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The present i NViEs8hed Bad iil,A Eceidn general to 10 novel factors which
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The present invention relates in general to
10 novel factors which stimulate primitive progenitor cells
including éarly hematopoietic progenitor cells, and to
DNA sequences encoding such factors. In particular, the
invention relates to these novel factors, to fragments
and polypeptide analogs thereof and to DNA sequences
15 encoding the same. '

Background of the Invention

The human blood-forming (hematopoietic) system
20 is comprised of a variety of white ‘blood cells
{including neutrophils, macrophages,.baSOphils, mast
cells, eosinophils, T and B cells), red blood cells
(erythrocytes) and clot-forming cells (megakaryocytes,
platelets). _ ’

- 25 It is believed that small amounts of certain
hematopoietic growth factors account for the
differentiation of a small number of "stem cells" into a
variety of blood cell progenitors for the tremendous
proliferation of those cells, and for the ultimate

30 differentiation of mature blood cells from those
lines. The hematopqietic regenerative system functions
 well under normal conditions. However, when stressed by
chemotherapy, radiation, or natural myelodysplastic
disorders, a resulting period during which patients are
35 seriously leukopenic, anemic, or thrombocytopenic
' occurs. The development and the use of hematopoietic

THIS SHEET HAS BEEN
REPLACED




(erythrocytes) and clot-form ng cells (negakaryocytes, pl atel ets). 25
It is believed that small anobunts of certain hemat opoi etic growt h
factors account for the differentiation of a small nunber of "stem
cells" into a vari ety of blood cell progenitors for the trenendous
proliferation of those cells, and for the ultimate 30 differentiation of
mat ure bl ood cells fromthose | i nes.” The hematopoi etic regenerative
system functi ons wel | under normal conditions. However, when stressed

by chenot her w rAdialion, . QF taboR¥eheHYSH! | rigpsorders, a
resul ting perigﬁQﬁﬁ¥}T§g%5§%ﬁ?ﬁ%ﬁ%lggggHare°35 ser?gusﬁég%gaﬁ%péﬂrc, anem c,
~or thronbocyt ogartiing thigcdangerrys 88@EPepment and the use of

hemat opoi eti ¢ In certain viral induced disdrders, s@ERWE factors
accel erates bone marrow regeneratiqn ase.

_ : .. durlng t hi s danger pus ph
In certain vir @CTHFRE PGS desicheqsy | Igﬁéupfﬁﬂ aﬁf%?ﬁﬁﬁﬁe
deficiency GAl BRctblaodr ity Desspbcagitatey! desayopedspecifically
destroved  MEEUAIST AL ol A5 oRRIUE Ao D RS AEBREHIAC b
such cases.
Because the hematopoietic growth fac;ors are
present in extremely small amounts, the detection and

10 identification of these factors has relied upon an array
of assays which as yet only distinguish among the
different factors on the basis of stimulative effects on
cultured cells under artificial conditions.

_ The application of recombinant genetic

15 techniques has clarified the understanding of the
biological activities of individual growth factors. ' For
example, the amino acid and DNA sequences for human
erythropoietin (EPO), which stimulates the production of
erythrocytes, have been obtained. (See, Lin,

20 U. S. Patent 4,703,008, hereby incorporated by
reference). Recombinant methods have also been applied
to the isolation of cDNA for a human granulocyte colony-
stimulating factor, G-CSF (See, Souza, U. S. Patent
4,810,643, hereby incorporated by reference), and human

25 granuldcyte-macrophage colony stimulating factor
(GM~CSF) [(Lee, et al., -Proc. Natl. Acad. .Sci. USA, 82,
4360~4364 (1985); Wong, et al., Science, 228, 810-814
(1985)], murine G- and GM-CSF [Yokota, et'al., Proc.,
Natl. Acad. Sci. (USA), 81, 1070 (1984); Fung, et al.,

30 Nature, 307, 233 (1984); Gough, et al., Nature, 309, 763
(1984)1, and human macrophage colony-stimulating factor
(CSF-1) [Kawasaki, et al., Science, 230, 291 (1985)].

The High Proliferative Potential Colony

Forming Cell (HPP-CFC) assay system tests for the action
35 of factors on early hematopoietic progenitors {Zont,
J. Exp. Med., 159, 679-690 (1984)]. A number of reports




present in extrenely small anounts, the detection and 10 identification of

these factors has relied upon an array of assays which as yet only

di stingui sh anong the different factors on the basis of stinulative
effects on cultured cells under artificial conditions.

