
CTG CTC CGA GGA AAG GTG CGT TTC CTG ATG CTT GTA GGA GGG TCC ACC 545
Leu Leu Arg Gly Lys Val Arg Phe Leu Met Leu Val Gly Gly Ser Thr
135 140 145
CTC TGC GTC AGG CGG GCC CCA CCC ACC ACA GCT GTC CCC AGC AGA ACC 593
Leu Cys Val Arg Arg Ala Pro Pro Thr Thr Ala Val Pro Ser Arg Thr
150 155 160 165
TCT CTA GTC CTC ACA CTG AAC GAG CTC CCA AAC AGG ACT TCT GGA TTG 641
Ser Leu Val Leu Thr Leu Asn Glu Leu Pro Asn Arg Thr Ser Gly Leu
170 175 o 180
TTG GAG ACA AAC TTC ACT GCC TCA GCC AGA ACT ACT GGC.TCT GGG CTT 689
Leu Glu Thr Asn Phe Thr Ala Ser Ala Arg Thr Thr Gly Ser Gly Leu
185 190 : 195
CTG AAG TGG CAG CAG GGA TTC AGA GCC AAG ATT CCT GGT CTG CTG AAC 737
Leu Lys Trp Gln Gln Gly Phe Arg Ala Lys Ile Pro Gly Leu Leu Asn
200 205 210
CAA ACC TCC AGG TCC CTG GAC CAA ATC CCC GGA TAC CTG AAC AGG ATA 785

Gln Thr Ser Arg Ser Leu Asp Gln Ile Pro Gly Tyr Leu Asn Arg Ile
215 220 225



WO 95/ 26746 PCT/ U - 95-
Tabl e 10 SBV?JM&?‘day 10 ug/ kg/ day Form ?&@%&7{)?-{1724)

Mean (n=4) sem CHO 22- 353 - 114343 309 2571
80 E. coli 22-184 2021 29 1439 18 PE®R®
2728 56 2369 34 PEG 10 2431

291 ' 1556 126 PEG 11 3778 59

1861 cac Gaa/ 3r®PE@clRAT Gea acT cer GaB8Ere TrT cer ddabecce TcA cee 1740 833
88 PEG 14 His Glu Leu Leu3&€i¥/ Gly Thr Arg &0y Leu Phe Pr3(@¥y Pro Ser Arg 63 PEG 15
4402 230 57 2834 99 PEEG 16 243511

239 3215 11 PEG 17 4140 188

3113 AGG ?%gwﬁggleg;% cCa :AC zIai'T ng gg_;a :ga T iAC ;ﬁa gfc 0931 881
129 PEG 18™ U CLYT SR T AP Tle P8 Sor LY TR HoReP Tut ®Y80 PEG 20
3942 285 3054 339 PEG 21 4195

145 TCC ¢i0)2cA ccC AAC Ccr@lcz2Raset iGGB TAT TCT CCT MROCCA ACC CAT 25 598y to
Tabl e 10 ISerebgshPoé BrieeAsroLew\GlngPrq [Gdy MIBFSem [Paeu$er PRatThralisi0 pegyl at ed
was E. coli derived 268DF-11 (amino acd’@s 22- 184, nunB&fing fromthe

Beg! nni ng c%%; ﬁ’faﬁ& t%&%' iR &F’%ct;o{:mé‘ 8%&"5&’? cta 1?% Agg'%‘argg flromf;_t)e
egi nni ng x@ eriRtd( e QP! The 1ES pHESHS BEY Fr8 S 1 TRP AR mple Lz
280 285 290
ACC CCT GTG GTC CAG CTC CAC CCC CTG CTT CCT GAC CCT TCT GCT CCA 1025
Thr Pro Val Val Gln leu His Pro Leu Leu Pro Asp Pro Ser Ala Pro
295 300 305
ACG CCC ACC CCT ACC AGC CCT CTT CTA AAC ACA TCC TAC ACC CAC TCC 1073
Thr Pro Thr Pro Thr Ser Pro Leu Leu Asn Thr Ser Tyr Thr His Ser
310 315 320 325
CAG ARAT CTG TCT CAG GAA GGG TAAGGTTCTC AGACACTGCC GACATCAGCA 1124
Gln Asn Leu Ser Gln Glu Gly
330
TTGTCTCGTG TACAGCTCCC TTCCCTGCAG GGCGCCCCTG GGAGACAACT GGACAAGATT 1184
TCCTACTTTC TCCTGAAACC CARAGCCCTG GTAAAAGGGA TACACAGGAC TGAAAAGGGA 1244
ATCATTTTTC ACTGTACATT ATAAACCTTC AGAAGCTATT TTTTTAAGCT ATCAGCAATA 1304

CTCATCAGAG CAGCTAGCTC TTTGGTCTAT TTTCTGCA 1342

{2) INFORMATION FOR SEQ ID NO:25:
(i) SEQUENCE CHARACTERISTICS:
{3) LENGTH: 332 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
{(ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:

Ser Pro Ala Pro Pro Ala Cys Asp Leu Arg Val Leu Ser Lys Leu Leu
1 5 10 15

Arg Asp Ser His Val Leu His Ser Arg Leu Ser Gln Cys Pro Glu Val
20 25 30

His Pro Leu Pro Thr Pro Val Leu Leu Pro Ala Val Asp Phe Ser Leu
35 40 . 45



15 20 WD 95/ 26746

PCT/ USQS«Q,E;%E@ -~96- Nane Pegyl ati on Avg. | ve PEG
of PEG no ez:“gl e for synthesis 5 PEG 9 pol ypegyl a%msgﬁ&%& 6 kDa
NHS ester of MePEG PEG 10 = pol ypedd@ted 6 kDa NHS ester of

MePEG PEG 11 pol ypegyl at ed 20 kDa NHS ester of MePEG PEG 12

pol ypegyl at ed 50 kDa NHS ester of MePEG 10 PEG 14

nonopegyl at ed 6 kDa Al dehyde of MePEG PEG 15 nonopegyl at ed

12 kDa Gly Aldetrpdiy®Thhe@REGMEEGLE0G1u Tholyseapd 8ledhsp Ile Leu 20 kDa

Al dehyde of 3RePEG PEG 17 #nopegy! at ed T(oDa 25 kZad ) QI depyﬁl/gpcléfG .
MePEG 1 ol ypegyl at ed 6 e e o

19 p%g(/ﬁ%y‘f% I e %‘; Led 515 g1y VangEre Aot AEPRY Rl 20

pol ypegyl at ed 20 kDa Al dehyde '0f MePEG PEG 21 pol ypegy! at ed
25 kDa Leu AlgehrpdenoicybERinGs@d) ser Leu Leu Gly ¢ b@@@e‘rn@ly‘:@mi‘t s are iIn

normal animal s withouBSadm nistration 8 any materials.ggt is clear  that
pegylation _of reconbi nant human MGDF does not adversely affect the ability
of the Y BE3I%E% by P HTern deRI Bn Eotitey Tev FieiTpEedin 28u animals, and
may in fact increaSe the activity ™ the E. coli pr1&8uct 22-184 to be as

great ofrfeestdn &hanrhnal eRSALY A LHE AHQ AehLY 9da2fre33Re 0! eCUl €.
115 120 125

Leu Ser Phe Gln His Leu Leu Arg Gly Lys Val Arg Phe Leu Met Leu
130 135 140 -

Val Gly Gly Ser Thr Leu Cys Val Arg Arg Ala Pro Pro Thr Thr Ala ‘
145 - 150 155 160

Val Pro Ser Arg Thr Ser Leu Val Leu Thr Leu Asn Glu Leu Pro aAsn
165 170 175

Arg Thr Ser Gly Leu Leu Glu Thr Asn Phe Thr Ala Ser Ala Arg Thr
180 185 : 190

Thr Gly Ser Gly Leu Leu Lys Trp Gln Gln Gly Phe Arg Ala Lys Ile
195 200 : 205 .

Pro Gly Leu Leu Asn Gln Thr Ser Arg Ser lLeu Asp'Gln Ile'Pro Gly
210 215 - 220

Tyr Leu Asn Arg Ile His Glu Leu Leu Asn Gly Thr Arg Gly Leu Phe
225 230 235 240

Pro Gly Pro Ser Arg Arg Thr Leu Gly Ala Pro Asp Ile Ser Ser Gly
245 250 255

" Thr Ser Asp Thr Gly Ser Leu Pro Pro Asn Leu Gln Pro Gly Tyr Ser
260 265 270

Pro Ser Pro Thr His Pro Pro Thr Gly Gln Tyr Thr Leu Phe Pro Leu
275 280 _ 285 :

Pro Pro Thr Leu Pro Thr Pro Val Val Gln Leu His Pro Leu Leu Pro
290 295 - 300

Asp Pro Ser Ala Pro Thr Pro Thr Pro Thr Ser Pro Leu Leu Asn Thr
305 310 315 320

Ser Tyr Thr His Ser Gln Asn Leu Ser Gln Glu Gly
325 330



B. PEG‘Z%WBQ&?E%F

nornmalization o

95/ 26746

EXAMPLE 14 Expression of
To express r-HUMEDF in E coii,

lts with PEG 22 are presented in FIG 24.
atelet counts with PEG 22 occurred severa
than with full-length CHO derived MGDF,1

23EG 16,

or

F@gfu%%/wm

PEG 17. 35
PCT/ US95/ 03776 -97-
in E. coli 5

reconbi nant human MGDF [ 1- 163]

ays sooner
WO

t he sequence encoding the first 163 am no

aci ds of tfe FEQRRTHMOFER FERALP AWedfcal |y synt hesized utilizing optinal

E. coli codons.
Met hi oni ne and ‘Y’
the r-HUMSDF prot eig ejep
begi nning w th Met 1ty sTrRAKSE

i

&8

2

1-]

k$d

[§:3

end of 10

§ﬂ%ﬁ?CGS encodi ng the am no aci ds

t he gene.

Ther ef or e,

sequence is 165 amno acids in length
DRNESSCRERgIY this gene is set forth in FIG 25.

The synthesis of the) reoblohdé®: (ined®3) gene was 15 aeconplished in severa

st eps.

First,

conpl enentary ol i gonucl eoti des (60-70bp in | ength)

representing &8})oMRLERPLEr Bfffene®20f t he gene were chenical ly synthesized
During this synthesis,
am no aci ds Mgl Qi @RiAGes0 and Lysine were placed at the 5° end of the

{A) NAME/KEY: CDS
(B} LOCATION:

utilizing optinal

mat ur e gene,

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:

E. col

codons.

99.

.621

codons for the

CAGGGAGCCA CGCCAGCCAA GACACCCCGG CCAGAATGGA GCTGACTGAA TTGCTCCTCG 60

TGGTCATGCT TCTCCTAACT GCAAGGCTAAR CGCTGTCC AGC CCG GCT CCT CCT
Ser Pro Ala Pro Pro

GCT
Ala

CcTT
Leu

CCT
Pro

Gln

CTG
Leu
70

C1C
Leu

GGG
Gly

ACC
Thr

TGT
Cys

CAC
His

GTC
val

ATG
Met
55

CIG
Leu

TCA
Ser

GCC
Ala

ACA
Thr

GAC
Asp

AGC
Ser

CTG
Leu
40

GAG
Glu

GAG
Glu

TCC
Ser

CTG
Leu

GCT
Ala
120

CTC
Leu

AGA
Arg
25

CTG
Leu

GAG
Glu

GGA
Gly

CTC
Leu

CAG
Gln
105

CAC
His

CGA
Arg
10

CTG
Leun

CcCT
Pro

ACC
Thr

GTG
val

CTG
Leu
90

AGC
Ser

AAG
Lys

GTC
val

AGC
Ser

GCT
Ala

ARG
Lys

ATG
Met
75

GGG
Gly

CrC
Leu

GAT
Asp

CIC
Leu

CAG
Gln

GTG
Val

Ala
60

GCA
Ala

CAG
Gln

CIT
Leu

CcCcC
Pro

AGT
Ser

TGC
Cys

GAC
Asp
45

CAG
Gln

GCA
Ala

CTT
Leu

GGA
Gly

AAT
Asn
125

Lys

cca
Pro
30

TTT
Phe

GAC
Asp

CGG
Arxg

TCT
Ser

ACC
Thr
110

GCC
Ala

CTG
Leu
15

GAG
Glu

AGC
Ser

ATT
Ile

Gly

GGA
Gly
95

CAG
Gln

ATC
Ile

CTT
Leu

GTT
val

TTG
Leu

CTG
Leu

CAA
Gln
80

CAG
Gln

CTT
Leu

TTC
Phe

1

CGT GAC TCC
Arg Asp Ser

CAC
His

GGA
Gly

Gly
65

CTG
Leu

GTC
Val

cCT
Pro

CTG
Leu

ccT
Pro

GAA
Glu
50

GCA
Ala

Gly

CGT
Arg

CCa
Pro

AGC
Ser
130

TTG
Leu
35

TGG
Trp

GTG
vVal

ccc
Pro

CTC
Leu

CAG
Gln
115

TTC
Phe

CAT
His
20

CcCT
Pro

Lys

ACC
Thr

ACT
Thr

CTC
Leu
100

GGC
Gly

Gln

5

GTC
val

ACa
Thr

ACC
Thxr

CTT
Leu

TGC
Cys
85

CTT
Leu

AGG
Arg

CAC
His

113

161

209

257

305

353

401

449

497



and a stop codon was placed at the 3' end of the gene. In addition, cutting
sites f striction enzymes Xbal and Hindl Il were JEGes he
extrene%o%;ﬁ‘akg' ends of the gene respectively, and a s?nt het fl(azs?f;bosone
25 binding site was placed an appr 88fi ate di stance upstream of the
initiating Methionine. Second, the conplenmentary oligonucl eotides for each
gene fragnent were anneal ed. Thi rd, these individual synthetic gene
fragments were anplified using the Polynmerase Chain Reaction. Fourth, 30
anpl i fiT8dCT¢ &g&ﬁ%%@'ﬁ%%@:@él MY GTT RS ‘éﬁi\ ‘Qgrb%ﬁ e vectdP. Fifth,
the sed§® 59 FHeleufal rgntre frudiinten \gﬁg d. ™% xth, the

I ndi vi dual agnents were |7'gated together sub ¢loned into an

appr oprdrat fsv/ @8¢ Qlec £EF @BEIAACEEN Ak Nial Hét Freneichabe adR addMGDF (533163)
gene. 1eunald yal taxg Sﬂ_ﬂlllﬂiﬂ@&oOf’rd e r reGOABs Valtme, genargamerified.

95/ 267460 155 160 PCT/ US951€8776 -98- The
synthetic r- HUMGDF gene fr f | anked Xbal and Hindl Il restriction
%ﬁ?ﬁb‘é.% TGEATGosone bi ndithg site,

sites Tt‘g@ TC L1¢ %%‘%%F\felcﬁm
t he ATG®St att Ebcﬁﬁ’\' T é’eg&ﬁ.’i‘e Hcoding the mature Met- 5 Lys r- HUMGDF
protein, and the stop codon The above fragnent was cloned into the Xbal

and Hi nebbAcatahescratatdue broicoasei adngitaber LEPERIATCO NGARCESIAGPAMGDL The
pAMGL1 vector is a | ow copy-nunber plasmd with a pR100-derived origin of

repl i cARGEPATTTACGAGCCAAGAT TCCTGGTCTG CTGAACCAAA CCTCCAGGTC CCTGGACCAA 761
ATCCCCGGAT ACCTGAACAG GATACACGAA CTCTTGAATG GAAéTcsTGG ACTCTTTCCT 821
GGACCCTCAC GCAGGACCCT AGGAGCCCCG GACATTTCCT cAGGAAca'rc AGACACAGGC 881 (
TCCCTGCCAC CCAACCTCCA GCCTGGATAT TCTCCTTCCC CAACCCATCC TCCTACTGGA 941

CAGTATACGC TCITCCCICT TCCACCCACC TTGCCCACCC CTGTGGTCCA GCTCCACCCC 1001
CTGCTTCCTG ACCCTTCTGC TCCAACGCCC ACCCCTACCA GCCCTCT*CT AAACACATCC 1051
TACACCCACT CCCAGAATCT GTCTCAGGAA GGGTAAGGTT CTCAGACACT GCCGACATCA 1121
GCATTGTCTC GTGTACAGCT CCCTTCCCTG CAGGGCGCCC CTGGGAGACA.ACTGGACAAG 1181
ATTTCCTACT TTCTCCTGAA ACCCAAAGCC CTGGTAAAAG GGATACACAG GACTGAAAAG 1241
GGRATCATTT TTCACTGTAC ATTATAAACC TTCAGAAGCT ATTTTTTTAA GCTATCAGCA 1301

ATACTCATCA GAGCAGCTAG CTCTTTGGTC TATTTTCIGC A 1342

(2) INFORMATION FOR SEQ ID NO:27:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 174 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27:

Ser Pro Ala Pro Pro Ala Cys Asp Leu Arg Val Leu Ser Lys Leu Leu
el S 10 15

Arg Asp Ser His Val Leu His Ser Arg Leu.Ser'Gln Cys Pro Glu Val
20 25 30

His Pro Leu Pro Thr Pro Val Leu Leu Pro Ala Val Asp Phe Ser Leu
35 40 45



10 expression plasmd pAMGL1 can be derived fromthe plasmd
( ATCCH 6957‘699§1§5€}%i ted February 24, 1994) by making g seri et %55?0?276

di rected base changes by PCR overl appt n@3l+4 go nutagenesis. Starting with
the Bglll site (plasmd bp # 180) imrediately 5 to the 15 plasm d
replication pronoter [err] and proceeding toward the plasmd replication

genes, the base pair changes are as follows: WO 95/ 26746

PCT/ US95/ 034,761 38p DAVERL iR ¥et GlOMGIWNTREANEGEER Gln Aspbpiehaaged to in
PAMGL1 # 204 s0 T/ A 55 C/ G #0 428 AT
GC5 # 509 GC AT # 617 - -

i nsert tV\KﬁJ@ @l%p’a# Tl’g:]g.eu Leu Leu Glu @yCVal Met Ala Ala kFﬂAGa:y ?80

T/ A 65 CG# 99470 gc ™ AT # 1004
AT Leu Gly Pg Gr#r 138971’.@11 Ser Ser lLeu YN Gly Gln Leu Ser af.f\eﬁn1028

AT TPA # Tga7 6 T§A # 1178

G C ' T/ A 15 # 1466 G C T/ A # 2028
G C Val Arg Igp Ued Geir03ly#ARd §fu Gln Ser Leu Ly Gly Thr Gln Leu T/ A # 2480
ANT T/ AL0O 105 110

Pro Pro Gln Gly Arg Thr Thr Ala His Lys Asp Pro Asn Ala Ile Phe
115 120 125

lLeu Ser Phe Gln His Leu Leu Arg Gly Lys Val Arg Phe Leu Met Leu
130 135 140

Val Gly Gly Ser Thr Leu Cys Val Arg Arg Ala Pro Pro Thr Thr Ala
145 150 155 160

Val Pro Ser Arg Thr Ser Leu Val Leu Thr Leu Asn Glu Leu
165 170

(2) INFORMATION FOR SEQ ID NO:28:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1164 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

{ix) FEATURE:
(A) NAME/KEY: CDS
{B) LOCATION: 97..894

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:

AGGGAGCCAC GCCAGCCAGA CACCCCGGCC AGAATGGAGC TGACTGAATT GCTCCTCGTG 60
GTCATGCTTC TCCTAACTGC AAGGCTAACG CTGTCC AGC CCG GCT CCT CCT GCT 114
Ser Pro Ala Pro Pro Ala
1 5
TGT GAC CTC CGA GTC CTC AGT AARA CTG CTT CGT GAC TCC CAT GIC CTT 162
Cys Asp Leu Arg Val Leu Ser Lys Leu Leu Arg Asp Ser His Val Leu
10 15 20
CAC AGC AGA CTG AGC CAG TGC CCA GAG GTT CAC CCT TITG CCT ACA CCT 210

His Ser Arg Leu Ser Gln Cys Pro Glu Val His Pro Leu Pro Thr Pro
25 30 35



# 2499- 2502

A/ T #m»'&95l26746

# 4489-4512
GAGCTCACTAGTGTCCAG CTCGAGTGATCACAGCTGGACGTC (SEQ I D NOs: 30, 31) and by

T/ A 30

substituting the DNA sequence between the unique 35 Aatll

bp del etion AGGCTCG 25 # 3435

AGTG

G C

= 124 -

GICA TCAC CAGT # 2642
AT # 3643 Paﬁsg"%":f‘
i nsert bps
and d al
WO 95/ 26746

restriction sites with the foll owi ng oligonucl eoti de:
PCT/ US@5¢ 0367616 D00-coratTd GASABEBAGS TTG GGA GAA TGG AAA ACC CAG
CTCATAXTYT TLETARAARAT TRGAT YA GASR AANECEFAAAATIRT¢lu Frp Lys Thr Gln
TGCAGAGTATTRAAAATTTTTTAAGTAAACTGTTTACGATTTTARGAA- 5

it ML ik & e

33) 10 Bxpression of

CTG GAG GGA GTG
Glu Gly Val

Leu

TCA
Ser

GCC
aAla

ACA
Thr

CcTC
Leu
135

AGC
Ser

AGC
Ser

AAT
Asn

TGG
Trp

TTC
Phe
215

TGG
Trp

CTT
Leu

TCC
Ser

CTG
Leu

GCT
Ala
120

cGca
Arg

CAG
Gln

CaA
Gln

cCcC
Pro

ACT
Thr
200

CIC
Leu

ATA
Ile

cCcC
Pro

CTC
Leu

CAG
Gln
105

CAC
His

GGA
Gly

AAC
Asn

GAT
Asp

CGG
Arg
185

CTT

Leu

AGG
Arg

TTC
Phe

TCT
Ser

CIG
Leu
90

AGC
Ser

ARG
Lys

ARG
Lys

TAC
Tyr

TCC
Ser
170

ATA
Ile

TCC
Ser

AAC
Asn

TCC
Ser

TCC
Ser
250

ATG
Met

75
GGG
Gly

cIc
Leu

GAT
Asp

Gac
Asp
TGG
155
TGG
Trp

CCT
Pro

TGG
Trp

ATC
Ile

TTC
Phe
235

ACC
Thr

GCA
Ala

CAG
Gln

CTT
Leu

ccC
Pro

TTC
Phe
140

CTC
Leu

TCT
Ser

Glu

ACC
Thr

AGA
Axg
220

cCcC
Pro

cac

His

GCA

CTT
Leu

GGA.

Gly

AAT
Asn
125

TGG
Trp

TGG
Trp

GCT
Ala

CAG
Gln

CTC
Leu
205

CAC
His

ARC
Asn

CTT
Leu

cl oned |nt55

CGG GGA CaAA CTG
Ala Arg Gly Gln Leu

CcT
Ser

ACC
Thr
110

GCC
Ala

ATT
Ile

GCT
Ala

Glu

GAT
Asp
190
ACG
Thr

AGG

Arg

cca
Pro

GCC
Ala

GGA
Gly
95

CAG

Gln

ATC
Ile

GTT
Val

TCT
Ser

CCA
Pro
175

ACa
Thr

CAG
Gln

CIC
Leu

TCC
Ser

CAC
His
255

80

CAG
G;n

CTT
Leu

TTC
Phe

GGa
Gly

Glu
160

AAC
asn

CGa
Arg

GAC
Asp

cCcT
Pro

TCC
Ser
240

ccc
Pro

GTC
Vval

cCcT
Pro

CIG
Leu

Gac
Asp
145

GTG
val

CTC
Leu

ACT
Thr

CcCcT
Pxro

GCC
Ala
225

TAC
Tyr

TGT
Cys

GGA CCC ACT
Gly Pro Thr

CGT
Arg

cca
Pro

AGC
Ser
130

Lys

Ala

CAG
Gln

CTT
Leu

AGG
Arg
210

ACC
Thr

TGG
Trp

GGT
Gly

CTC
Leu

CAG
Gln
115

TTC
Phe

CTT
Leu

GCA
Ala

GTC
val

Glu
195

AGC
Ser

Gln

ACA
Thr

cCa
Pro

cTc
Leu
100

GGC
Gly

CAA
Gln

CAC
His

Gly

cCcr
Pro
180

GG
Trp

ccC
Pro

cCcrt
Pro

GTA
Val

GCT
Ala
260

TGC
Cys
85

CTT
Leu

AGG
Arg

CAC
His

TGC
Cys

ATT
Ile
165

GGA
Gly

AAC
Asn

Gly

CcCa
Pro

TAC
Tyr
245

CCA
Pro

CTC
Leu

GGG
Gly

ACC
Thr

CTG
Leu

cTC
Leu
150

CAG
Gln

cca
Pro

6
Ser

CAT
His

GCC
Ala
230

GCT
Ala

ccc
Pro

258

#ah@ggf(ggq D N 32,

354

402

450

498

546

594

642

690

738

786

834

882



driven by a synthetic |actose-inducible pronoter, such as Ps4, which has
the fol | oniK@9¥&Td&nce: 15 5 GACGTCTCATAATTTTTAAAAAATTCATTTREEKIISHETIAAA

- ATTCTTGATTAATATTCTCAATTGTGAGCGCTCACAATIFRTLCGAT 3'. (SEQ ID NO 34) 20 The
Ps4 pronoter is repressed by the | actose repressor (Lacl), the product of
the E.coli lacl gene. The pAMGL1-r-HUMEDF pl asm d was subsequently
transforned into an E coli K-12 strain containing the 25 [err] allele.

The [err] ottece t&t ackdtcattPRcitdhicAc tdActediacPéiBebetrwhi ch increasgs; the
expressi onpos allacder and results in a nmore stringent control of protein
expressi on fromt2ﬁ55 Ps4 prormter Therefore, in this strain, in the absence
of | actose X ressed %/%Lacl on the

Sl o on cerAsBhERR B oot &T@F%%ﬁﬁ&%c?%y@&m ECTGAGAGh ( heS P

pronoter i H&ﬁd ?GE{E f‘sd% Ghniti d.
The E. col;é C’F\dcn?gt ceI Tbgée tdﬁ?gcgfg?r% e 1I's deposited under ATEZ@%P

#69717, 35cme@1&cﬁ\l@\2ﬂﬁ&@bm8&:mi@ﬂz@:}mﬁncm tcd1estrail GREcEATAGXd 7 Was11
t ransf or ned WO 95/ 26746

PCT/ US95/ OBSCAGTCHAR AGGFANTCAT S TETIPACIET r AGATRATIRAAD CCRIPAGAREN @THas gr own 1164
according to the follow ng fernentation description. The E. coli

(2) INFORMATION FOR SEQ ID NO:29:

{1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 265 amino acids
(B) TYPE: amino acid
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:

Ser Pro Ala Pro Pro Ala Cys Asp Leu Arg Val Leu Ser Lys lLeu Leu
1 5 10 15

Arg Asp Ser His Val Leu His Ser Arg Leu Ser Gln Cys Pro Glu Val
20 25 30

His Pro Leu Pro Thr Pro Val Leu Leu Pro Ala Val Asp Phe Ser Leu
35 40 45

Gly Glu Trp Lys Thr Gln Met Glu Glu Thr Lys Ala Gln Asp Ile Leu
50° 55 60

Gly Ala Val Thr Leu Leu Leu Glu Gly Val Met Ala Ala Arg Gly Gln
65 70 75 80

Leu Gly Pro Thr Cys Leu Ser Ser Leu Leu Gly Gln Leu Ser Gly Gln
85 90 . 95

Val Arg Leu lLeu Leu Gly Ala Leu Gln Ser Leu Leu Gly Thr Gln Leu
100 105 110

Pro Pro Gln Gly Arg Thr Thr Ala His Lys Asp Pro Asn Ala Ile Phe
115 120 125

Leu Ser Phe Gln His Leu Leu Arg Gly Lys Asp Phe Trp Ile Val Gly
130 135 140

Asp Lys Leu His Cys Leu Ser Gln Asn Tyr Trp Leu Trp Ala Ser Glu
145 150 155 160

Val Ala Ala Gly Ile Gln Ser Gln Asp Ser Trp Ser Ala Glu Pro Asn
165 170 175



strain is inoculated into Luria broth and then incubated at 30[err]C for
approxinmately 12 hours. The cells are then 5 aseptically f ed into
a fermarﬂ’ﬂl”s%ﬁéf contains the batch nmedium (20 g/L yeast gé‘fl?fg%(ogﬁgdf g/ L
citric acid; 15 g/L [err]; 15 M DowZ®000; 5 g/L glucose; 1 g/L [err]; 5.5
m/L trace netals;” 5.5 m/L vitamns). The batch phase of the process
continues 10 until the culture reaches an optical density of 5.0 [err] 1.0
at 600 nm The fed-batch phase is then begun with the initiation of the
first foedaredianeéd @lygéto gbnicusearH 118 Ryol Gl weiGLh)asphehf @aeg rate i s

adj usted every 2 BBUrs per an estabdi shed schedul e.19Phe 15 initiation of
the second feed nedium (129 g/ L trx ticase peptaone; 258 g/ L yeast extract)
begi ns wherfetH ‘;C'u"f‘f Nig3 ?eera&'ﬂ%%?%n %ptsf’éa?“’d'é'ﬁ“si ¥ o E{‘.’f??@pat 600 nm The
second feed nediumis maintai ned at a constant Qw rate while the first
feed medidMrgOfdd BHE B1ORDE PAEl IeGt REy ASR I1EhRrd GHBPEXWY LEE el i Ng the entire
fermentati @oi s nmai ntai ned atsapproximtely 28 err]C. The culture is
mai nt ai ned at about pH 7 with the addition of acid and base as necessary.
The desftedhdi GoPreFroxdiie AP Atel Phe; SpRiBeaPrrodspyPrdfestSeRg t he agitation
and air??%put 25 and ox§yen-input rates 3% the fernmentor.2*wen the

opti cal Lt »C a T 83 _ iLion of the
third fgggq%d?hu%ﬁ’r%hﬁgi Md o éﬁ.‘*‘?’hﬁgﬁgfdﬂ‘f@e‘éﬁ‘%ﬁ?‘t}% Sﬁ?’éu | act 0se) is
introduced to the fermentor at a constant flow rate; addition of the first
30 feedysdyurmd 3lairyoohta Ruwedrlandlet he second feed nediumflow rate is
changed to a new @&fhstant rate. Thé®¥ernentation | asts approxi mately ten

hours after
(2) INFORMATION FOR SEQ ID NO:30:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:
GAGCTCACTA GTGTCGACCT GCAG _ 24
(2) INFORMATION FOR SEQ ID NO;31:
(1) SEQUENCE CHARACTERISTICS:
(2) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:31:
CTGCAGGTCG ACACTAGTGA GCTC 24
(2) INFORMATION FOR 'ZQ ID NO:32:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 80 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear



initiation hird feed medium At the end of the fernentation, the
culture isvgéuf‘}l/*kgﬁﬁtto 15 [err] 5[err]C The 35 cells are ha?%gﬁéﬁ’hw
centrifugation. The resulting paste tsl3fackaged and stored at < -60[err]C.
WD 95/ 26746 PCT/ US95/ 03776 -102-
Purification of reconbi nant MEDF produced in E. coli as described above was
carried out as follows. One thousand ei ght hundred granms of cell paste was
suspended in about 18 liters of 10 mM EDTA and passed 5 through a high
pressur e- honodehi MEEEGILEIBYREG0c . The broken cel |l suspension was
centrifuged and the pellet was resuspended in 10 liter of 10 mM EDTA. The
suspensi on was centrifuged and 200 g pellet was solubilized in 2 liter of
10 "M Tris, 8MGUgBbshneg JEscrEYEHORCNdsQf k660,39, "M DTT, 5 nM EDTA, pH 8.7.
This solution was slowy diluted into 200 liters of 10 mM CAPS, 3 M urea,
30% gl yCcerQICATEAMVIrCYSARARAARY, CATINIGAGAA ATGETANAKT METIGATIAG PhdTetreshsol ut igdn
was stirred slowy for 16 15 hr at roomtenperature and the pH was

adj ust ed tWTﬁé%ch%h@%Tﬁ%?}Tusted solution was clarified and applied t®%a 2
liter CM h E%%ﬁ‘ffqﬂu iJdbrated with 10 mM sodi um phosphate, 1.5 M
urea, 15%53Py%5er0 ) g%%gif%degaﬁ%g‘di ng, the colum was washed with 10 mM

sodi um 20 phogpheteuenth %erRXEMRAETIdyd 7. 2. MGDF was eluted with a gradient
of 0 to 0.5 M sodi yan aeNerd:des vh@enpddiszedi um

{B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: cDNA

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33:
CGATAAATTG TGAGCGCTCA CAATTGAGAA TATTAATCAA GAATTTTAGC ATTTGTCAAA 60
TGAATTTTTT AAARAATTATG AGACGT 86
(2) INFORMATION FOR SEQ ID NO:34:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 89 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: cDNA

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34:
GACGTCTCAT AATTTTTAAA AAATTCATIT GACARATGCT AAAATTCTTG ATTAATATTC 60

TCAATTGTGA GCGCTCACAA TTTATCGAT 89



phosphate, pH 7.2. The CM el uate was concentrated and buffer exchanged wth

rlrgnbmrvlafl(ew‘)% coﬁggﬁ: ﬁmmnﬂ“““mﬁlﬁ? aégugog %l Sglrjl %rpwmg?s{ur ea"E egff/vl th

cat hepsin C (500 to 1 fol&r 5at|o) for 90 m nutes at anbient tenperature.
The solution was then Ioaded to al.2liter SP 30 Hi gh Perfornmance

Sephar ose col unm egui e rqr\ﬁéodl um phosphate, 15% gl ycerol, pH
7.2. After Ioadlnﬁg%h~“ Wi T gradient of 0.1 to 0.25 M sodi um
chloride, 10 mM shdlt . 2. 35 WD 95/ 26746

PCT/ US95/ 037 gy am Os. - Alisfeaar fate was added to 0.6 Mto the eluate from
the SP H gh Performance colum. The eluate was | oaded to a 1.6 liter Phenyl
Toyopear!| colum equilibrated with 10 mM sodi um phosphate, 0.6 M ammoni um 5
sul fate, pH 7 2. The MCDF penhxma\mﬁmd:dmmpti@readham of 0.6 to O M
ammoni um sul od| ha Toyopear | '
el uate ma§ co cé%% r@ﬂ % %gfch%ﬁwgg Znahd%bgﬁggﬁgaﬁmﬁgcular wei-ght
cut 10 off dmmran@qaharmmsw |sybsstéablvof;epl—fﬂQr6 o HeWPLE 15 In
vivo, biol ogigahaPrpRidigs of r-HUMDF (E. coli 1-

2. A polypeptide éccording to Claim 1,
10 wherein said polypeptide comprises amino acids 22-172 of
FIG. 11.

3. A polypeptide according to Claim 2,
wherein said polypeptide comprises amino acids 22-195 of
15 FIG. 11.

4, A polypeptide according to Claim 3,
having the amino acid sequence of MGDF-2.