The application of reconbi nant genetic 15 techniques has clarified the
under st andi ng of the bi ol ogi cal acti#%ities of individual growh
factors. For exanple, the am no acid and DNA sequences for human
erythropoietin (EPO,, which stimnmulates the production of er throcyt es,

have been obt aiHEEt _(sddie (hiferarurg £or $acERrss¥Rashogge H"&rtéﬁ? in
i ncorporated bythe Hmaicmcerurs@ay Recmréalsr@@mte@eblﬁodaehéveaalt@&sb%&raa appl i ed

to the isolation r hu anul o stijnulatin
factor, G CSF (%ﬂa l?éhé ggte%@e m°s§y §a¥ﬁ€F859 er‘?borpora?ed
by reference), @Emtdmmeazgymdamwe&omacrophage coI ony stimulating
factor CSF Lee,, et N . . Iy wWSA, 82 ..

4360- 4364 ((1 85) %N)Lg, AT eﬁﬂl"é&ﬁ’eﬁg’e?ﬁﬁ‘%@, Sﬁig.g&li%“??%g) ﬁe‘irhh‘:"} ne
G and GW CSF [haskReen etermled syngrgisticNgectoRcA8F ) sci Seyesa)l, h@manl070
(1984); Fung, Eﬁlégueslg%dwﬁdﬂé% éﬂﬁ7mo%§§ 63954lingﬁuﬁgod@EeaEnvS@ature

309, 763 19842 and human macr ophage col ony-sti ul ating fact dr
( CSF- 1) [Kavvasa’k? tedy|to agiSHide, W?SG“ sypergogss) with CSF=1 to  Tpe
Hi gh Prolifer atsﬁ/ﬁmBQttﬁmtutﬁH €aldrest HPPFQIE‘m ngs€el | héHPBESEC):e@%&QBédSySt em
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" placental cells, 5637 cells (a pladder carcznoma cell

line), and EMT-6 cells (a mouse mammary carcinoma cell
line). The identity of SF-1 has yet to be determined.
Initial reports demonstrate overlapping activities of

15 interleukin-l with SF-1 from cell line 5637 [Zsebo
et al., Blood, 71, 962-968 (1988)]. However, additional
reports have demonstrated that the combination of
‘interleukin-1 (IL-1) plus CSF-1 cannot stimulate the
same colony formation as can be obtained with CSF-1 plus

20 partially purified preparations of 5637 conditioned
media [McNiece, Blood, 73, 919 (1989)].

The synergistic factor present im pregnant
mouse uterus extract is CSF-1. WEHI-3 cells (murine
myelomonocytic leukemia cell line) produce a synergistic

25 factor which appears to be identical to IL-3. Both
CSF-1 and IL-3 stimulate hematopoietic progenitors whichm
are more mature than the target of SF-1.

Another class of synergistic factor has been
shown to be present in conditioned media ‘from TC-1 cells

30 (bone marrow-derived stromal cells). This cell line
produces a factor which stimulates both early myeloid
and lymphoid cell types. It has been termed
hemolymphopoietic growth factor 1 (BELGF-1). It has an
apparent molecular weight of 120,000 {McNiece et al.,

35 Exp. Hematol., 16, 383 (1988)]. '




-3 exist inthe literature for factors which are active in t he

HPP- CFC assay. The sources of these factors are I ndi cated in Table 1.
The nmost well characterized factors are discussed below. 5

An activity in human spl een conditioned nmedi um has been terned
synergistic factor (SF). Several human - 4 ti ssues and human and nouse cel
| i nes produce an SF, referred to as SF-1, which synergizes with CSF-1
to stinulate the earliest HPP-CFC. SF-1 has- been reported 10 in nedia

condi ti oned by human spl ee@fcéiies knpirainterleniainsmtand (&8s, H6SY, cells (a
bl adder carcinomgrcell 3ng dgrg) ,ha@@dbgé/ﬂ- Ba&etisidd 40 é@é}"ﬁ{
SF- et et m ned.

carci noma cel | I|ne) The |dent|t§ 1 has yet to
Initial reports BEkbHICYatld Sher ERBHERG é%%4w1tlﬁﬁﬁcﬂtmﬁFliﬂQ#QQﬁH@ﬁ1 | W th