20 5. A polypeptide acéording.to Claim 1,
wherein said polypeptide comprises amino acids 22-353 of
FIG. 11.

6. A polypeptide according to Claim 5,
25 having the amino acid sequence of MGDF-1.

7. A polypeptide according to Claim 2, which
has an amino acid sequence of a member'selected from the
group consisting of MGDF-4, MGDF-5, MGDF-6, MGDF-7, and

30 MGDF-8.

8. A polypeptide according to Claim 1,
wherein said polypeptide comprises amino acids 22-184 of
FIG. 11.

35
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éﬁ?@g‘?‘ed as

sly for 5

15 -HUMEDF (E. coli 1-16
descri bed iYOEY2¢7d6 e 1«{1I|me!|) Immﬁngﬂuat ed in rodents for
efficacy. Normal, fenale Balbic m ce 20 where =S Yheusane
consecutive days with increasing doses of r-Hu X e;qégw@ed rom 15
ug/ kg/ day to 1500 ug/kg/day. Twenty four hours'iafter Ethe-l =pg-ection,

bl ood cell counts were neasured using an el&8tronic cell counter (Sysnex,
Baxter). A 25 linear incregse i pba&péﬁﬁiagnaﬁébﬁ&ghgﬂgﬁﬂcmaimMﬁJ1

| ogarithm cally increasin Rﬁoncentr tl ons of . the cytokine. ﬁlatelet counts
i ncreased to SOOW/F%JFeb%sﬁg’r P & RS TuGPREF ST Si APenPETRGREEm

O her bl ood cel | MparBy®t®tr sthee ne-teximiafuse thedenift.h this treatnent, 30 such
as white or red blood cell counts, or hematocrit. Platelets were harvested
fromrats injected subcutaneously with 300 ug/kg/day.r-HUMEDF (E. coli 1-
163) for 6 d&s and eval ual@d fBrpohereptide acerrdinedat £€3aim dyponse to
ADP. The data i ngh&al en tdita o RIpept iRieS donpPilse@2hrdndnhbBls apeigurseal ly

i ndi stinguishable fromplatelets fromcontrol animals in WO 95/ 26746
PCT/ US95/ 03776 -HB@: }haAnd ot thsiuicammiisSes &hgqsedarane eteh¥ft fhe to
t he pl atel et agothéetN-td¥ninuditdFeamrs al so evaluated for the ability to.
abrogate the thronbocytopenia associated with

LD

o b
St

10 ' 11. A polypeptide according to Claim 1,
wherein said polypeptide comprises amino acids 22-353 of
FIG. 11 and further comprises the sequence Met-Lys at
the N-terminus thereof.

15 12. A polypeptide according to Claim 1,
further comprising amino acids 1-21 of FIG. 1l.

13. An isolated polynucleotide encoding a
human MGDF polypeptide.

20 .
14. An isolated polynucleotide according to
Claim 13, which encodes a human MGDF polypeptide
according to any of Claims 1-12.
25 ' 15. An isolated polynucleotide according to
Claim 14, which is a DNA sequence.
16. A DNA sequence according to Claim 15,
which is a cDNA sequence.
30

17. A cDNA sequence according to Claim 16,
which has a sequence as shown in FIG 11 or 12.

18. A DNA vector comprising a DNA sequence
35 according to Claim 15.
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5 chenot her apy and/ or mumumlummm“ﬂgpl atin, a chenotherapeutic which
causes Phh 945kd44 N1 onb | hlilans, was used in trpélgu J£S.
Bal b/c m ce meréginjectéd Subtut™anéousiy with 1.25 ng carbop 5%%@92? t he
start of the study. After 24 hours, _nice were injected 10 daily with 100
ug/ kg/ day r - HUMCDR#EE T 1, r excipient, for the remainder of the

W oo SREET FHAS BEEN :
study. By Day 9, p&aﬁé$§ﬂ;§§ydh§ dropped _to roughly 15% of normal in
L7 LA AR RS - . . .
excipient-treated mce but _re €line levels in mce treated with
r- HUMGDF (see FIG 20).1Por The ysctprrafii@labn 38 uhessini szeldvaNa
subjected 10 3eghadte d9SpotablielpdnMled U n kigiliedlian CHRBLUT

s in

source). This_is a subl ethal dose ich res Yo reduct i on of

pl atel et counP¥Rp§eEH§NEE: Pl atel et counts do not return to normal val ues
until Day 21. Wen r- 20 HUMGEDF (E. coli 1-163) was adm ni stered once

daily (100G ug/ kg/day) tgairradiated mice fromDay 1 through Day 20, the
drop in pﬁ%telet countsaﬁas eégsgesg}g gﬁﬁbgkét¥éﬁiéﬁp?%9ﬁﬁéeline | evel s
nmore rapi d t htmansfectedavith v tPNAxssQiende @&cGrdiby. tbnCaadmr 160 t est
r-HUMGEDF in 25 a nodel of extrene and prol onged thronbocytopeni a,
carboplatin and irradi ation were applied in conbination (FIG 22). In this
ci rcunst ance, pl atel et édunt & BPSppeallocaeserding \to daiavadQ, wE.39 of

normal ), and empkedbesngasdiMEds dolybept il ¥nctdled e Bia BRa treatment.
However , g\é¢en these animals were treated daily with subcutaneous injections

of r-Hu a6/ kg/ day for the length of the study, thronbocytopenia
was significantly abrogated, the return to baseline counts was nore rapid,

and all of the r-HUMEDFybr eahefletnod for producing a human MGDF
polypeptide, said method cdmprising growing a host cell
according to Claim 21 in a suitable nutrient medium and
15 isolating said MGDF polypeptide from said cell or said
nutrient medium.

23. A method for producing a human MGDF
polypeptide according to Claim 22, wherein said host
20 cell is an E. coli cell.

24. A method for producing a human MGDF
polypeptide according to Claim 22, wherein said host
cell is a CHO cell.

25

25. An antibody reactive with a human MGDF
polypeptide according to any of Claims 1-12,

26. A monoclonal antibody according to
30 Claim 25. |

27. A recombinant antibody according to Claim
25,

35 28. A pharmaceutical composition comprising a
human MGDF polypeptide according to any of Claims 1-12

This Sheet Has Been Reﬂlaced




35 ani nal d;g%ﬁmésurvived. r-Hu S al so evaluated in ry St eys.
VN\?r 22{2%;1?% nonkeys mmu‘m%)tmmu@ y inj a EN 5 or1025

ug/ kg/ day for 10 days (Day °O- In the | ower et counts

I ncreased by 400% at Day 12 and in the higher id =33 : ncreased by
5 700% also at Day 12. After the injecti @3¢ stopped, platelet counts
returned to noriml abyobgt 2é&n 3¢ tWa tphdxmgareutd|daldgurtcseptdbded bl ood cel |

counts were nOtdﬁiLSﬁE?QaQ¥u$£ﬁ§ tseatiEBe, F - HUMGDF (E. coli 1-163) was

also tested in a 10 primte nodel of severe thronbocytopenia (FIG 23).
Ani mal s were subjected to irradiation (700 rads, Cobalt source) which

resulted in a reduction obopl ahebabrfadBhieitsl leafpditiindcddrdity o By
Day 35-40, atsget cgﬁnts returned to normal. In cantrast, the platelet 15
adrated

counts inir i PRI ATIFRNT RPIEIP Wi th r- HUMGDF (25 ug/ kg/ day)

dropped to only 10% of normal and on average did not go bel ow 20, 000/ ul ,

the tri int for platglet L9p$ ' 1
e trigger point for playgl et ol LANSEUSLOPTCLY LBROUDACKIPRANESuIRNS, The

return to baseline counts was SO0 nore rapi d
ani mal s, occurrFhgipy2®ayn 2byodthbkizedh fanm data from both rodent and
primate studies fully support the concept that r-HUMEF (E. coli 1-163) is
a potent therapeutic agent _with the , . .

10 31. A method for treating a patient having a
deficiency of a human MGDF polypeptide, which comprises
administering an effective amount of a human MGDF
polypeptide according to any of Claims 1-12 to said
patient.

15

32. A method for treating a patient having a
thrombocytopenic condition, which comprises
administering an effective amount of a human MGDF
polypeptide according to any of Claims 1-12 to said

20 patient.

33. A method according to Claim 32, wherein
said condition is selected from the group consisting of
aplastic anemia, idiopathic thrombocytopenia, and

25 thrombocytopenia resulting from drug or radiation
treatment.

34. A method for increasing the number of
mature megakaryocytes in a patient in need thereof,
30 which comprises administering to said patient an
effective amount of a human MGDF polypeptide according
to any of Claims 1-12,

35. A method for increasing the number of
35 platelets in a patient in need thereof, which comprises

— -
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capacity to significantly affect clinically relevant 25 thronbocytopeni as.

EXAMPLE d for CHO Cell Cultur Hu Welphosds/é 30

a ycosyl?!’?’e%%u MEDF 1-332 is produﬁmmnmllﬂﬂ‘ﬂHMt ed Chi r?gs’sliﬁ?l—?anster
Ovary cells exbneSSan=a=eBNA 1-332 ufldef a*suitable pronoter and
linked to a gené Ubaﬁﬁgdﬂﬂpthe;@ lifiable selection marker, 35 DHFR A
sui tabl e pronot gr forv‘e‘é!%pkess_on I\/GDE n CHO cells is SR[err] See Mol .
Cel|. Biol. 8 466-477°(1988)y= 957 %é
PCT/U895/0377de4EE§t%#KPgNSQIEE@3h6@£@E@91Pn affertivecaneuntrof oa

expr essi on OfnEER MeDEHKldst i BRSRANLL2 oS8Ry ErOR1 463631(1990).
Exenplary CHO cell |ines can produce secretéd MEDF in the range of 10-20
mg/L in standard 5 cell culture nmedia, but may be increased to 25 to > 100
ng/L. To produce MGDF wBt&h aahyWEDR!defivativee, camprilditice apamede expanded

DY (225220100 P VSRENS ALl 87Uy s B KES TN LBargheLsTL, o7
Eagl e' s Medi uak (Dhassy Qnﬁiw&nﬂn;SQE&b@BNEWﬂEmE; G bco) supplenmented with 5
to 10% Fetal Bovine Serum (FBS) or dial yzed fetal bovine serum and
met hotrexate (MIX) (if necessa;% tyg?ﬁc concentration of MIX is 200-600
NM to maintain selectidh- prB8sHERF Lvakeliye, of Claim 36, wherein

said MGDF polypeptide is selected from the group
10 consisting of MGDF-1, MGDF-2, MGDF-4, MGDF-11, MGDF-12,
MGDF-13, MGDF-14, and MGDF-15.

38. An MGDF derivative of Claim 36, wherein
said MGDF polypeptide is recombinantly produced in a
15 bacterial cell.

39. An MGDF derivative of Claim 36, wherein
said water soluble polymer is pharmaceutically
acceptable.

20

40. An MGDF derivative of Claim 36, wherein
said water soluble polymer is selected from the group
consisting of dextran, poly(N-vinyl-pyrrolidone),
polyethylene glycols, polypropylene glycol homopolymers,

25 polypropylene oxide/ethylene oxide co-polymers,
polyoxyethylated polyols, polyvinyl alcohols and
mixtures thereof.

41. An MGDF derivative of Claim 36, wherein
30 said water soluble polymer is a polyethylene glycol.

42, An MGDF derivative :z:zcording to Claim 41,
wherein said polyethylene glycol is a monomethoxy-
polyethylene glycol.

35
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15 should ene ' n-essential am no aci bEné)
and gl ut am"gg?glgél}g%)ensﬂ@mmmmmmmir\mropa ate readily bet \h;/eegﬁj(s ¢
i nocul ation (splitting) dersitied of 174 x [:rfm, Aéyrﬁ_ 3 xi mal :
densities of -1 x 106 cells/nL at which poinfl {Hh& %g;,: ;tﬁ%%%fé 0 expanded
by dilution into larger volunmes with initial tee Nyl s _at _ff he
specified splitting densities. To produce’NEbF in roller bottlTés, a
suitabl e vol une and cel | ul $3. debs | MGDBfdexkyatrisvemananding mesCligdm 41,
generated using .aidNein negnetd %)étxx(ya.@nlér yeBLNAgr agPachEdSebSspiaced in a
tenperature controlled environmeént (37 1[efr]C), or an_instrunented,

control | ed, sti MNQRE REWRARIEE O a8y 8C¥h ORoPPeplkBtt t&8k@E8ich as 850 cn?
Fal con roller bottles) should be seeded at initial densities of 1.5 to 3 x
[err] cells per bottle and, 30 u enent i t h additional _growth nedi um
(DVEM F12 wi Ph 5- 10% FBS, 4&' NEé&g‘EJn%ti ﬁ@%%m%?él$%%ﬂ%ﬂ
suitabl e to genexnmaitre @ cichfdesprenoep agicaydinigntd- 4ngtags €Cl3Om80D~-h2. per
bottle). The growth nedi um should be suitably buffered with sodi um

bi carbonate to a pHof 6.9 35 to 7.2 in equilibriumwth carbon di oxide at
a partial pressure of 60 t4590 Miregylasnd INGDPE RAUIVPRt iges acgordipg to

2\

95/ 26746 _ Claim 44, which has the amino acidP6d4qk/eRE&08F 78midé7- with
10@6CIIerr]/8|r and incubated on roller racks (-1 rpnm) at 37 [err] 1l[err]C
for 3-4 days? AT 14 A&l ér bottles shoul d be shifted to

serum free production
46. A pegylated MGDF polypeptide according to
Claim 45, wherein the polyethylene glycol group is
attached to the N-terminus thereof.

15
47. A pegylated MGDF polypeptide according to
Claim 46, wherein the polyethylene glycol group has an
average molecular weight of 10 to 50 kilodaltons.
20 48. A pegylated MGDF polypeptide according to
Claim 47, wherein said MGDF polypeptide is produced in
E. coli.

49, Monopegylated MGDF polypeptide having an
25 amino acid sequence according to any of Claims 1-12.

50. An MGDF derivative comprising an MGDF
polypeptide according to any of Claims 1-12 covalently
attached to two water soluble polymer molecules.

30
51. An MGDF derivative according to Claim 50,
wherein said water soluble polymer molecules are both
polyethylene glycols.
35 52. An MGDF derivative according to Claim 51,

wherein said MGDF polypeptide comprises amino acids 22

This Sheet Has Been Relplaced

RARRW




medi um by pouring or aspir di um 5 washing the bottles
with an {av%}s%%ac buf fer sua “mumuﬂmmm hosphat e Buff FJ%M.’?&
(D-PBS), - S per bottle ¢ hén 4ddfng” an approprlate vol une o

DVEM F12 (1:1) (200 - 300 nlL per bottle)
glutam ne and with copper sulfate to
mnimze covaledt agor:egald on (1- [ efri3kM) . Bottles should be gassed with
10% CJ err]/ ai r “are-i-nocubatet [err]: 1 days at 37 [err] 1 Con roller
Lafsks (() ~1lr }orrio glswaflhﬂ*metzamoi:}d: s%}ildl '\yidl)yétﬁes 1éhie\r/]guybb§sghueezenl §V6| to
elow 0.5 g/L_and/or t 15 1, W 6..G. ndi ti oned nedi um
shoul d be har 9¥§F%ﬁeb§}°g%€lﬁ$ﬁ %?légtpio%:tsloﬁé) F?orlﬁi;ﬁgaggf’fllsés and repl aced
with fresh, serumfree production medium as described above, for

addi ti onal harvests. ThP§.cad petbeddfontattacking|a svater mplwrger sustain

serumfree 20poP§ﬁQECE6°£‘n %@bﬁ'ﬁ&%}béﬂtﬁdg atc:'E:%xfci‘lhlg:;‘aK:ob%S(I gg. Harvested

condi ti oned nedium can be processed for purification % dead-end

microfiltrati8haiRsolgh?o. W{%’#‘F]ﬁﬂ%dﬁﬁe% splublel potymesr 8a8Sart ori us
Sartobran pH ginfakl reattitveraeraanrds tgzezﬁgsi Rdid method ¢obgrebithged to 25

- 4 C, then either stored tenpqgraril err C, .0 at el oncentrated
and dialyzed to low ionic st 38 gt ﬁ%ﬂgﬁﬁﬁ %Eég‘ #‘?%@Teﬁjr ")r/jr‘g? ation -
system (i.e. ﬁh.thronwm50$allllbl¢ mﬂ}meart |mm¢edma;ft|imer atlkydashonl d occur
at 4[err]fgto, profe d um shoul d
?ha E% er%}ﬂ %Eﬁeous SO u olr};%c:"gq’% @wﬁﬁﬂg

bi car bonat e- buf _
suppl enent ed wi tihy N%(sj.an,cg bred

be dialyzed w b&Dt assi um
phosphat e, p%aﬁ}nﬁrgﬁ?uPanh?WW%pﬂ'ﬁ%“jﬁmﬁ At &3ich M$PEps. Product
quality in coaénypeﬁeﬂda%%cméﬁve, and

(b) isolating said MGDF polypeptide

attached to at least one water soluble polymer.

15
54. A method for attaching a water soluble
polymer to an MGDF polypeptide according to any of
Claims 1-12, wherein said water' soluble polymer has a
single reactive ester group, said method comprising:
20 (a) contacting said MGDF polypeptide

with a water soluble polymer under conditions so that
said MGDF polypeptide becomes attached to the water
soluble polymer through an acyl linkage; and
(b) isolating an MGDF polypeptide
25 attached to at least one water soluble polymer.

55. A method of Claim 53 or 54, wherein said
polymer is pharmaceutically acceptable.

30 56. A method of Claim 53 or 54, wherein said
water soiuble polymer is selected from the group
consisting of dextran, poly(N-vinyl-pyrrolidone),
polyethylene glycols, polypropylene glycol homopolymers,
polypropylene oxide/ethylene oxide co-polymers,

35 polyoxyethylated polyols and polyvinyl alcohols.
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best nonitored using nﬂlm W‘!@ﬂw AGE Western blots 35 %?g
reveal theWoOA52674¢e a segat ed, nononeric, and pP 9? Iy
degraded MGDF in the’ MD 95/ 26746 -
PCT/ US95/ 03776 -108- sanpl es. Anot her net hodi fﬂr,b@,rh(pz@@q_m@s from CHO
cells would be to adapt a cell line expres¥rg N@FE;tLQ&§eru ree medi um
such as G bco S-SFMI1. Cells can be 5 adapted=by BESSEH gl ng in

medi um contai ning mni mal o NG $REUNeURPLITH! 83 bt §4ce¢,$e£én@ da1dound
to grow sustainably in such a nedium e produci ng adequat e anount's of
secreted MGDF, pRS€¥CSPIHDEENPR}TREEHPREYSIRIGIANF &Y Icul um culture via
serial 10 passaging in increasingly Iarger cul ture vol unes, then

i nocul ating a suitable prqoduction vessel i,nstrunent ed, con

stirred-tank bioreactor) g’%d al®t 5\ g’ﬁdt Ré EEPfﬁrégtggﬁfﬁ?‘?f%?h e l?ts
maxi mal vi abs e temseky abdet Bpandvabgutoveh conditions (pH, 15 nutri ents,

t enperature, oxygen, shear). At the optinmal production point (as

determ ned experimental |y by neasuring product quantity and quality) the
culture can be harvested 5%m #hoetshode st 62aimnd3t hehereis sakdbe renoved

fromthe CO”d't&QBEGtE%@'HTk?!aElSﬁoaoﬁ&f%fbég)1ﬂ¥5ﬂ6éfﬂﬂé'u§é<af or
sub-m cron cross-flow mcrofiltrati h fJItratlon I's used the

t
medi um shoul d b§°F&PPh€VaEP§PFPP¥Grg?es%% ?n£§QHF¥ﬂﬁu?
10

60. A method for attaching a polyethylene
glycol molecule to an MGDF polypeptide according to any
of Claims 1-12, wherein said polyethylene glycol
molecule has a single reactive aldehyde group, said

15 method comprising:

(a) contacting said MGDF polypeptide
with said polyethylene glycol molecule under reductive
alkylation conditions, at a pH sufficiently acidic to
allow the O~amino group at the amino terminus of said

20 MGDF polypeptide to be reactive; and

(b} obtaining a pegylated MGDF

polypeptide.

61. A method of Claim 60, wherein said
25 polyethylene glycol molecule has a molecular weight of 2
to 100 kilodaltons.

62. A pegylated MGDF polypeptide product
produced by the process of Claim 60.

30
63. A substantially homogeneous preparation
of an MGDF polypeptide according to any of Claims 1-12
monopegylated at the o—amino group at the N-terminus of
said MGDF polypeptide.
35
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filtration prior to concentration and d| iuﬁescribed above. 25 * * *

Wi le t I nvention has been des H uﬂ E Iy and
i n terngﬁ%ﬁg§?%¢erred enbodrnggg§==§£L ﬂ j *' g?ﬁg%|o @pand
nodi fications wll T | Ied in the art in light of the above
descri ption. Therefloggfu Q_%TIQR%%E ed that the appended clains cover all
such 35 varlatlons conLhd;mLL;ba=EE&§§ﬂ§9é of the invention as cl ained.

WD 95/ 26746 PCT/ US95/ 03776 - 109-
Addi tionally, the pUb|iGﬂtiOQSp&E@thBanHBfECi@iﬁ 63} ewhé¥eid |sHidate the
background of ent| apd in artlc es to e addi ti onal
details concephpﬁg gpﬁ?ﬁ@??c%s %ﬁ %%bﬁhpg&%g%%33 P&f er ence.
WD 95/ 26746 glycol having an average molecular weight of 5 toP&P/ US95/ 03776

- 110 - SEQUENGCE LLPILANG. (1) GENERAL | NFORMATION: (i) APPLICANT: Bartl ey,
Ti not hy D5

65. A pharmaceutical composition comprising a
pegylated MGDF pblypeptide according to any of Claims
41-49, 51 or 52 and a pharmaceutically acceptable
diluent, adjuvant or carrier.

10

66. A pharmaceutical composition comprising:
(a) a substantially homogeneous preparation of ‘
monopegylated MGDF polypeptide according to Claim 63,
said monopegylated MGDF polypeptide consisting of a

15 polyethylene glycol having a molecular weight of 5 to 50
kilodatons connected to an MGDF polypeptide solely at
the N-terminus thereof via an alkyl linkage; and (b) a
pharmaceutically acceptable diluent, adjuvant or
carrier.

20

67. A mono-pegylated MGDF polypeptide
comprising amino acids 22-184 of Figure 11.

68. A mono-pegylated MGDF polypeptide
25 according to Claim 67, wherein the polyethylene glycol
group is attached to the N-terminus of the polypeptide.

69. A mono-pegylated MGDF bblypeptide
according to Claim 68, wherein the polyethylene glycol
30 group has an average molecular weight of 2 to 100
kilodaltons.

70. A mono-pegylated MGDF polypeptide
according to Claim 67, 68 or 69, wherein the MGDF
35 polypeptide has been produced in E. coli.
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Bogenber ger., Jakob M ert A Hunt, Panel a Kins
Samal Babm?gn‘ﬁ Imﬁmwﬁ 05|t|ons and NE'%‘#F%@%’S&'?%
Stlnulatlng Megakar yo ffere =Ny -ER OF
SEQUENCES: 34 (iv) CORRESPONDENCE ADDRESS: NDBRES ,i Inc. (B)
STREET: 1840 Dehavilland Drive (C CTY: -fﬁ?{ FE:
California (E) COUNTRY: USA (F) ZIP: 91320-1789 (V) READABLE FORM

(1 1l e oo, o L Mg £l
- - at ent | n_ Rel eaSe ersi qn

(Vi) CURRENT APBEF%P%E?\T%Y‘E%E YR GEROR A RsERt d(eB)cqﬂ\HﬁﬁﬁenﬁATE (O

CLASS| FI CATI ON: afikhbi acds CRAEYS AGENTF 1 GEERMATT, Gitii dhA)meiiide cBuple i seaber

R (Q REErRENCE DT BB e 20 d ) L E U5 55013 1

(1) SEQUENCE Ct amno ac
: 5 glycol under conditions so that the MGDF polypeptide

becomes attached to the polyethylene glycol to obtain a
mono-pegylated MGDF polypeptide.

72. A method according to Claim 71, wherein
10 the polyethylene glycol is attached to the MGDF
polypeptide under reductive alkylation conditions at a
pH sufficiently acidic to allow the o-amino group at the

N-terminus of the MGDF polypeptide to be reactive.

15 73. A method according to Claim 71 or 72,
wherein the MGDF polypeptide is mono-pegylated with a
polyethylene glycol having an average molecular weight
of 2 to 100 kilodaltons.

20 - 74. A method according to Claim 73, wherein
the MGDF polypeptide is made by cleaving Met"z-Lys"l
from a polypeptide obtained by expression in an E. coli
cell of a DNA encoding a polypeptide comprising amino
acids 22-184 of Figure 11 and the sequence of Met-Lys at

25 the N-terminus thereof.

75. A method according to Claim 73, wherein
the MGDF polypeptide is made by:
a. expressing in an E. coli cell a DNA
30 encoding a polypeptide comprising amino acids 22-184 of
Figure 11 and the sequence of Met-Lys at the N-terminus
thereof, '
b. isolating the expressed polypeptide,
and |
35 c. cleaving Met~2-Lys~! from the
isolated polypeptide.
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MOLECULE TYPE: protein (xi) SEQUENCE Ala Pro Pro
Al a Xaa WOISR§M46 Arg Leu Leu Asn Lys ’ mm595’°3776 5

10 _ 15 WD 95/ 26746

PCT/ US95/ 3776 - 1 1nﬂ3§ﬁprﬁ’s VHL u H s Xaa Arg Leu Xaa G n Xaa Pro Asp
Ile Tyr 20 25, -138- "30 (2) | NFORVATI ON FOR SEQ
ID NGO 2: (i) SE . (A) LENGTH:, 21 anino acids (B) TYPE:
am no acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE
TYPE: protein (xi) SEQUENCE DESCRIPTION: SEQ ID N& 2: Ala Pro Pro Ala Xaa
Asp Pro Arg Leu Leu Asn76ys Mephawmmrgeuticgl composition compgising

10 2 FER SEQ | D
%JEN no-p (gixaﬁﬁéd GV olkfg:)pldliae Qc&@idik&%i&\h 68 SEQ

r 3. (i E ERI STI am no acids (B) TYPE:
gﬁiﬁo gg?ds FX§€Lutf%al ptaggIT diluent, ad?ﬁvant(o

5 carrier.

(B) TYPE: am no acid (C) STRANDEDNESS: sj 'wm& Iinear (i)

77. A pharmaceutlcal compos;tlon according to
Claim 76 in aqueous solution. :

10 78. A pharmaceutical composition according to
Claim 76 in lyophilized form.

79. A method for treating a patient having a
deficiency of a human MGDF polypeptiae, which comprises

15 _administering an effective amount of ‘a mono-pegylated
MGDF polypeptide eccording to Claim 69 to said patient.

. 80. A method for treating a patient having a
thrombocytopenic condition, which comprises
20 -administering an effective amount of a mono-pegylated
MGDF polypeptide according to Claim.69 to said patient.

81. A method according to Claim 80, wherein
said condition is selected from the group consisting of
25 aplastic anemia, idiopathic thrombocytopenia, and
thrombocytopenia resulting from drug or radiation
treatment. |

82. A method for increasing the number of
30 mature megakaryocytes in a patient in need thereof,
which comprises administering to said patient an
effective amount of a mono-pegylated MGDF polypeptide
according to Claim 69.

35 83. A method for increasing the number of
platelets in a patient in need thereof, which comprises
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(O STRAN ngl linear (ii) MOLECULE T X ein
(xi) SEQJE@%I PTI| Miﬁwﬂmﬂll Thr GI n Lys Qu An %}7@5&% An
Asp Val Leu Gy Ala Val

15 Leu (2) | NFORVATI ON FOR SEQ ID NO 4: (i) SEQUENEE=CH © (A
LENGTH: 17 base pairs (B) TYPE nucleic a‘di38-(C) §T¥&§ﬁ§ﬁﬁ8§ B@\hl e (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (xi) 9 QJEN(EE?H!)m PTION: SEQID
T? 4: %V@%Qmm\g@%rlng to said patient an effective amount of a

PCT/ US95/ 03776 -MOPLrPeIYIRYEdrHRRRTPONYPERE 380 REFRERLAT (19 BRiNE
CHARACTERI STICS: (A) LENGTH. 21 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: CDNA (Xxi)
SEQUENCE DESCRI PTI ON: SEQ | D NO 5: GCARTGYAAC ACRTGNGART C

21
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(2) | NF(RIV@TI SEQ ID NO 6: (i) SEQUENCE CHARACTERI STI GS: - GTH:
21 amno a |°dggl\lzfgﬁg?TYPE: am no acid (C) STRANDEDNESS: si ngl e%zr B?ﬁ%’@oevz
linear (ii) MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTION: SEQ I D NO 6:
Ala Pro Pro Ala Cys Asp Leu Arg Val Leu Ser Lys Leu Leu Arg Asp 1

5 10 15 Ser H's Val Leu H's 20 (2)

| NFORMATI ON FOR SEQ ID NO 7: (i )(}S?}E&E CHARACTERI STICS: (A) LENGTH 21
base pairs (B) TYPE: nucleic aci Cf® STRANDEDNESS: single (D) TOPOLOGY:
linear (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ I D NO 7:
GTACGCGTTC TAGANNNNNN T

21 WO 95/ 26746 - 113 - (2) INF TI ON FOR SEQ | D_NCG 8: E) SEQUENCE

CHARACTERI STICS: (A) LENGTH 21 b pairs (B&n &Bgf":hucl ei ggacid
Yo g% g ]
wjmd v 9 e-..“au -
cC uﬁgg [ 5
(o)) S o.
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(C) STRANDEDNESS: single (D) TOPOLOGY: |inear (ii) MOLECULE_TYPE: (xi)
SEQUENCE DFOES26M6ON: SEQ | D NO 8: AGT 7@@ GGACTCGGAG G pChtsosbstis.

21 (2) | NFORMATI ON FOR SEQ | D NO 9: (i%r QUENCE CHARACTERI STICS: (A
LENGTH: 30 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:. single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 9: TTCGGECCGGA TAGCCCTTTT TTTTTTTTTT

30 (2) | NFORVATION FOR SEQ I D NO 10: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH: 29 base pairs (B) TYPE nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 10: TTCGGCCGGA TAGGCCTTTT TTTTTTTTT

29 (2) I NFORMATION FOR SEQ ID NOI'l: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 20 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA

FIG. 2

250
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WD 95/ 26746 %@/ 03776
- 114 - (xMOBEGENCE DESCRI PTION: SEQ I D NO. 11: TaoccaccTec \e

20 (2) | NFORVATION FOR SEQ I D NO 12: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 23 base pairs (B) TYPE nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 12: GAGICCTCAG TAAACTGCTT CGT

23 (2) | NFORVATION FOR SEQ I D NG 1 :/(i))SSEQJENCE CHARACTERI STICS: (A
LENGTH: 20 base pairs (B) TYPE: nucleiC acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 13: GGAGTCACGA AGCAGITTAC

20 (2) | NFORVATION FOR SEQ I D NO 14: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 18 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single

FIG. 3
10000
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(D) TOPOLQGY: linear (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE ;
SEQ | D NO Y2958 TACTTC TAGGCCTG 4/ PeTSS03E N
18 WD 95/ 26746 - 115 - (2) | NFORVATI &9 FOR SEQ I D NO 15: (i) SEQUENCE
CHARACTERI STICS: (A) LENGTH: 19 base pairs (B) TYPE: nucleic acid (C
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (xi)
SEQUENCE DESCRI PTI ON: SEQ | D NO 15: GAGGICACAA GCAGGAGGA

19 (2) I NFORVATION FOR SEQ I D NO 16: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 19 base pairs (B) TYPE nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 16: GGCATAGICC GGGACGTCG

19 (2) I NFORVATION FOR SEQ I D NO 17: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 19 base pairs ,

>
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(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii)
MOLECULE TYPE cDNA (xi) SEQUENCE DESCRLETI ON: SEQ I D NO 17;

TGTGACCTCWVO 9572 o Fer

| NFORMATI ON FO? SEQ I D NO 18: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 19
base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY:
l'inear (ii) MOLECULE TYPE: cDNA WD 95/ 26746 -

PCT/ US95/ 03776 - 116 - (xi) SEQUENCE PEF@I Pﬁ@: SEQ I D NO 18: CCAGGAAGGA
TTCAGGCGA 19 (2)

| NFORVATI ON FOR SEQ I D NO 19: (i) SEQUENCE CHARACTERI SE@Q LENGTxl-tpéo

base pairs (EQ.OWPE: nucl eic acid (C) STRANDEDNESS: si TOPOL
linear (ii) MOLEQULE TYPE: CDNA (xi) SECHENCE DESCRIPFION: SEQ I B™NO 1
CAACAAGTCG ,ACCGCJAGCC  AGACACCCCG '322'0" ) R 30
(2) 1 NFORMarTl ON HOR SEQ | DfNC: 20: /
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(1) SEQUENCE CHARACTERI STICS: (A) LENGTH:. 24 base pairs (B) TYPE: nucleic
acid (C) STHAMNMMESS: single (D TOP © linear (ii) MOLEREYESHABES cDNA
(xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 20 TAG GCCACTCNNN NNNT

24 (2) | NFORVATION FOR SEQ I D NO 21: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 21 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ ID
NO 21: GCARTGYAAN ACRTGNGART C .