SF-1 fromcell | sya&@&%t[lésal&lvuyeheatmné’d ondl, Tablle WhBAS {O8Hdn
However , addlglonal nDn tra ed t hat tqglconbl ation of

i nt erl euki n- | (IEtFY°§PJ§ Fl%e8§ﬁﬁbF St € po ony
formati on as canskguehbica red bithogGSEal @éUSviKy[prdﬁEﬂéal¢h§l§de§bnt

preparations of ?ggzn%qgﬁgkgﬁgggéit $ é&f@mﬁﬁicq cxgkstlﬂcE]é%om

(1989)]. T present 15 preegn nouse
ut erus extract i§L€$F-IL‘ﬁEHCS§-deBh§ $Huk+ne nyel ononocytic | eukem a
cell line) produce a synergistic 25 factor which appears to be identical
to IL-3. Both CSF-1 and IL-3 stinulate_henatopoietic progenitors which
are nore ‘matdPe than the target of SF-1. Table 1
Preparations Containing Factors Active
in the HPP-CFC Assay
15 Source ! Reference
Human Spleen CM [Kriegler, Blood, 60, 503(1982)]
Mouse Spleen CM . [Bradley, Exp. Hematol. Today
' Baum, ed., 285 (1980)]
20 Rat Spleen CM [Bradley, supra, (1980)]
Mouse lung CM _ [Bradley, supra, (1980)]
Human Placental CM [Krieé]er, supra (1982)]
Pregnant Mouse Uterus [Bradley, supra (1980)]
GTC-C CM {Bradiey, supra (1980)]
25 RH3 CM I [Bradley, supra (1980)]
PHA PBL [Bradley, supra -(1980)]
WEHI-3B CM [McNiece, Cell Biol. Int. Rep., 6, 243(1982)]
EMT-6 CM [McNiece, Exp. Hematol., 15, 854 (1987)]
L- Cell CM [Kriegler, Exp. Hematol., 12, 844 (1984)]
30 5637 CM . : [Stanley, Cell, 45, 667 (1986)]
TC-1 CM . - [Song, Blood, 66, 273 (1985)]
L cM= Conditioned media.
35 When administered parenterally, proteins are

often cleared rapidly from the circulation and may



Anot her class of synergistic factor has been shown to be present in
conditioned nedia fromTC 1 cells 30 (bone marrowderived stromal cells).
This cell line produces a factor which stinulates both early nyel oid
and | ynphoid cell types. It has been terned henol ynphopoi eti c growth
factor 1 (HLG--1). It has an apparent pol ecul ar wei ght of 120, 000

[ McNi ece et al., 35 Exp. Hematol., 16, 383 (1988)].

-4- O the known interleukins and CSFs, |L-1, I L-3,

and CSF-1 have ae@flefal@@téii@ﬂt &Semewa; Rhor t-18Gtdd n% dnfh M dIREA CFC
assay. The other sources of ﬁ ergistic activity ntioned iI'n Table 1

have not been 3#CtLY+b¥t ur@Prseq L% efd'eq%ed%?qtﬁénﬁol%ﬁpeptlde
sequence and bipéDgt LabIAClavgd Yadued idfe b ildae Hirves @Ho temsl theon rel ates

cope.miecs o iugh ool o e s L G a8 B
in the HPP- G-C nisdaffied by the covalent attachment of water soluble
polymers such as polyethylene glycol, copolymers of
polyethylene glycol and polypropylene glycol, '
carboxymethyl celiulose, dextran, polyvinyl alcohol,
polyvinylpyrrolidone or polyproline are known to exhibit
10 substantially longer half-lives in blood following
intravenous injection than do the corresponding
unmodified proteins [Abuchowski et al., In: "Enzymes as
Drugs", Holcenberg et al., ads. Wiley-Interscience,
New York, NY, 367-383 (1981), Newmark et al., J. Appl.
15 Biochem. 4:185-189 (1982), and Katre et al., Proc. Natl.
Acad. Sci. USA 84, 1487-1491 (1987)]. Such
modifications may also increase the protein's solubility

in aqueous solution, eliminate aggregation, enhance the
physical and chemical stability of the protein, and

20 greatly reduce the immunogenicity and antigenicity of
the protein. As a result, the desired in vivo
biological activity may be achieved by the
administration of such polymer-protein adducts less
frequently or in lower doses than with the unmodified

25 ©protein.

Attachment of polyethylene glycol (PEG) to
protelns is particularly useful because PEG has very low
toxicity in mammals [Carpenter et al., Toxicol. Appl.
Pharmacol., 18, 35-40 (1971)]. For example, a PEG

30 adduct of adenosine deaminase was approved in the

United States for use in humans for the treatment of
severe combined immunodeficiency syndrome. A second
advantage afforded by the conjugation of PEG is that of
effectively reduc*ng the immunogenicity and antigenicity

35 of heterologous protelns For example, a PEG adduct of
a human protein might be useful for the treatment of



15 Source Ref er ence

Human Spl een CM [ Kriegler, Blood, 60, 503(1982)] Mouse
Spl een CM [ Bradl ey, Exp. Hematol. Today

Baum ed., 285 (1980)] 20 Rat Spleen CM [ Bradl ey,
supra, (1980)] Mouse |ung CM [ Bradl ey, supra,
(1980) ] Human Pl acental CM -6- - [Kriegler, supra (1982)]
Pregnant Mouse U erus ' [ Bradl ey, .supra (1980) GIC- C ™

[SEL?gl (631158831]pra é%%gg%_éég o@lﬂgr%mmalian species Witho[uér é:é’]e risk[ %rfad' ey,

ey, supra
(1980)] WEHI t8Bgghking a EBURFectmm@s IreBiponsel.nt. Rep., 6, 243(1982)]

EMI-6 CM McNi 'I%W%fl 4&% : L- Cell
CM [ Kriegl e£, ELSBQXQ%FOT 12, P@?ﬁﬂ?%g%] 81%11)5116%17!:1&\/'

[Stanl ey, Cell, attaebed(t98eNp or mqye reggtive aminc acid residues [igong,
Bl ood, 66, 273 (3982bkein such S¥Feh®nsgH028d ntPirdup oS the amino-

When admi ni stered parenterally, p[gtelns are of.ten cleared rapidly from
the circul ation éﬁﬂmﬁﬁﬁl amino acid, the epsilon amino groups of lysine

side chains, the sulfhydryl groups of cysteine side
chains, the carboxyl groups of aspartyl and glutamyl
side chains, the alpha-carboxyl group of the carboxyl-
- 10 terminal amino acid, Eyrosine side chains, or to
' acEivated derivatives of glycosyl chains attached to
certain asparagine, serine or threonine residues.
' Numerous activated forms of PEG suitable for
direct reaction with proteins have been described.

15 Useful PEG reagents for reaction with protein amino
groups include active esteré of carboxylic acid or
carbonate derivatives, particularly those in which the
leaving groups are N-hydroxysuccinimide, p-nitrophenol,
imidazole or l-hydroxy-2-nitrobenzene-4-sulfonate. PEG

20 derivatives containing maleimido or halocacetyl groups
are useful reagents for the modification of protein free
sulfhydryl groups. Likewise, PEG reagents containing
amino, hydrazine or hydrazide groups are useful for
reaction with aldehydes generated by periodate oxidation

25 of carbohydrate groups in proteins.

| It is an object of the present invention to
provide a factor causing growth of early hematopoietic
progenitor cells. '

30 Summary of the Invention

According to the present invention, novel
factors, referred to herein as "stem cell factors" (SCF)
having the ability to stimulate growth of primitive

35 progenitors including early hematopoietic progenitor
cells are provided. These SCFs also are able to



- 5- therefore elicit relatively -short-lived pharmacol ogica

activity. Consequently, -frequent injections of relatively | arge doses
of bioactive proteins may be required to sustain therapeutic efficacy.
Proteins 5 nodified by the coval ent attachment of water-sol uble

pol ymers such as pol yet hyl ene gl ycol, copol yners of . pol yet hyl ene gl ycol
and pol ypropyl ene gl ycol, car boxynmethyt+ cel |l ul ose, dextran, polyvinyl
al cohol , pol yvi nyl pyrrolidone or polyproline are known to exhibit 10

substantlally | onger half-lives in bl ood follomkﬁa I nt ravenous
i nj ection than shininkater nespoerd fRPoiet imAS@EN iced I uaima s ARdfnski et