21 WD 95/ 26746 - 117 - (2) | NFORVATION FOR SEQ I D NO 22: (i) SEQUENCE
CHARACTERI STICS: (A) LENGIH. 16 base pairs (B) TYPE: nucleic acid (C
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NG 22:

FIG. 6
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TTGGTGTGCA ngGTG _ 16
(2) | NFORVA QIN26H48 SEQ ID NO 23: (i) S %NCE CHARACTERI STI @ST/GSA5/037PGT H;
20 base pairs (B) TYPE: nucleic acid (C? RANDEDNESS: single (D) TOPOLOGY:
linear (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ I D NO 23:
CACAAGTGCA CACCAACCCC 20
(2) I NFORVATION FOR SEQ I D NG 24: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
1342 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (ix) FEATURE: (A) NAMVE/ KEY: CDS
(B) LOCATION: 99..1094 (xi) SEQUENCE DESCRI PTION: SEQ | D NO 24: CAGGGAGCCA

CGCCAGCCAA GACACCCCGG CCAGAATGGA GCTGACTGAA TTGCTCCTCG 60 TGGTCATGCT
TCTCCTAACT GCAAGGCTAA CGCTGICC AGC CCG GCT CCT CCTr 113 Ser Pro Ala
Pro Pro 1 5 WD 95/ 26746

PCT/ US95/ 03776 - 118 -

FIG. 7
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GCT TGI GAC_CTC CGA GIC CTC AGI AAA CTG CTT CGI' GAC TCC CAT GIC _

161 Ala CysWRIF26%6 Arg Val Leu Ser L&)é%u Leu Arg Asp Ser PFE/U§8§/0377$

15 20 CTT CAC AGC A G AGC CAG TGC CCA GAG GIT CAC CcCT
TTG CCT ACA 209 Leu His Ser Arg Leu Ser A n Cys Pro Au Val H's
Pro Leu Pro Thr 25 30 35 CCT GIC CTG
CTG CCT CGCT GIG GAC TTT AGC TTG GGA GAA TGG AAA ACC 257 Pro Val
Leu Leu Pro Ala Val Asp Phe Ser Leu Ay GQu Trp Lys Thr 40

45 50 CAG ATG GAG GAG ACC AAG GCA CAG GAC ATT CTG GGA GCA
GIG ACC CTT 305 An Mt Au Gu Thr Lys Ala G n Asp Ile Leu Ay
Ala Val Thr Leu 55 60 65 CTG CTG GAG
GGA GIG ATG GCA GCA CGG GGA CAA CTG GGA CCC ACT TGC 353 Leu Leu
Gu @y Val Met Ala Ala Arg Ay G n Leu Ay Pro Thr Cys 70

75 80 85 CTC TCA TCC CTC CTG GGG CAG
CTT TCT GGA CAG GIC CGI' CTC CTC CTIT 401 Leu Ser Ser Leu Leu Ay
G@n Leu Ser Ay An Val Arg Leu Leu Leu 90 95

100 GGG GCC CTG CAG AGC CTC CTT GGA ACC CAG CTT CCT CCA CAG GEC AGG

449 Gy Ala Leu G n Ser Leu Leu Gy Thr dn Leu Pro Pro Gn Gy Arg 105

110 115 ACC ACA GCT CAC AAG GAT CCC AAT GCC ATC TTC CTG
AGC TTC CAA CAC 497 Thr Thr ?J_-alés 8/3 Asp Pro Asn Ala |l e Phe
Leu Ser Phe A n H's 120 i\ 130 CTG CTC
CGA GGA AAG GIG CGTI' TTC CTG ATG CTT GIA GGA GGG TCC ACC 545 Leu
Leu Arg Ay Lys Val Arg Phe Leu Met Leu Val Ay Ay Ser Thr 135
140~ CTC TCC GTC AGS CCA—CCC—ACCACA GIc
CCC AGC AGA ACC 4593 Leu Cys Val Arg Arlg Al aClloNOmebeébs Thr Al a
Val Pro Ser Arg Thr 150 155 160
165 50
&
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TCT CTA GIC CTC ACA CTG AAC GAG CTC CCA AAC AGG ACT TCT GA T
641 Ser LeWOP32614y Thr Leu Asn G u Leu Pro Asn Arg Thr Ser P@Q"%ﬁ’"i‘io

175 180 TTG GAG ACA AAC TTC ACT GCC TCA GCC AGA ACT ACT
GCC TCT GG CTT 689 Leu A u Thr Asn Phe Thr Ala Ser Ala Arg Thr
Thr Gy Ser Ay Leu 185 190 195 CTG AAG
TGG CAG CAG GGA TTC AGA GCC AAG ATT CCT GGTI CTG CTG AAC 737 Leu
Lys Trp Gdn G n Ay Phe Arg Ala Lys IQefRR8 Gy Leu Leu Asn 200

205 210 CAA ACC TCC AGG TCC CTG GAC CAA ATC CCC GGA TAC
CTG AAC AGG ATA 785 A@n Thr Ser Arg Ser Leu Asp An lle Pro Gy
Tyr Leu Asn Arg lle 215 220 225 WO
95/ 26746 PCT/ US95/ 03776 -

119 - CAC GAA CTC TTG AAT GGA ACT CGTI GGA CTC TTT CCT GGA CCC TCA CGC
833 His Qu Leu Leu Asn Gy Thr Arg Ay Leu Phe Pro Ay Pro Ser Arg 230

235 240 245 AGG ACC CTA GGA GCC CCG GAC
ATT TCC TCA GGA ACA TCA GAC ACA GcC 881 Arg Thr Leu Gy Ala Pro
Asp Ile Ser Ser Gy Thr Ser Asp Thr Gy 250 255
260 TCC CTG CCA CCC AAC CTC CAG cct TCL CCT TCC CCA ACC CAT
929 Ser Leu Pro Pro Asn Leu dn Pro G SeyyPro Ser Pro Thr Hi's 265
270 275 CCT CCT ACT GGA CAG TAT ACG CTC TTC CCT CTT CCA
CCC ACC TTG CCC 977 Pro Pro Thr Ay @n Tyr Thr Leu Phe Pro Leu
Pro Pro Thr Leu Pro 2@5b 235 290—A§C CCT
GTGGTCCAGCTCCACCCCGGCTTCCTGACCCTTCTGCTCCA 1025
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Thr Pro Val Val @n Leu H's Pro Leu Leu Pro Asp Pro Ser Naﬁg&%@r
300 W0 95126746 305 ACG CCC ACC CCT ACC AGC CCT CTT CTA e
TAC ACC CAC TCC 1073 Thr Pro Thr Pro Thr Ser Pro Leu Leu Asn Thr
Ser Tyr Thr H's Ser 310 315 320

325 CAG AAT CTG TCT CAG GAA GGG TAAGGITCTC AGACACTGCC GACATCAGCA

1124 A n Asn Leu Ser An Qu Ay 330 TTGICTCGTG TACAGCTCCC TTCCCTGCAG
GGCGCCCCTG GGAGACAACT GGACAAGATT %)%84 T ACTTTC TCCTGAAACC CAAAGCCCTG
GTAAAAGGGA TACACAGGAC TGAAAAGGGA 1 4a 2 TTTTTC ACTGTACATT ATAAACCTTC
AGAAGCTATT TTTTTAAGCT ATCAGCAATA 1304 CTCATCAGAG CAGCTAGCTC TTTGGTCTAT
TTTCTGCA 1342 (2) | NFORMATION FOR SEQ ID

NO 25: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 332 anmino acids (B) TYPE:
amno acid (D) TOPOLOGY: linear (ii) MOLECULE TYPE: protein (xi) SEQUENCE
DESCRI PTION: SEQ I D NO 25: Ser Pro Ala Pro Pro Ala Cys Asp Leu Arg Val Leu

Ser Lys Leu Leu 1 5 10 15
Arg Asp Ser H's Val Leu His Ser Arg Leu Ser Adn Cys Pro Gu Val 20
25 30 Hs Pro Leu Pro Thr Pro Val Leu Leu Pro Ala Val Asp
Phe Ser Lou 35 40 45 WO 95/ 26746
PCT/ US95/ 03776 - 120- FlG |O
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Gly Gu Trp 0ys Thr A n Mt Gu Gu Thr Lys Ala Gn Asp Ile Leu 50
95126746 60 Gy Ala Val Thr Leu Leu Leu Qu dy VPEI/USBIOIFG Al a

Arg Gy Gn 65 70 75

80 Leu Gy Pro Thr Cys Leu Ser Ser Leu Leu Ay An Leu Ser Ay Gn 85

90 95 val Arg Leg Leu Leu Gy Ala Leu A n Ser Leu Leu Ay
Thr G n Leu 100 28 110 Pro Pro @ n dy
Arg Thr Thr Ala His Lys Asp Pro Asn AIa Il e Phe 115 120
125 Leu Ser Phe A n H's Leu Leu Arg y.Lys Val Arg Phe Leu Met Leu 130

135 140 . Val dy Sel Fﬁk Leu Cys Val Arg Arg Ala Pro
Pro Thr Thr Al a 145 15 155

160 Val Pro Ser Arg Thr Ser Leu Val Leu Thr Leu Asn Gu Leu Pro Asn 165

Ser Ala A glTnicAGsGACERdclthncitaciitoddthanRiadidbrbAb ey chin Rl A'§§r

Ay Leu LeulLys Trp @n GI n a y Phe Arg Al a Lyye\:(ﬁléll:_gg\g‘hrGluLeuLeuLeu

200 205 g Leu Asn G n Thr Ser Ser Leu

Anille Préd G@TG@@@ATGCTTCTCCTAA TGCAAGQ@';AACGCTGTCCAGCCCGGCTC TT¢Buy Agﬁ
Arg |le H s9dValVaiMebleyisulenJhnriaAsgheuThr LleuGerfry PZRBlaProProAlaCys 28
230 235 240 Pro Ay Pro Ser Arg Arg Thr

Leu Gy Altad PrGACRTECGAGTCRICASTAAXE TECTFSGTGACTCCCATGTCCTTCACREIAGACTGAGC 179

255 Thr SeR9AxspleuAthValiauSkelysliculBuArdiapSetHis¥alleutisborAbgletser 26Q8
265 270 Pro Ser Pro Thr Hs Pro Pro Thr Ay @ n Tyr Thr

Leu Phe Prg(LetAGRGBCCAGAGGTTCACCCTTTGCCRREGACCTGTCCTGCTGCCTGCTCRRACTTTAGC 239
49 GlnCysProGluValHisProlLeuProThrProVallLeuleuProAlaValAspPheSer 68

240 TTGGGAGAATGGAAAACCCAGATGGAGGAGACCAAGGCACAGGACATTCTGGGAGCAGTG 299
69 LeuGlyGluTrpLysThrGlnMetGluGluThrLysAlaGlnAsplleLeuGlyAlaval 88

300 ACCCTTCTGCTGGAGGGAGTGATGGCAGCACGGGGACAACTGGGACCCACTTGCCTCTCA 359
89 ThrLeuLeuLeuGluGlyValMetAlaAlaArgGlyGlnLeuGlyProThrCysleuSer 108

360 TCCCTCCTGGGGCAGCTTTCTGGACAGGTCCGTCTCCTCCTTGGGGCCCTGCAGAGCCTC 419
109 SerLeuLeuGlyGlnLeuSerGlyGlnValArgLeuLeuleuGlyAlaLeuGlnSerLeu 128

420 CTTGGAACCCAGCTTCCTCCACAGGGCAGGACCACAGCTCACAAGGATCCCAATGCCATC 479
129 LeuGlyThrGlnLeuProProGlnGlyArgThrThrAlaHisLysAspProAsnAlalle 148

480 TTCCTGAGCTTCCAACACCTGCTCCGAGGAAAGGTGCGTTTCCTGATGCTTGTAGGAGGG 539
149 PheLeuSerPheGlnHisLeuLeuArgGlyLysValArgPheLeuMetLeuvalGlyGly 168

540 TCCACCCTCTGCGTCAGGCGGGCCCCACCCACCACAGCTGTCCCCAGCAGAACCTCTCTA 599
169 SerThrLeuCysValArgArgAlaProProThrThrAlaValProSerArgThrSerLeu 188

600 GTCCTCACACTGAACGAGCTCCCAAACAGGACTTCTGGATTGTTGGAGACAAACTTCACT 659
189 ValleuThrLeuAsnGluLeuProAsnArgThrSerGlyLeuLeuGluThrAsnPheThr 208

660 GCCTCAGCCAGAACTACTGGCTCTGGGCTTCTGAAGTGGCAGCAGGGATTCAGAGCCAAG 719
209 AlaSerAlaArgThrThrGlySerGlyLeuLeulysTrpGlnGlnGlyPheArgAlaLlys 228

720 ATTCCTGGTCTGCTGAACCAAACCTCCAGGTCCCTGGACCAAATCCCCGGATACCTGAAC 779
229 IleProGlyLeuLeuAsnGlnThrSerArgSerLeuAspGlnIlleProGlyTyrLeuAsn 248

780 AGGATACACGAACTCTTGAATGGAACTCGTGGACTCTTTCCTGGACCCTCACGCAGGACC 839
249 ArgIleHisGluLeuLeuAsnGlyThrArgGlyLeuPheProGlyProSerArgArgThr 268

840 CTAGGAGCCCCGGACATTTCCTCAGGAACATCAGACACAGGCTCCCTGCCACCCAACCTC 899
269 LeuGlyAlaProAsplleSerSerGlyThrSerAspThrGlySerLeuProProAsnleu 288



Pro Pro Thrylefidneidg Thr Pro Val Val Gn Leu H's Pro Leu Leu Ricqn#d8e3776

295 300 Asp Pro Ser AlgM@go Thr Pro Thr Pro Thr Ser Pro
Leu Leu Asn Thr 305 310 315

320 Ser Tyr Thr H's Ser A n Asn Leu Ser Gn Gu Ay 325

330 WO 95/ 26746

PCT/ US95/ 03776 - 121 - (2) | NFORVATION FOR SEQ I D NG 26: (i) SEQUENCE
CHARACTERI STICS: (A) LENGTH. 1342 base pairs (B) TYPE: nucleic acid (C
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (i x)
FEATURE: (A) NAMVE/ KEY: CDS (B) LOCATI ON: 99..621 (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 26: CAGGGAGCCA CGCCAGCCAA GACACCCCGG CCAGAATGGA GCTGACTGAA
TTGCTCCTCG 60 TGGTCATGCT TCTCCTAACT GCAAGGCTAA CGCTGICC AGC CCG GCT
CCT CCT 113 Ser Pro Ala Pro Pro 1 _ 5 GCT TGTI GAC
CTC CGA GIC CTC AGT AAA CTG CTIT CGI' GAC TCC CAT GIC 161 Ala Cys
Asp Leu Arg Val Leu Ser Lys Leu Leu &% H s Val

15 20 CTT CAC AGC CAG TGC CCA GAG GIT CAC CCT
TTG CCT ACA 209

900 CAGCCTGGATATTCTCCTTCCCCAACCCATCCTCCTACTGGACAGTATACGCTCTTCCCT 959
289 GlnProGlyTyrSerProSerProThrHisProProThrGlyGinTyrThrLeuPhePro 308

960 CTTCCACCCACCTTGCCCACCCCTGTGGTCCAGCTCCACCCCCTGCTTCCTGACCCTTCT 1019
309 LeuProProThrLeuProThrProValValGinLeuHisProLeuLeuProAspProSer 328

1020 GCTCCAACGCCCACCCCTACCAGCCCTCTTCTAAACACATCCTACACCCACTCCCAGAAT 1079
329 AlaProThrProThrProThrSerProLeuLeuAsnThrSerTyrThrHisSerGlnAsn 348

1080 CTGTCTCAGGAAGGGTAAGGTTCTCAGACACTGCCGACATCAGCATTGTCTCGTGTACAG 1139
349 LeuSerGinGluGlyEnd 353
1140 CTCCCTTCCCTGCAGGGCGCCCCTGGGAGACAACTGGACAAGATTTCCTACTTTCTCCTG 1199
1200 AAACCCAAAGCCCTGGTAAAAGGGATACACAGGACTGAAAAGGGAATCATTTTTCACTGT 1259
1260 ACATTATAAACCTTCAGAAGCTATTTTTTTAAGCTATCAGCAATACTCATCAGAGCAGCT 1319

1320 AGCTCTTTGGTCTATTTTCTGCA 1342



Leu Hi s Seﬂvﬂagzayﬂ" Ser An Cs Pro Au Val Hs Pro Leu Pro Thr 25 .