al., In: "EnzydEsnade1ls gﬁég$r1m GANRRIGh @lted cel8dS. Such factors
VVIey I nt ersci ence, NY, 367-383 (1981), hbmnark et al., J.
Appl . 15 Bi ochemc14m1%5pk189f{a@)mtu%ﬁ%&n@ﬁ%ﬂéﬂ“& stes Gellnat | Acad.
Sci. USA 84, 148{addPd. (198d) Invéiueion als®dicliatals ars dw:@tsﬁaﬂqr-ease
the protein' s sol ubi | | solutian, eli.gnate a regatlon

enhance the 3 O%ﬁWEFb%g aﬂbyeﬁ%%ﬂ€ %EPE&Q|ﬁﬁfWﬁ AHE HEREIT"%and 20
greatly reduce $befistenoigndepl ycanidreamtsi gavaitciafy rtafturalltyh-@qmrrt:am'g As a

result, .the desired |n1¥0¥§ﬁﬁor pé Oéﬂ%&?gs%%ts'sl‘i'ow dBY, ?xee r?%vy Ollr;:y t he

adni ni stration dfBuEH Fotern adducts
| ower doses thabiodlogicad emm-)'dHYle TR gUIR1divn occurring stem C;ﬁlt]achnent

of polyethylenesglyspl (PEQ to proteins is particularly useful because
PEG has verf | ow toxicity in nannalsréz rpenter et al Toxi_cal Appl .
Pharmacol .,1Q8, 35-40 (1971§]PreERntexdhin PaG0 provides iZolated

DNA sequences for use in securing expression in
procaryotic or eukaryotic host cells of polypeptide
products having amino acid sequences sufficiently
duplicative of that of naturally-occurring stem cell

15 factor to allow possession of a hematopoietic biological
activity of naturally occurring stem cell factor. Such
DNA sequences include: '

(a) DNA sequences set out in Figures 14B,
14C, 15B, 15C, 42 and 44 or their complementary strands;

20 (b) DNA sequences which hybridize to the DNA
sequences defined in (a) or fragments thereof; and

(c) DNA sequences which, but for the
degeneracy of the genetic code, would hybridize to the
DNA sequences defined in (a) and (b}).

25 " Also provided are vectors containing such DNA
sequences, and host cells transformed or -transfected
with such vectors. Also comprehended by the invention
are methods of producing SCF by recombinant techniques,
and methods of treating disorders. Additionally,

30 pharmaceutical compositions including SCF and antibodies
specifically binding SCF are provided.

The invention also relates to a process for
the efficient recovery of stem cell factor from a
material containing SCF, the process comprising the

35 steps of ion exchange chromatographic separation and/or
reverse phase.liquid chromatographic separation.



30 adduct of adenosi ne deam nase was approved in the United States for

use in humans for the treatnent of severe conbi ned i nmunodefi ci ency
syndronme. A second advant age afforded by the conjugation of PEG is that
of effectively reducing the i munogenicity and antigenicity 35 of

het er ol ogous proteins. For exanple, a PEG adduct of a -human protein

m ght be useful for the treatnment of - 8 - .

- 6- di sease in other mammalian species w thout the risk of

triggering a severe inmune, respons ol ymers such as PEG may

nse. . ] Pol yn
be conveniently att achBl PHEBRRE o} YRR I AHIX P I IESA d resi dues in
5 a protein suchiadoglieadlphacedvecaddwey fvide prolged id &FfgdHal am no
acid, the epsiIBn %qﬁngugrogps ﬁf Igiine si de chai.ns, the 3urfhydryl
groups of cysteff&rsitaée and gaiaaceqd potenqy, i RAMRAIS o CORRFAHT NG and
gl ut anyl si 8EFckavaienthe abphagaedoeyla gramer -aolubd eCpYdr 10
termnal am.go ggig. LY ﬁ§g3€h§ig§eq€ﬁ%55i & dd olyme%%tl ated derivatives
of glycosyl chains attathed to certain asparagi‘ne, s&i ne or threonine
resi dues. polyethylprpfedbrcohcand RalyHrepys esfe REI@cH,t athlex int

di rect reactiongwiBhpBlghet Ngs haysuheen Aesr dedns1a euted W REQ rEagent s
for reaction “‘&Qt rS%eLTk? S?oup. Another aspect of this i - §
nvention
resides in a process for preparing the adduct described
10 above, comprising reacting the SCF with a water-soluble
polymer having at least one terminal reactive group and
purifying the resulting adduct to produce a product with
extended circulating half-life and -enhanced biological
activity.
15 i
Brief Description of the Drawings

Figure 1 is an anion exchange chromatogram
from the purification of mammalian SCF.
20
Figure 2 is a' gel filtration chromatogram from
the purification of mammalian SCF.