30 35 CCT GIC CTG CTG CCT GCT GIG GAC TTT BEAUSIBTEGA Gaa
TGG AAA ACC 257 Pro Val Leu Leu Pro Ala Val Asp Phe Ser Leu Gy
Gu Trp Lys Thr 40 45 50 CAG ATG GAG GAG
ACC AAG GCA CAG GAC ATT CTG GGA CCA GIG ACC CIT 305 A n Met Qu
GQu Thr Lys Ala dn Asp Ile Leucgy%&azﬁl Thr Lou 55 60
65 CTG CTG GAG GGA GIG ATG GCA CAA CTG GGA CCC ACT TGC

353 Leu Leu Au Gy Val Met Ala Ala Arg Gy Gn Lou Ay Pro Thr Cys 70

75 80 85 CTC TCA TCC CTC CTG GGG CAG
CTT TCT GGA CAG GIC CGT CTC CTC CTT 401 Leu Ser Ser Lou Leu Gy
G@n Leu Ser Ay dn Val Arg Lou LeLFT_ 90 95

100 GGG GCC CTG CAG AGC CTC CTT GGA ACC CA T CCT CCA CAG GGC AGG

449 Gy Ala Leu Gn Ser Leu Leu Gy Thr dn Leu Pro Pro Gn Gy Arg 105

110 115 ACC ACA CCT CAC AAG GAT CCC AAT GCC ATC TTC CTG
AGC TTC CAAL CAGGGAGCCACGCCAGZCABACATOCCAGECAGIMATGGAGCRGAOPCAATEGCTUCICOTE PH
Leu Ser Phe An H s 120 125 MetGluLeuThrGluLeuLeld@uval WO 9

95/ 26746 ' PCT/ US95/ 03776 -
122 - TG (L QIABCETAATCCPRAACRSTAAGECTAACEALPCCAGCETGECECATEERECI@CTOAE 120

545 Leu Leup Ang)Me¥LéySeWRuTAFAL Lbﬁ?hf@usle%ei@éoA@aYr@f’oﬁ%ng@B@9
140 145 CTC TGC GIC AGG CGG GCC CCA CCC ACC A GIC

CCC AGC A%Afé%cCGAGTCCT&%%Ahﬁébééﬁf&%@f&d&@ﬁ&ﬁdﬁbﬂﬁi&ﬁm&&cA' 3 gyal

ProSer Arg hrLeuArgVa1LeuSerLysLeuLeuArgAspSerHisValLeuHisSerArgLeuSerGln 49

181 TGCCCAGAGGTTCACCCTTTGCCTACACCTGTCCTGCTGCCTGCTGTGGACTTTAGCTTG 240
50 CysProGluValHisProLeuProThrProValLeuLeuProAlaValAspPheSerLeu 69

241 GGAGAATGGAAAACCCAGATGGAGGAGACCAAGGCACAGGACATTCTGGGAGCAGTGACC 300
70 GlyGluTrpLysThrGlnMetGluGluThrLysAlaGlnAspIlleLeuGlyAlavalThr 89

301 CTTCTGCTGGAGGGAGTGATGGCAGCACGGGGACAACTGGGACCCACTTGCCTCTCATCC 360
90 LeuLeuLeuGluGlyValMetAlaAlaArgGlyGlnLeuGlyProThrCysLeuSerSer 109

361 CTCCTGGGGCAGCTTTCTGGACAGGTCCGTCTCCTCCTTGGGGCCCTGCAGAGCCTCCTT 420
110 LeuLeuGlyGlnLeuSerGlyGlnValArgLeuLeuleuGlyAlaLeuGlnSerLeuLeu 129

421 GGAACCCAGCTTCCTCCACAGGGCAGGACCACAGCTCACAAGGATCCCAATGCCATCTTC 480
130 GlyThrGlnLeuProProGlnGlyArgThrThrAlaHisLysAspProAsnAlallePhe 149

481 CTGAGCTTCCAACACCTGCTCCGAGGAAAGGACTTCTGGATTGTTGGAGACAAACTTCAC 540
150 LeuSerPheGlnHisLeuLeuArgGlyLysAspPheTrplleValGlyAspLysLeuHis 169

541 TGCCTCAGCCAGAACTACTGGCTCTGGGCTTCTGAAGTGGCAGCAGGGATTCAGAGCCAA 600
170 CysLeuSerGlnAsnTyrTrpLeuTrpAlaSerGluValAlaAlaGlyIleGlnSerGln 189

601 GATTCCTGGTCTGCTGAACCAAACCTCCAGGTCCCTGGACCAAATCCCCGGATACCTGAA 660
190 AspSerTrpSerAlaGluProAsnLeuGlnValProGlyProAsnProArglleProGiu 209

661 CAGGATACACGAACTCTTGAATGGAACTCGTGGACTCTTTCCTGGACCCTCACGCAGGAC 720
210 GlnAspThrArgThrLeuGluTrpAsnSerTrpThrLeuSerTrpThrLeuThrGlnAsp 229

721 CCTAGGAGCCCCGGACATTTCCTCAGGAACATCAGACACAGGCTCCCTGCCACCCAACCT 780
230 ProArgSerProGlyHisPheLeuArgAsnIleArgHisArgLeuProAlaThrGlnPro 249

781 CCAGCCTGGATATTCTCCTTCCCCAACCCATCCTCCTACTGGACAGTATACGCTCTTCCC 840
250 ProAlaTrpllePheSerPheProAsnProSerSerTyrTrpThrValTyrAlaLeuPro 269



150 155 160 . A
GTC CTC ACAYePE2HAE GAG CTC C CAAACAGGAC TTCTGGATTG Pc}%%a%%%gmu
Val Leu Thr Leu Asn @ u Lou 170 TTGGAGACAA ACTTCACTGC CTCAGCCAGA ACTACTGGCT

CTGGCECTTCT GAAGTGGCAG 701 CAGGGATTCA GAGCCAAGAT TCCTGGICTG CTGAACCAAA
CCTCCAGGTC CCTGGACCAA 761 ATCCCCGGAT ACCTGAACAG GATACACGAA CTCTTGAATG
GAACTCGTGG ACTCTTTCCT 821 GGACCCTCAC GCAGGACCCT AGGAGCCCCG GACATTTCCT
CAGGAACATC AGACACAGEC 881 I}@ CCAACCTCCA GCCTGGATAT TCTCCTTCCC
CAACCCATCC TCCTACTGEA 941 A TCTTCCCTCT TCCACCCACC TTGCCCACCC

CTGTGGICCA GCTCCACCCC 1001 CTGCTTCCTG ACCCTTCTGC TCCAACGCCC ACCCCTACCA
GCCCTCTTCT AAACACATCC 1061 TACACCCACT CCCAGAATCT GICTCAGGAA GGGTAAGGTT
CTCAGACACT GCCGACATCA 1121 GCATTGICTC GIGTACAGCT CCCTTCCCTG CAGGEECGCCC
CTGGGAGACA ACTGGACAAG 1181 ATTTCCTACT TTCTCCTGAA ACCCAAAGCC CTGGTAAAAG
GGATACACAG GACTGAAAAG 1241 GGAATCATTT TTCACTGTAC ATTATAAACC TTCAGAAGCT
ATTTTTTTAA GCTATCAGCA 1301 ATACTCATCA GAGCAGCTAG CTCTTTGGIC TATTTTCTGC A
1342 (2) I NFORVATION FOR SEQ I D NO 27: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH: 174 ami no acids (B) TYPELFmEJg a( D) TOPOLOGY: linear (ii)
MOLECULE TYPE: protein (xi) SEQUEN ION: SEQ ID NG 27: Ser Pro Al a
Pro Pro Ala Cys Asp Leu Arg Val Leu Ser Lys Leu Lou 5 10
15 Arg Asp Ser His Val Leu His Ser Arg Leu Ser Adn Cys Pro Gu Val 20

25 30 Hs Pro Leu Pro Thr Pro Val Leu Leu Pro Ala Val Asp

Phe Ser Lou 35 40 45
841 TCTTCCACCCACCTTGCCCACCCCTGTGGTCCAGCTCCACCCCCTGCTTCCTGACCCTTC 900
270 SerSerThrHisLeuAlaHisProCysGlyProAlaProProProAlaSerEnd 289

901 TGCTCCAACGCCCACCCCTACCAGCCCTCTTCTAAACACATCCTACACCCACTCCCAGAA 960
961 TCTGTCTCAGGAAGGGTAAGGTTCTCAGACACTGCCGACATCAGCATTGTCTCGTGTACA 1020
1021 GCTCCCTTCCCTGCAGGGCGCCCCTGGGAGACAACTGGACAAGATTTCCTACTTTCTCCT 1080
1081 GAAACCCAAAGCCCTGGTAAAAGGGATACACAGGACTGAAAAGGGAATCATTTTTCACTG 1140
1141 TACATTATAAACCTTCAGAAGCTA 1164



WO 95/ 26746 PCT/ US95/ 03776
- 123 - A V26146 Lys Thr Gn Met Au Au Thr Lys Al a G n BSHU§SEO3TEy 50

55 60 Ay Ala Val Thr Leu Leu Leu Qu Gy Val Met Ala Ala
Arg Gy dn 65 70 75

80 Leu Gy Pro Thr Cys Leu Ser Ser Leu Leu Ay A@n Leu Ser Ay dn 85

90 95 Vval Arg Leu Leu Leu Gy Ala Leu @ n Ser Leu Leu Ay
Thr G n Leu 100 A/z 110 Pro Pro G n dy
Arg Thr Thr Ala His Lys Asp Pro Asn a I§e Phe 115 120

125 Leu Ser Phe A n H's Leu Leu Arg Ay Lys Val Arg Phe Leu Met Leu 130
135 140 Val dy Ay Ser Thr Leu Cys Val Arg Arg Ala Pro

Pro Thr Thr Ala 145 155
160 Val Pro Ser Arg Thr Ser Leu Val Fﬁ&hr‘?)eAAsn G u Leu 165

170 (2) | NFORVATI ON FOR SEQ I D NO 28: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH: 1164 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (ix) FEATURE: (A) NAVE KEY: CDS
(B) LOCATION. 97..894

canine 1 MELTELLLVVMLLLTARLDPCLPAPPACDPRLLNKMLRDSHVLHSRLSQC 50

LRI E I LR e PR de e L LT

human 1 MELTELLLVVMLLLTARLTLSSPAPPACDLRVLSKLLRDSHVLHSRLSQC 50

51 PDIYPLSTPVLLPAVDFSLGEWKTQKEQTKAQDVWGAVALLLDGVLAARG 100

Ve L LLE P LR L= P s L e e

51 PEVHPLPTPVLLPAVDFSLGEWKTQMEETKAQDILGAVTLLLEGVMAARG 100

101 QLGPSCLSSLLGQLSGQVRLLLGALQGLLGTQLPPQGRTTTHKDPNAI FL 150

LV AL LE R T e TR T

101 QLGPTCLSSLLGQLSGQVRLLLGALQSLLGTQLPPQGRTTAHKDPNAIFL 150

151 SFQQ LLRGKVRFLLLVAGPTLCAKQSQ PTTAVPTNTSLFLTLRKLPNRTS 200

IR R R Ry e N s NN RN A A R A A AN

151 SFQHLLRGKVRFLMLVGGSTLCVRRAP PTTAVPSRTSLVLTLNELPNRTS 200

201 GLLETNSSISARTTGSGLLKRLQGFRAKIPGLLNQTSRSLNQTPGHLSRT 250

VR TR e DL e ]

201 GLLETNFTASARTTGSGLLKWQQGFRAKIPGLLNQTSRSLDQIPGYLNRI 250
251 HGPLNGTHGT...LPGLSLTAL(.;APDI PPGTSI.DMDALPPNLWéRYSPS PIHPé 300
21 bt bobeeit bbbtk sl bdototdbesmbe 300
301 PGQYTLFSPL PTSPTPQNPLQPPPPDPSA TANSTS PLLIAAHPHFQNLS 349

S I I e N AN A N RN AR I R )

301 TGQYTLF PLPPTLPTPVVQLHPLLPDPSAPTPTPTSPLLNTSYTHSQNLS 350
350 QEE 352

351 QEG 353



(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 28: AGGGAGCCAC GCCA%%%W
AGAATGGAGWOERRFAAATT GCTCCTCGTG 0 GICATGCTTC T

AAGGCTAACG CTGTCC AGC CCG GCT CCT CCT 114 Ser Pro Ala Pro Pro
Ala 1 5 TGI GAC CTC CGA GIC CTC AGI AAA CTG CTT CGT GAC TCC
CAT GIC CIT 162 Cys Asp Leu Arg Val Leu Ser Lys Leu Leu Arg Asp
Ser H's Val Leu 10 15 20 CAC ACC AGA CTG
AGC CAG TGC CCA GAG GIT CAC CCT TTG CCT ACA CCT 210 His Ser Arg
Leu Ser G n Cys Pro Gu Val H's Pro Leu Pro Thr Pro 25 30

35 WD 95/ 26746
PCT/ US95/ 03776 - 124 - GIC CTG CTG CCT CGCT GIG GAC TTT AGC TTG GGA GAA TGG

AAA ACC CAG 258 Val Leu Leu Pro Ala Val Asp Phe Ser Leu Ay Qu
Trp Lys Thr A n 40 45 : 50 ATG GAG GAG
ACCAAGGCACAGGACATTCTGGGAGCAGT Cifl 306 Met Qu
G u Thr LysAIaGInAspIIeLeuGIyAIaV T LeuLou55

60 65 70 CTG GAG GGA GIG ATG GCA GCA
CGG GGA CAA CTG GGA CCC ACT TGC CTC 354 Lou u Gy Val Met Al a
Ala Arg Ay Gn Leu Ay Pro Thr Cys Lou 75 80

85 TCA TCC CTC CTG GGG CAG CTT TCT GGA CAG GIC CGTI CTC CTC CTT GGG
402 Ser Ser Leu Leu Ay Gn Leu Ser Ay.dn Val A.g Leu Leu.Leu Ay 9Q
95 murine 1 MBEDTOLLLAAMLILAVARDELSTEVAPACOPRLANKLOAGSALLHSRL SQCAS0AG

GGC AGG ACC L1#90[Na-Led bl el [Leu[ded Gy T |Gl Uy |Bid |Pro

Gn Ay Archdien 1 MELTELLLVVMLLLTARLTLSSPAPPACDLRVLSKLLRDSHVLHSRLSQC 50
51 PDVDPLSIPVLLPAVDFSLGEWKT QSKA DILGAVSLLLEGVMAARG 100

L d b b LLTE LV R e LEE TR EE T

51 PEVHPLPTPVLLPAVDFSLGEWKTQMEETKAQDIIGAVTLLLEGVMAAR G 100
101 QLEPSCLSSLLG LS VRLLLGAL LLGT LPLQGR'I‘TAHKDPNALFL 150

L= 1 llllllll!lllllllllll! IIIIIII SRERARRRRANENY

101 QLGPTCLSSLLGQLSGQVRLLLGALQSLLGTQLPPQGRTTAHKDPNAIFL 150
151 SLQQLLRGKVRFLLLVEGPTLCVRRTLPTTAVPSSTSQLLTLNKF PNRTS 200

SR llllll PLLLVIL L e dd) =10 ]

151 SFQHLLRGKVRFLMLV STLCVRRAPPTTAVPSRTSLVLTLNELPNRTS 200
201 GLLETNFSVTARTAGPGLLSRLOGFRVKITPGOLNOTSRSPVQISGYLNR 250
201 SRt ikt b ot 248
251 THGPVNGTHGLFAGTSLOTLEASDISPGAFNKGSLAFNLQGGLPPSPSLA 300
REUERES EREIRN LYY N T 1 FY HEEL T LA ER S 1Y P
301 PDGH.TPFPPSPALPTTHGSPPQLHPLFPDPSTTMPNSTAPHPVTMYPHP 349
300 BIOATILIVLIITIY . . PV O APTOTPISILLNIS TS 346
350 RNLSQET 356

AL -
347 QNLSQEG 353
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105

Asn
130
546
140

Trp
165
642
175

Leu
CTT
Thr

205

Thr
230
834
240

Ay

ATC
Al a
CTC
Leu

TCT
Al a
AGC
Ser

TGG
du
TCC
Leu

CCT
Adn
TGG
Trp

GCT
Pro

110
TTHOSFRSTHEC TTC CAA CAC CTG

Il e Phe
CGA G
Arg Ay

GAA GIG
Ser Au
CAA GAT
A n Asp

AAC TCG
Trp Asn
TGG ACC
Ser Trp

CCA GCC
Pro Pro
ATA TTC
Il e Phe

CCA CCC
Ala Pro

Leu
AAG
Lys

GCA
Val
TCC
Ser

Ser
CTC
Thr

Al a
TCC
Ser

Pro

O
\

HO-N

115 ACA GCT CAC AAG CGAT CCC

498 Thr Al a H:"ETL‘?%S%&‘ Pro
Ser Phe G n H's Lou 120 125
GAC TTC TGG ATT GIT GGA GAC AAA CTT CAC TGC CTC
Asp Phe Trp Ile Val Gy Asp Lys Leu H's Cys Lou 135
145 150 AGC CAG AAC TAC TGG CTC TGG
GCA GGG ATT CAG7 /2 8 594 Ser A n Asn Tyr Trp Leu
Ala Ala dy Ile @n 155 160
TGG TCT GCT GAA CCA AAC CTC CAG GIC CCT GGA CCA
Trp Ser Ala Qu Pro Asn Leu @dn Val Pro Ay Pro 170
180 AAT CCC CGG ATA CCT GAA CAG GAT ACA CGA ACT CIT

690 Asn Pro Arg Ile Pro Qu G@n Asp Thr Arg Thr

185 9 195 TGG ACT
ACG CAG GAC CCF!XQA%ACCC GGA CAT 738 Trp
Leu Thr G n Asp Pro Arg Ser Pro Gy Hi s 200

210 TTC CTC AGG AAC ATC AGA CAC AGG CTC CCT GCC ACC
786 Phe Leu Arg Asn Ile Arg His Arg Leu Pro Ala

215 220 0 225

TTC CCC AAC CCA TCC TCC TAC TG ACA GTA TAC GCT

Phe Pro Asn Pro Ser Ser r Trp/ Thr | Tyr Ala 235

245 CTT CCC TCT TCC ACCHCAC CAT GCC GAC CCC TGT GGT

%CH3@(€H§€H§@)§GC£§C MN'Hs Leu Na H's Pro Oys

260

/
0O

+(HoN)m-MGDF

O

i _
[CH30(CH2CH20)n-CH2C-NH]K-MGDF-(NH2)m-k

k, m and n are the same as defined in Figure 15.



WO 95/ 26746

PCT/ US95/ OW012674625 - CCT GCT TOC TGACCCTTCT GCTCCAACGC CCAREESPAEsT76
CAGCCCTCTT 931 Pro Ala Ser 265 CTAAACACAT CCTACACCCA
CTCCCAGAAT CTGICTCAGG AAGGGTAAGG TTCTCAGACA 991 CTGCCGACAT
CAGCATTGIC TCGTGTACAG CTCCCTTCCC TGCAGGGCGC CCCTGGGAGA 1051 CAACTGGACA
AGATTTCCTA CTTTCTCCTG AAACCCAAAG CCCTGGTAAA AGGGATACAC 1111 AGGACTGAAA
AGGGAATCAT TTTTCACTGT ACATTATAAA fg’s &é\‘ G CTA 1164 (2)

I NFORVATI ON FOR SEQ | D NG 29: (|) CHARACTERI STICS: (A) LENGTH. 265
am no acids (B) TYPE: amino acid (D) TOPOLOGY: linear (ii) MOLECULE TYPE:
protein (xi) SEQUENCE DESCRI PTI O\I SEQ ID NO 29: Ser Pro Ala Pro Pro Ala

Cys Asp Leu Arg Val Leu Ser Lys Leu Leu 1 5

10 15 Arg Asp Ser His Val Leu His Ser Arg Leu Ser A n Cys
Pro du Val 20 25 30 H's Pro Leu Pro
Thr Pro Val Leu Leu Pro Ala Val Asp Phe Ser Leu 35 40

45 Gy Qu Trp Lys Thr Gn Met u GQu Thr Lys Ala G n Asp Ile Leu 50

55 60GIyAIaVaI Thr Leu Leu Leu Gu Gy Val Met Ala Ala
Arg Ay d@n 65 75

80 Leu Gy Pro Thr Cys Leu Ser Ser Leu Fﬂe@ n Leu Ser Ay Gn 85

90 95 val Arg Leu Le |a Leu G n Ser Leu Leu

Gy Thr dn Leu

k CHgO(CH2CH20)nCHoCHoC(O)H + (HoN)m-MGDF

NaCNBH3

Y

[CH30(CH2CH20)nCH2CH2CH2-HNJk-MGDF-(NH2)m-k

k - number of PEG molecules reacted with a
molecule of MGDF.
n - degree of polymerization of PEG used in the

reaction; e.g. n=2000 for PEG of MW=100 kD;
n=40 for PEG of MW=2 kD.

m - total number of primary amino groUps per MGDF
molecule.



100 105 110 Pro Pro A n dy Arg Thr Thr

Ala H's LyWoesRéméo Asn Ala |le Phe 115 12 (PCT/US5/03776
125 Leu Ser Phe A n Hs Leu Leu Arg Ay Lys Asp Phe Trp Ile Val Ay 130
135 140 Asp Lys Leu His Cys Leu Ser G n Asn Tyr Trp Leu
Trp Ala Ser Qu 145 150 155

160 Val Ala Ala Ay Ile dn Ser A n Asp Ser Trp Ser Ala Qu Pro Asn 165
170 175 WD 95/ 26746

PCT/ US95/ 03776 - 126 - Lou G n Val gry @lg Pro Asn Pro Arg Ile Pro Qu Gn
Asp Thr Arg 180 1 190 Thr Leu Gu Trp
Asn Ser Trp Thr Leu Ser Trp Thr Leu Thr @ n Asp 195 200
205 Pro Arg Ser Pro Ay Hs Phe Leu Arg Asn Ile Arg His Arg Leu Pro 210
215 220 Ala Thr A n Pro Pro Ala Trp Il e Phe Ser Phe Pro
Asn ‘Pro Ser Ser 225 230 235

240 Tyr Trp Thr Val Tyr Ala Leu Pro Ser Ser Thr H's Leu Ala H's Pro 245
250 255 Cys Ay Pro Ala Pro Pro Pro Ala Ser 260

265 (2) I NFORVMATION FOR SEQ I D NG 30: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH: 24 base pairs (B) TYPE: nucl eiﬁ.Tcéd |6

N'Hg*

0
. o ) Il-
N'H; —N°H, +H-C-PEG

Q00"
NaCNBH;
pH3-6
NHy* Y
N'Hg —N*H-CH,-PEG



(O STRAN e Sl Ngle (D) TOPOLOGY: linear (ii) MOLECULE TYPE. _cDNA (xi)
SEQUENCE B?s%%ﬁ%\t SEQ I D NO 30: GA CTA GTGTCGACCT Gc‘ﬁ’gs”%’""

24 (2) | NFORVATION FOR SEQ I D NO 31: (i EQUENCE CHARACTERI STICS: (A)
LENGTH: 24 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 31: CTGCAGGTCG ACACTAGTGA GCTC

24 (2) | NFORVATION FOR SEQ I D NO 32: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 80 base pairs (B) TYPE: nucleic acid (C STRANDEDNESS:. single (D)
TOPOLOGY: |i near WO 95/ 26746 EFL@ lz‘A

PCT/ US95/ 03776 - 127 - (ii) MOLECULE TYPE’ Xi ) SEQUENCE DESCRI PTI ON:
SEQ | D NO 32: CTCATAATTT TTAAAAAATT CATTTGACAA ATGCTAAAAT TCTTGATTAA

TATTCTCAAT 60 FSFGASCECT—CAGAATITAT
80 (2) I NFORVATI ON HQAR SEQ I D NO 33:
0.003 7 2 s
o 0.002 ] 1\
< 3 b 2
0.001 1 ; \
0.000 3 T —— S N
—
0.00 10.00 20.00 30.00
Minutes
FIG. 178
0.003 4 B A
0.002 ] 5\ /
2 5 IR
0.001 3 /e
0.000 ereeed | e
0.00 10.00 20.00 30.00
Minutes

FIG.17C

iC :
0.006 1 i
2 0.004 ] | /;
0.002 | L
0.000 e
0.00 10.00 20.00 30.00

_ Minutes
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(1) SEQUENCE. CHARACTERI STICS: (A) LENGTH: 86 base pairs (B) : eic
acid (O SHMNMMESS: single (D) TOP g linear (ii) NU_E@T’ES’F%@‘ cDNA
(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 33: TAAATTG TGAGCGCTCA CAATTGAGAA
TATTAATCAA GAATTTTAGC ATTTGICAAA 60 TGAATTTTTT AAAAATTATG AGACGT

86 (2) | NFORVATION FOR SEQ ID NGO 34: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH. 89 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:. single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ ID
NO 34: GACGTCTCAT AATTTTTAAA AAATTCATTT GACAAATCCT AAAATTCTTG ATTAATATTC

60 TCAATTGTGA GCGCTCACAA TTTATCGAT

89 -128- dains I. An MEDF pol ypepti de, which has an amno acid
sequence of a nenber selected fromthe group consisting of Ma&>4, MIDF-5,
MEDF- 6, MGDF-7, and MGDF-8. 2. An i sol ated pol ynucl eoti de, which encodes
an MGEDF pol ypeptide according to Claim1. 3. An isol ated pol ynucl eoti de
according to Claim2, which is a DNA

FIG. 18
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sequence. @095/2624%)'\% sequence according to Caim3, which is a cDNA

sequence. DNA sequence accordié%gzéo Cl ai m 4, whi ch ReEU#9S03776
correspondi ng sequence as shown in FIG or 12. 6. A DNA vect or
conprising a DNA sequence according to daim4. 7. The vector of Claim®6
wherein said DNA sequence is operatively linked to an expression control
DNA sequence. 8. A host cell stably transfornmed or transfected with a
DNA sequence according to Claim4. 9. A host cell according to Claim8,

whi ch expresses said MGDF pol ypepti de encoded by said DNA sequence. 10. A
met hod for produci ng an MEDF pol yp t:-ée, id nethod conprising growing a
host cell according to daim9 in ?sl l .ad@ nutrient nmedi um and isol ating
said MEDF pol ypeptide fromsaid cell or said nutrient nedium 11. A

met hod for produci ng an MEDF pol ypeptide according to Claim 10, wherein
said host cell is an E coli cell. 12. A nmet hod for produci ng an M3DF

pol ypepti de according to Claim fe ! i ost cell is a CHO cel |.

0 -129- 13. An anti body reactllﬁ'@%‘évﬁ\ptﬁhggqywépol ypepti de according to
Caima1l. 14. A nmonocl onal antibody aggording to Claim13. 15. A

reconbi nant anti body according to C ai ¢g13. 16. An MGDF derivative
conprising an MEDF pol ypeptide ¢ | east one water sol uble

pol ymer.

( Clarification )
CCation Exchange Chromatography)

v

(Protease Cleava@

v

CCation Exchange Chromatography)

\

(Hydrophobic Interaction Chromatography)

v

(Concentration and Buffer Exchanga

Filtration

Filtered Purified Bulk r-HUMGDF



17. An MGDF derivative of aim16. wherein said MEDF pol¥§ﬁ8%%ﬂ§1%§

sel ect ed fWBAMRHE6 gr oup consi sting of - 1, MGDF-2, MGDF .
MGEDF- 12, MGEDE- 13, MGDF- 14, and MODF- 15° . An MGDF derivative of C aim 16,
wherein said MEDF pol ypeptide is reconbinantly produced in a bacteri al
cell. 19. An MGDF derivative of Claim16, wherein said water soluble

pol ymer is pharmaceutically acceptable. 20. An MEDF derivative of Claim

16, wherein said water soluble polyner is selected fromthe group

consi sting of dextran, poly(N-vinyl-pyrrolidone). polyethylene glycols,
pol ypropyl ene gl ycol honopol yners, pol ypropyl ene oxi de/ et hyl ene oxi de

co- pol yners, pol yoxyethyl ated pol yols, polyvinyl alcohols and m xtures
thereof. 21. An MGDF derivative of Claim16, wherein said water soluble
polynmer is a polyethylene glycol. 22. An MGDF derivative according to
Claim 21, wherein said polyethylene glycol is a nononethoxy-pol yot hyl ene
glycol. 23. An MODF derivative according to Caim2l1, wherein said

pol yet hyl ene glycol is attached to said MEDF pol ypeptide by an acyl or an
-al kyl linkage. -130- 24. An MGDF derivative according to Caim 23,
wherein the polyethylene glycol group is attached to the N-term nus

t hereof. 25. An MEDF derivative according to Claim23, wherein the

pol yet hyl ene gl ycol group has an averag‘g 'rGe wei ght of 10 to 50

kil odaltons. 2 to 100 kil odal tons, preflertastsy \ An MODF derivative
according to Caim 16, conprising an MEDF pol ypeptide coval ently attached
to two water sol uble polyner nol ecul es. 27. An MGDF derivative according
to Claim 26, wherein said water sol uble polynmer nol ecul es are both

pol yet hyl ene gl ycol s.
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28. A nme attaching a water soluble polynmer to an tide
to produceggﬁgﬁéﬁéﬁderivative accor di ngpgegC ai m 16, wherein”sai &%é?gf

sol ubl e pol yner has a reactive al dehyde group, said nethod conprising
reacting a term nal al dehyde derivative of polyethylene glycol with an M3DE
pol ypeptide in the presence of a reducing agent and isolating said M3DF

pol ypeptide attached to at | east one water soluble polyner. 29. A net hod
for attaching a water soluble polyner to an MGDF pol ypeptide to produce an
MEDF derivative according to Caim 16, wherein said water sol ubl e pol yner
has a single reactive al dehyde group, said nethod conprising: (a)
contacting said M3DE pol ypeptide with a water sol uble pol ynmer under
reductive al kylation conditions, at a pH sufficiently acidic to allow the
[err]-am no group at the am no term nus of said M3DF:pol ypeptide to be
reactive; and (b) isolating said M3E pol ypeptide attached to at | east one
wat er sol ubl e pol yner. 30. A nethod for attaching a water sol uble pol yner
to an MEDF pol ypeptide to produce an MGDF derivative according to C aim16.
wherein said water soluble polyner has a single reactive ester group, said
met hod conprising: (a) contacting said MEDF pol ypeptide with a water

sol ubl e pol yner under conditions so that said M3DF pol ypepti de becones
attached to the water soluble polyner through an acyl |inkage; and (b)

i sol ati ng an MGEDE pol ypepti de attached to at | east one water sol uble

pol ymer. -131- 31. A nethod of a f~C aj 28 through 30, wherein
said polyner is pharmaceutically acc ptgﬁae. Egﬁ A net hod of any of C ains
28 through 30, wherein said water soluble polynmer is selected fromthe
group consi sting of dextran,
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pol y(N-vln roljdone), polyethylene glycols, polypropylene_glycol
honopol ymﬂ‘?ﬂ&??@ﬂpr opyl ene oxi de/ et hy oxi de copol yner s,l’(—’l%gi“f”":’776

pol yoxyet hyl at ed pol yol s and pol yvi nyl "alcohol s. 33. A nethod of any of
Clains 28 through 30, wherein said water soluble polyner is polyethyl ene
glycol. 34. A nethod of Caim 33, wherein said polyethylene glycol has an
average nol ecul ar weight of 2 to 100 kil odaltos, preferably 5 to 50

ki | odal tons. 35. A nono-pegyl ated MEDF pol ypeptide. 36. A nono-pegyl at ed
MEDF pol ypeptide of C aim 35, wherein said MEF pol ypeptide is selected
fromthe group consisting of MGDF-1, MEDF-2, MEDP-3, MGDF-4, MEDF-5,
MEDF- 6, MGDF-7, MGEDF-8, MEDF-11, MEDF- 12, MGDF-13, MEDF- 14 and MGDF- 15.
37. A nono- pegyl at ed MEDF pol ypepti de of any of claim35 or C aim 36,
wherein the polyethylene glycol group is attached to. the NN term nus of the
pol ypepti de. 38. A nono-pegyl ated MEF pol ypeptide of any of Cainms 35

t hrough 37, wherein the pol yethylene glycol group has an average nol ecul ar
wei ght of 2 to 100 kil odaltons, preferably 5 to 50 kilodaltons. 39. A
nono- pegyl ated MGDF of any of Cainms 35 through 38, wherein the MGDF

pol ypepti de has been produced in E. coli. 40. A nono-pegyl ated M3DF

pol ypepti de having am no acids 22-184 of Figure 11. -132- 4 1. A

nono- pegyl at ed MEDF pol ypepti de of gfj: 40,2¥?irein t he pol yet hyl ene

gl ycol group is attached to the N-tern nds o e

—®— r-HUMGDF
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41, wher ei W@ P¥26386 yet hyl ene gl ycol group has an average nol
of 2 to 100 kil odaltons, preferably 5 to 50 kil odaltons. 43.
nono- pegyl at ed MEDF pol ypepti des of any of Cainms 40 through 42, wherein

t he MGDF pol ypepti de has been produced in E. coli. 44. A nethod for
attachi ng a pol yet hyl ene glycol nolecule to an MEDF pol ypepti de to produce
a nono- pegyl ated MGDF pol ypeptide according to Claim35 or 36 or C aim 40,
wherei n said pol yethyl ene gl ycol dﬁﬁéo&ﬂb as a single reactive al dehyde
group, said nethod conprising: (a) contacting said MEDF pol ypeptide with
sai d pol yet hyl ene gl ycol nolecul e under reductive al kylation conditions, at
a pH sufficiently acidic to allow the a-am no group at the am no term nus
of said MEDF pol ypeptide to be reactive; and (b) obtaining a pegyl ated M3DF
pol ypeptide. 45. A nethod of C aim 44, wherein the MEDF pol ypeptide is nmade
by cleaving Met[err]-Lys[err] froma pol ypepti de obtained by expression in
an [err]. coli cell of a DNA encoding a pol ypeptide conprising am no acids
22-184 of Figure 11 and the sequence of Met-Lys at the N-term nus thereof.
46. A nmethod of C aim 44, wherein the MEDF pol ypeptide is made by: (a)
expressing in an E. coli cell a DNA encom|E§zi ol ypeptide conprising am no

pol ypeptide. 42. A nono-pegyl ated MEDF pol ypeptide of C ai m40 or im
dP%Fmﬁﬁgﬂu
A

acids 22-184 of Figure 11 and the sequfﬁck ys at the N-term nus
t hereof, (b) isolating the expressed pol ypeptide, and (c) cleaving
Met[err]-Lys[err] fromthe isol ated pol ypepti de.
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-133- 47. - A nethod of any of Cains 44 through 46, wherein said

pol yet hyl eﬂ@&’%fw nol ecul e has a nol ecul ar wei ght of 2 to PGRIUSISN03776

ki | odaltons, preferably 5 to 50 kil odaltons. 48. A nono-pegyl ated M3DF

pol ypepti de product produced by the prog 4% 8s of any of Cains 44 through 47.
49. A substantially honogeneous preparation of an MGDF pol ypeptide
according to any of Clains 35 through 43 or Caim48. 50. A preparation of
Cl aim 49, wherein said MEF pol ypepti de has been nono-pegyl ated at the
[err]-am no group at the N- term nus thereof. 51. A preparation of C aim49
or Claim50, wherein said MEF pol ypeptide is nono-pegylated with a

pol yet hyl ene gl ycol having an average nol ecul ar weight of 2 to 100

ki | odal tons, preferably 5 to 50 kil odaltons. 52. A pharnaceuti cal
conposition conprising an MGDF derivative according to any of Clains 16
through 27 and a pharnmaceutically acceptable diluent, adjuvant or carrier.
53. A conposition of Claim52, wherein said conposition is used in the
treatment of platelet disorders or thr o toqEEQa. 54. A conposition of