- Figure 3 is a wheat germ agglutinin-agarose
25 chromatogram from the purification of mammalian SCF.

Figure 4 is a cation exchange chromatogram
from the purification of mammalian SCF.

30 . : Figure 5 is a C, chromatogram from the
purification of mammalian SCF.

Figure 6 shows sodium dodecyl sulfate (SDS)~-
polyacrylamide gel electrophoresis (PAGE) (SDS-PAGE) of
35 C, column fractions from Figure 5. .



groups include active esters of carboxylic acid or car bonat e
derivatives, particularly those in which the | eavi ng groups are
N- hydr oxysucci ni mi de, p-nitrophenol, i m dazol e or
| - hydr oxy- 2-ni tr obenzene-4-sul fonate. PEG 20 derivatives containing
mal ei m do or hal oacetyl groups are useful reagents for the nodification
of protein free sul fhydryl groups. EiRewi se, PEG reagents containing
am no, hydrazine or hydrazi de groups are useful for reaction with
al dehydes generated by periQdate gxjdation 25 of carbohydrate groups in
prot ei ns. _ 1t FRguaR gb}%&" ANl iGads St ShFeatgT amo of
provide a factormgmmalagngsgeth of early hemat opoietic pr ogeni t or
cells. 30 Summary of the Invention . According to the
present invention, novel factors, referred to herein as "stem cel
factors" (SCF) havi ng Fliguabi 8i $lyows SOS+RAGHE e fgioQwick latnp Firaictiivas35
progenitors igucl yding emat opoi eti ¢ progenitor cells are
provi ded. Thege ggé@ gﬁggkér2°able to _
-7- )

Figure 9 shows SDS-PAGE of purified mammalian

SCF and deglycosylated mammalian SCF,

10 Figure 10 is an analytical C, chromatogram of
purified mammalian SCF.

‘Figure 11 -shows the amino acid sequence of
mammalian SCF derived from protein sequencing.

15
Figure 12 shows ,
A. oligonucleotides for rat SCF cDNA
B. oligonucleotides for human SCF DNA
C. universal oligonucleotides.

20

Figure 13 shows
A. a scheme for polymerase chain reaction
(PCR) amplification of rat SCF cDNA
B. a scheme for PCR amplification of human
25 SCF cDNA.

Figure 14 shows
A. sequencing strateqgy for rat genomic DNA
B. the nucleic acid sequence of rat
30 genomic DNA. '
C. the nucleic acid sequence of rat SCF cDNA
and amino acid sequence of rat SCF protein.

35



stimul at e non- hemat opoi etic stemcells such as neural stemcells and
prinordial germstemcells. Such factors i nclude purified .
natural l y-occurring stem cell factors. The invention also relates to
non-naturally- 5 occurring polypeptides having am no aci d sequences
sufficiently duplicative of that of naturally-occurring stem cel
factor to all ow possession of a hematopojgtic.  biological activity of
naturally occurring stem cell factor. 10 The present

i nvention al so provides isol ated DNA sequences for use in securing
expression in procarypigarerleukiasysti c host cells of pol ypeptide-

products havi ng am no aci n n L ive of that
of naturally-occurring st ﬁ1cg#§ §§§?§§%% fé? g% %5§%Hﬂ¥2g§%%% of a
hemat opoi eti c bgehogiicaPNA  activity of naturally occurring stem cel

factor. Such DNA sequ nceﬁggnﬁéggglﬁzaCI sequen??fé@ Ads sequences set

out in Figures 14B, 447 or elr conpl enentary
strands; 20 5 genomic PHP DNA sequences which hybridize to the DNA

sequences defined in (a) er fEﬁS”BB&ﬁo&b@éeﬁﬁeléﬂQ acid sequence 6g) DNA

sequences which, but faor the ner ac of the gene ode,  wpul d
hybri di ze to t hBuman SGR §Bﬂﬁeﬁ8€sa é??néﬂ nsfﬁﬂe%%ﬁ ? )§C§5Prét81“'
Al so provided are vectors containing such DNA sequences and host cells

transforned or transfected, Lk h C t nded by the
i nvention are-nethodsgépuﬁﬁg%éc?ﬁéwgcgg%ygig %ﬁ%lnan tec %lques
and met hods10f segaencgsdiefohdsas, ndokeyonddgy, mSOsSphaandicrati cal

conposi tions ingbgdbggt§$ﬁ and anti bodi es specifically binding SCF are
provi ded. e invention also relates to a process for

Figure 17 shows the structure of mammalian
cell expression vector V19.8 SCF.
15 .
-Figura 18 shows the structure of mammalian CHO
cell expression vector pDSVE.1l.

Figure 19 shows the structure of E. coli
20 expression vector pCFM1156.

Figure 20 shows
A. a radioimmunoassay of mammalian SCF
_ B. SDS-PAGE of immune-precipitated
25 mammalian SCF. '

'Figure 21 shows Western analysis of
- recombinant human SCF.

30 " Figure 22 shows Western analysis of
recombinant rat SCF.

Figure 23 is a bar graph showing the effect of
COs-1 cell-producéd recombinant rat SCF on bone marrow
35 transplantation.



the efficient recovery of stemcell factor froma mat eri al contai ni ng
SCF, the process conprising the 35 steps of ion exchange chronmat ographic

separation and/ or reverse phase |iquid chromatographi c separation.
-8 The present invention also provides a .
blologlcally active adduct having proIoand in vivo hal f-1ife and

enhanced potency in mammal s, conprising SCF covalently conjugated to a
wat er - sol ubl e polynmer 5 such as pol yet hyl ene gl ycol or copolyners of

pol yet hyl ene gl ycol and pol_ypropylene ql I Wﬂ;r 3! r.is
unsubstituted or substit ut gggﬁfgokg %m%‘yct%%et eg% ﬁfkflecé’ ﬁ%ﬁycﬁaﬁ%r
aspect of this igeenbnokuringr ¢hedeactocyt im coess af @f [Steedr mige.he adduct
descri bed 10 above, conprising reacting the SCF with a water-soluble

pol ymer having at |east one terminal reactive group and purifying the

resul ting adduct to produc&igupeodbcshets the penipheded sihide Hlioeg

nalf-life gndsef‘@@'ﬁeéo@n@ QwBed of stééiiniide/ trbted WBthel edRaHinaon of
rat SCF.

Figure 26 shows the platelet counts of Steel
mice treated with recombinant rat SCF.
10
Figure 27 shows the differential WBC count for
Steel mice treated with recombinant rat scFrl~164 ppgas,

Figure 28 shows the lymphocyte subsets for
15 Steel mice treated with recombinant rat SCF1'154 PEG2S.

Figure 29 shows the effect of recombinant
human sequence SCF treatment of normal primates in
increasing peripheral WBC count. '

20
Figure 30 shows the effect of recombinant
human sequence SCF treatment of normal primates in
increasing hematocrits and platelet numbers.
25 Figure 31 shows photographs of
A. human bone marrow colonies.stimulated.by
recombinant human SCF1~162
B. Wright-Giemsa stained cells from colonies
.in Figure 31 A. .
30

Figure 32 shows SDS-PAGE of S-Sepharose column
fractions from chromatogram shown in Figure 33
A. with reducing agent
B. without reducing agent.
35



Figure 1 is an anion exchange chromat ogram fromthe purificatibn of

manmmal i an SCF. 20 Figure 2 is a gel filtration chronmatogram
from the purification of mammalian SCF. Figure 3 is a
wheat germ aggl uti ni n-agarose 25 chromatogram fromthe purification of
manmmal i an SCF. : Figure 4 is a cation exchange chromat ogram
fromthe purification of mammlian SCF 1238 . Figure 5is a .
Cerr] chromatogram fromthe purification of manmalian SCF

Figure 6 shows sodi um dodecyl sulfate (SDS)- - polyacryl am de gel

el ectrophoresis (PAGE) (SBsapreEp3ois3s chrertedtamrf raet $oASPRAEMSE gure

5. column of E. coli derived refombinant human SCF.