Cl aim 53, wherein the thronbocytopenia is ihduc by chenbt her apy,
radi ot herapy or bone marrow transpl antation. 55. A pharnaceuti cal
conposition conprising a nono- pegyl ated M3DF pol ypepti de according to any
of Cainms 35 through 39 or Cainms 40 through 43 and a pharnaceutically
acceptabl e diluent, adjuvant or_carrier
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-134- 56. % ition of Claimb55, wherein said conmposition is used in
the treatnent 0 atel et disorders or thronbocytopenia. 57. P%‘Wﬁ’ﬁ'ﬁ’gﬁtlon
of Cl aim 56, vvherel n the thrombocytopenia is induced by chenot herapy,

radi ot herapy or bone marrow transpl aptgtf en 57. A nethod of Claim53 or
54, wherein said water sol uble pol yoer is pol yethylene glycol. 58. A nethod
of Claim53 wherein said pHis 5 b @ab t and about 9. 59. A nethod
of O aim53, wherein said reductive al kylation conditions involve the use
of sodi um cyanoborohydride as a reducing agent. 10 60. A nmethod for
attaching a pol yet hyl ene glycol nolecule to an MEDF pol ypepti de accordi ng
to any of Caims 1-12, wherein said polyethylene glycol nolecule has a

single reactive alde u said 15 nmethod conprising: (a) contacting
sai d MGDF DEGy Fudhi &éyT/\n(t: Ts&f@p@Cfet@Teﬁ@}gl?Gﬁ‘l GAT eTPe CEGeGTC CTG

reductive @ERYIYSOSERNPRD s PROA PRROS WA chelt IASACLENE ARGaNW 1hY
a-amno group at the amno term nus of said 20 MEDF pol ypeptide to be

reactive; and (b) obtaining a pegyl ated MEDF pol ypeptide. 61. A nethod of
Cl ai m 60, TEEr AAAsETE 2BTEoICEE hNGAEhErGTy EAC nBTEC (IEG hadCh ToTe G Rr CTG

weight of @gr LYS LEU LEU ARG ASP SER HIS VAL LEU HIS SER ARG LEU

TCC CAG TGC CCG GAA GTT CAC CCG CTG CCG ACC CCG GTT CTG
SER GLN CYS PRO GLU VAL HIS PRO LEU PRO THR PRO VAL LEU

CTT CCG GCT GTC GAC TTC TCC CTG GGT GAA TGG AAA ACC CAG
LEU PRO ALA VAL ASP PHE SER LEU GLY GLU TRP LYS THR GLN

ATG GAA GAG ACC AAA GCT CAG GAC ATC CTG GGT GCA GTA ACT
MET GLU GLU THR LYS ALA GLN ASP ILE LEU GLY ALA VAL THR

CTG CTT CTG GAA GGC GTT ATG GCT GCA CGT GGC CAG CTT GGC
LEU LEU LEU GLU GLY VAL MET ALA ALA ARG GLY GLN LEU GLY

CCG ACC TGC CTG TCT TCC CTG CTT GGC CAG CTG TCT GGC CAG
PRO THR CYS LEU SER SER LEU LEU GLY GLN LEU SER GLY GLN

GTT CGT CTG CTG CTC GGC GCT CTG CAG TCT CTG CTT GGC ACC
VAL ARG LEU LEU LEU GLY ALA LEU GLN SER LEU LEU GLY THR

CAG CTG CCG CCA CAG GGC CGT ACC ACT GCT CAC AAG GAT CCG
GLN LEU PRO PRO GLN GLY ARG THR THR ALA HIS LYS ASP PRO

AAC GCT ATC TTC CTG TCT TTC CAG CAC CTG CTG CGT GGC AAA
ASN ALA ILE PHE LEU SER PHE GLN HIS LEU LEU ARG GLY LYS

GTT CGT TTC CTG ATG CTG GTT | GGC GGT TCT ACC CTG TGC GTT
VAL ARG PHE LEU MET LEU VAL GLY GLY SER THR LEU CYS VAL

CGT CGG GCG CCG CCA ACC ACT GCT GTT CCG TCT TAA
ARG ARG ALA PRO PRO THR THR ALA VAL PRO SER STOP



. to 100 kil odaltons. 62. A pegyl ated MEDF pol ypepti de prodga:_“ mﬁdunadb‘y;
the process of aim60. 30 63. A substantially hom)gerieous PLEPAK a{p.h?n of

..an I\/GDF rding to any of Clains 1-12 nonopegyl.at. ed at.?
[err]- mwmﬁmﬂmﬁ N-term nus of said M3DF pol ypeptite==38=====
pr epar at mi M 63, wherein said MEF pol ypeptide is rmnopegyl at ed
with a polyethylene glycol having an"]aRﬁa'rage nol ecul ar weight of 5 to 50

kilodaltons. 5 65. A pharmaceutical cGgyp@si tion conprising a pegyl ated M3DF
pol ypepti de according to any of C aI'TTE_4‘1' 49, 51 or 52 and a

pharmaceutically accept agﬁﬁ gl I 1F<|ent ad nt or carrier. 10 66. A

phar maceuti cal conpédsiti ahé'aﬁs%mmm@smmmfgous
prepar at i umnﬁubr WWheernMWSMW@M@DMWﬁ?ﬂ.Sal d
nonopegy! gf _pol ypeptide consisting of a 15 polyethylene glycol

havi ng a rm ecu ar wei ght of 5 to 50 kil odatons connected to an MGDF

pol ypeptide solely at the N-term nus thereof via an alkyl |inkage; and (Db)

a pharmaceutical |y acceptabiselatid pityruclcatitie Waiith eficodes an MGDF polypeptide |
according to Claim 1.

3. An isolated polynucleotide according to Claim 2, which is a DNA
sequence.

4. A DNA sequence according to Claim 3, which is a cDNA
sequence.

S. A cDNA sequence according to Claim 4, which has a
coresponding sequence as shown in FIG 11 or 12.

6. A DNA vector comprising a DNA sequence according to Claim 4.

7. The vector of Claim 6 wherein said DNA sequence is operatively
linked to an expression control DNA sequence.

8. A host cell stably transformed or transfected with a DNA sequence
according to Claim 4.

9. A host cell according to Claim 8, which expresses said MGDF
polypeptide encoded by said DNA sequence.

10. A method for producing an MGDF polypeptide, said method
comprising growing a host cell according to Claim 9 in a suitable nutrient medium and
isolating said MGDF polypeptide from said cell or said nutrient medium.

Il. A method for producing an MGDF polypeptide according to Claim
10, wherein said host cell is an E. coli cell.

12. A method for producing an MGDF polypeptide according to Claim
10, wherein said host cell is a CHO cell.



‘carrier. 20 67. A nono-pegyl ated MEDF pol ypeptide conpris
22- 184 of Figure-—11.—687"A nbno- pegyl ated MEDF pol ypepti d¢

Claim67, wh | yl ene gl ycol group is attachs
N-t erm nus oﬁlﬁm‘w a&nﬂm 69. A nono- pegyl at ed MGEDF | : :
according to 4 Wiserei n the pol yethyl ene glycol 30 group has an
average nol ecul ar weight of 2 to 100 kil odaltons. 70. A nono-pegyl ated MZDF
pol ypeptide according to C aim67, 68 o¥2%9, wherein the MDF 35

pol ypepti de has been produced in E. coli. 71. A nethod of attaching

wat er sol ubl e pol yet hyl ene glycol to an MEDF pol ypeptide conprising am no
acids 22-184 of Figure 11, which nethod conprises contacting the MEDF

pol ypeptide with the polyethylene 5 glycol under conditions so that the

MCDF pol ypepti de beggonesagbititiddyFedctive RutPel MGHF peliPestideCitboddthgit @i N
nono- peg g.lte MEDF pol ypeptide: 72. A nethod according to Clarm 71,

wher ei n T he pol yet hyl ene glycol is attached to the MGEDF pol ypepti de
under reductive alkylation conditions at a pH sufficiently acidic to allow

the a-am no group af4thep 5ﬁmnw&tmgwgﬁ@é¥ggg§_i de to be reactive.

15 73. A nethod according t

{5. A recombinant antibody according to Claim 13.

16.  An MGDF derivative comprising an MGDF polypeptide connected
to at least one water soluble polymer.

17. An MGDF derivative of Claim 16, wherein said MGDF
polypeptide is selected from the group consisting of MGDE-1, MGDF-2, MGDF-4,
MGDEF-11, MGDF-12, MGDF-13, MGDF-14, and MGDF-15.

18.  An MGDF derivative of Claim 16, wherein said MGDE
polypeptide is recombinantly produced in a bacterial cell.

19. An MGDF derivative of Claim 16, wherein said water soluble
polymer is pharmaceutically acceptable.

20.  An MGDF derivative of Claim 16, wherein said water soluble
polymer is selected from the group consisting of dextran, poly(N-vinyl-pyrrolidone),
polyethylene glycols, polypropylene glycol homopofymers, polypropylene oxide/ethylene
oxide co-polymers, polyoxyethylated polyols, polyvinyl alcohols and mixtures thereof. '

21, An MGDRE derivative of Claim 16, wherein said water soluble-
polymer is a polycthylene glycol. '

22. An MGDF derivative according to Claim 21, wherein said
polyethylene glycol is a monomethoxy-polyethylene glycol.

23. An MGDF derivative according to Claim 21, wherein said
polyethylene glycol is attached to said MGDF polypeptide by an acyl or an alkyl linkage.



- wherein the MGDF pol ypeptide i s nono-pegylated with a pol yét hyl'ené "gkycoliuit |
havi ng an average nol ecul ar weight of 2 to 100 kilodaltons: 20 3{ SEP 1997 -

74, A met hod m’ mﬂﬂl 73, wherein the MEDF pol ypepti de i s -made- *
by cl eaving MBt m om a pol ypeptide obtained by expression-ifi~
an E. coli cell of ‘a

erfcodi ng a pol ypeptide conprising am no acids
22-184 of Figure 11 and the sequence-pa80Met-Lys at 25 the N-term nus

thereof. 75. A nethod according to Caim73, wherein the MGDF pol ypeptide
is made by: a. expre4si ngnimand&vaﬁvbiac&edxhg&mlﬁnaﬂ. whei€iadtieng a

pol ypept i dei/e@@Rak $ivas: 11 and the sequence of
Met - Lys a?gtyﬁeml\ll-tgry% n gragdogé %& w‘?ﬁ“{l ng the expressed

pol ypepti de, and 35

: cleaving Met[err]-Lys[err] from
the isolated pol ype@fi deAn MGDPE&Envilee atcqriiiag neaClairhi28aivhereimplsi t i on

CONpr i Si NGolyaRf IR BNl aaummpdqwg@&medaa@aagﬁ@um tb gogl@ddi‘fgﬁsg and a
pharmaceuti cal I'y acceptable diluent, a JW A Bi
pharmaceutical conposition according to arm u1 sglrﬁ?faﬁﬁ. ¥L0
78. A phar maceut i c&6- cofpdMGDRetivadvs atcordingdo Claim 16 Compﬂsmgan

MGDF polypeptide covalently attached to two water soluble polymer molecules.

27.  An MGDF derivative according to Claim 26, wherein said water
soluble polymer molecules are both polyethylene glycois.

28. A method for attaching a water soluble polymer to an MGDF
polypeptide to produce an MGDF derivative according to Claim 16, wherein said water
solublec polymer has a reactive aldehyde group, said method comprising reacting a
terminal aldehyde derivative of polyethylene glycol with an MGDF polypeptide in the

presence of a reducing agent and isolating said MGDF polypeptide attached to at feast
one water soluble polymer.

29. A method for attaching a water soluble polymer to an MGDF
polypeptide to produce an MGDF derivative according to Claim 16, wherein said water
soluble polymer has a single reactive aldehyde group, said method comprising:

(2) contacting said MGDF polypeptide with a water soluble
polymer under reductive alkylation conditions, at a pH sufficiently acidic to allow the
o-amino group at the amino terminus of said MGDF polypeptide to be reactive; and

(b)  isolating said MGDF polypeptide attached to at least one
water soluble polymer.

30. A method for attaching a water soluble polymer to an MGDF
polypeptide to produce an MGDF derivative according to Claim 16, wherein said water
soluble polymer has a single reactive ester group, said method comprising:

(2) contacting said MGDF polypeptide with a water soluble
polymer under conditions so that said MGDF polypeptide becomes attached to the water
soluble polymer through an acyl linkage; and

®) isolating an MGDF polypeptide attached to at least one
water soluble polymer.

-z



I pESLACEMENT Bk

: Caim76 in |lyophilized form 79. A nmethod for treating aljpati e§ HERi 18g7a

deficiency of a human ptide, which conprises 1§ Pa@imni-stering ™
~an effective amx“‘\‘gﬁ\m\%ﬁyl ated MGDF pol ypeptide attording t CTRGR
69 to said patiemnt! ol shoa for treating a patient having a

t hronbocyt openi ¢ condi ti on, which conprises 20 adm nistering an effective
anount of a nono-pegyl ated MEDF pol ypeptide according to Caim69 to said
patient. 81. A nethod according to Cl aldi80, wherein said condition is

sel ected fromthe group,cRREbatdNAngfo212RhAT0I EnANRM Fo, WHLARA DIG

t hr onbocyt openi a, ar]% throrg_boc togenl a&E’ﬁsul ting fromdrug or radiation

t r eat ment PP A R KOG TOT - T AEPIRF2PAR" nunber of 30 mature

megakaryocytes in a patient in need thereof, which conprises adm nistering
to saij_d patiegt an ﬂgf e@.gﬁ\m&nwranyo&é a:mm@-m%xgaﬁ@d 3%&@_#93% i de
accordin ai : . : me r.Lncreasin e
nunber 019 wﬁl &t e oéglsjg? F° gmbezft ilgn’felleﬁ tﬁ%e%"fnhéfeef# ?Q%f%ogﬁi%{éf?ﬁr? é@gﬁ*fﬁ‘h
Sheet Has HRA¥ NNy p¥xrolidonelg- paldethy kemer ghrals - seekyrparylene glycef f ecti ve
amount of drEReDREsY | @G d¥gdene AR ridReds Wiide Ngogcdyhddi,m 69. This
Sheet Has $§¥39x5§¥ﬂyﬁﬁééh polyols and polyvinyl alcohols.

33. A method of any of Claims 28 through 30, wherein said
water soluble polymer is polyethylene glycol.

34. A method of Claim 33, wherein said polyethylene glycol
has an average molecular welght of 2 to 100 kilodaltos, preferably 5 to
50 kilodaltons.

35. A mcno-pegylated MGDF polypeptide,

36. A‘mono-pegylated MGDF polypeptide of Claim 35, wherein
said MGDF polypeptide is selected from the group consisting of MGDF~1,
MGDF-2, MGDR-3, MGDF~4, MGDF-5, MGDF-6, MGDF-7, MGDF-8, MGDF-11, MGDF-
12, MGDF-13, MGDF-14 and MGDF-15.

37. A mono-pegylated MGDF polypeptide of any of Claim 35 or
Claim 36, wherein the polyethylene glycol group is attached to the N-
terninus of the polypeptide.

38. A mono-pegylated MGDF polypeptide of any of Claims 35
through 37, wherein the polyethylene glycol group has an average

molecular weight of 2 to 100 kilodaltons, preferably 5 to 50
kilodaltons.

339. A mono-pegylated MGDF of any of Claims 35 through 38,
wherein the MGDF polypeptide has been produced in E. coli.

40. A mono-pegylated MGDF polypeptide having amino acids
22-184 of Figure 11.
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41, A mono-pegylated MGDF palypeptide of Claim 40, wherein

the polyethylene glycol group is attached to the N-terminus of the
polypeptide.

42. A mono-pegylated MGDF polypeptide of Claim 40 or Claim

41, wherein the polyethylene glycol group has an average molecular
weight of 2 to 100 kilodaltons, preferably 5 to 50 kilodaltons.

43. A mono-pegylated MGDF polypeptides of any of Claims 40

through 42, wherein the MGDF polypeptide has been produced in E. coli.

44. A method for attaching a polyethylene glycol molecule

to an MGDF polypeptide to produce a mono-pegylated MGDF polypeptide
according to Claim 35 or 36 or Claim 40, wherein said polyethylene

glycol molecule has a single reactiwve aldéhyde group, said method
.comprisings

(a)} contacting said MGDF polypeptide with said polyethylene
glycol molecule under reductive alkylation conditions, at a pH

sufficiently acidic to allow the a-amino group at the amino terminus of
said MGDF polypeptide to be reactive; and

(b) obtaining a pegylated MGDF polypeptide.

45. A method of Claim 44, wherein the MGDF polypeptide is

made by cleaving Met?-Lys™ from a polypeptide obtained by expression in

an E. coli cell of a DNA encoding a polypeptide comprising amino acids

22-184 of Figure 11 and the sequence of tet-Lys at the N-terminus
thereof.

46. A method of Claim 44, wherein the MGDF polypeptide is
made by:

(2) expressing in an E. coll cell a DNA encoding a
polypeptide comprising amino acids 22-184 of Figure 11 and the sequence
of Met-Lys at the N-terminus thereof,

(b} isolating the expressed polypeptide, and
{c) cleaving Met ’-Lys™ from the isolated polypeptide.
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47. A method of any of Claims 44 through 46, wherein said

polyethylene glycol molecule has a molecular weight of 2 to 100
kilodaltons, preferably S5 to 50 kilodaltons.

48. A mono-pegylated MGDF polypeptide product produced by

the process of any of Claims 44 through 47.

49. A substantially homogeneous preparation of an MGDF

polypeptide according to any of Claims 35 through 43 or Claim 48.

50. A preparation of Claim 49, wherein said MGDF

polypeptide has been mono-pegylated at the a-amino group at the N-
terminus thereof.

51. A preparation of Claim 49 or Claim 50, wherein said

MGDF polypeptide is mono-pegylated with a polyethylene glycol having an

average nolecular weight of 2 to 100 kilodaltons, preferably 5 to 50
kilodaltons.

52. A pharmaceutical composition comprising an MGDF

derivative according to any of Claims 16 through 27 and a
pharmaceutically acceptable diluent, adjuvant or carrier.

53. A composition of Claim 52, wherein said composition is

uszd in the treatment of platelet disorders oxr thrombocytopenia.

54. A composition of Claim 53, wherein the thrombocytopenia
is induced by chemotherapy, radiotherapy or bone marrow transplantation.

55. A pharmaceutical composition comprising a mono-

pegylated MGDF polypeptide according to any of Claims 35 through 39 or

Claims 40 through 43 and a pharmaceutically acceptable diluent,
adjuvant or carrxier.
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56. sas
. A composition of Claim 55, wherein said composition §
n the treatment of platelet disorders or thrombocytopenia )

57. . :
‘e 1ng A composition of Claim 56, wherein the thrombocytopeni
S 1
nduced by chemotherapy, radiotherapy or bone marrow transplant a
antation.
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