Figure 34 shows SDS-PAGE of C, column
5 fractions from chromatogram showing Figure 35

A. with reducing agent

B. without reducing agent.

Figure 35 is a chromatogram of a C, column of
10 E. coli derived recombinant human SCF.

Figure 36 is a chromatogram of a Q-Sepharose
column of CBO derived. recombinant rat SCF.

15 ' . Figure 37 is a chromatogram of a C, column of
CHO derived recombinant rat SCF.

Figure 38 shows SDS-PAGE of C4 column
fractions from chromatogram shown in Figure 37.
20 '
Figure 39 shows SDS-PAGE of purified CHO
derived recombinant rat SCF before and after
de-glycosylation. '

25 Figure 40 shows
A.' gel filtration chromatography of
recombinant rat pegylated scFl~164 reaction mixture
B. gel filtration chromatography of
recombinant rat SCF}~164, unmodified. :
30 - _
" Figure 41 shows labelled SCF binding to fresh
ieukemic blasts.

Figure 42 shows human SCF cDNA sequence
35 obtained from the HT1080 fibrosarcoma cell line.



Figure 7 is an analytical C4 chromatogram of mammal i an SCF
Figure 8 shows SDS-PAGE of (Jerr] colum fractions 5 fromFigure 7.

Figure 9 shows SDS-PAGE of purified mamal i an SCF and degl ycosyl at ed
manmal i an SCF. 10 Figure 10 is an analytical C4 chromat ogram
of ~ purified manmal i an SCF. Figure 11 -shows the am no
aci d sequence of manmal i an SCF deriLved from protei n sequencing. 15
Figure 12 shows A. oligonucleotides for rat SCF cDNA

B. oligonucl eotides for human SCF DNA C. universa

ol i gonucl eoti des. 20 Figure 43 Ehﬁu%eaﬁ3a§B@M§dlogra h from cOs-3
schene for polynerase “chai n Teaction §§% qsllflca Lon of rat SCF
cDNA eliF SXRIARTANG HUTPERSERDI I f1 cBRY IR ChthBnS 3BT ©88ANEDNA

Figure 14 shows human Scrl=164,

5 Figure 44 shows human SCF cDNA sequence
obtained from the 5637 bladder carcinoma cell line.

Fiqure 45 shows the enhanced survival of
irradiated mice after SCF treatment.

10
Figure 46 shows the enhanced survival of
irradiated mice after bone marrow transplantation with
5% of a.femur and SCF.treatment.
15 Figure 47 shows the enhanced survival of

irradiated mice after bone marrow transplantation with
0.1 and 20% of a femur and SCF treatment.

Numerous aspects and advantages of the
20 invention will be apparent to those skilled in the art
upon consideration of the following detailed description
which provides illustrations of the practice of the
invention in its presently-preferred embodiments.

25 Detailed Description of the Invention

According to the present invention, novel stem
cell factors and DNA sequences coding for all or part of
such SCFs are provided. The term "stem céll factor" or

30 "SCF" as used herein refers to naturally-occurring SCF
(e.g. natural human SCF) as well as non-naturally
occurring (i.e., different from naturally occurring)
polypeptides having amino acid sequences and
glycosylation sufficiently duplicative of that of

35 naturally-occurring stem cell factor to allow possessxon
of a hematopoietic biological activity of naturally-



A. sequencing strategy for rat genom c DNA B. the nucleic

aci d sequence of rat 30 genom c DNA. C. the nucleic acid
sequence of rat SCF cDNA and am no aci d sequence of rat SCF protein
35 - 10 - Figure 15 shows
A. the strategy for sequenci ng human enom ¢ DNA B. the
nucl ei ¢ acid sequence of human 5 genoﬁig4DNA' C. the
conposite nucl eic acid sequence of human SCF cDNA and ami no acid

sequence of SCF

LN, Fi 16 sh h | '
acid 10 sequenc%gég%g-haﬁaﬁf:eﬂbﬁﬁé)]/, faSE}?rmI)u t_‘rée,em ant gaCéoregaé g’%ﬁ?? "

10

15

20

25

30

35

ability to stimulate growth of early hematopoietic
progenitors which are capable of maturing to erythroid,
megakaryocyte, granulocyte, lymphocyte, and macrophage
cells. SCF treatment of mammals results in absolute
increases in hematopoietic cells of both myeloid and
lymphoid lineages. One of the hallmark characteristics
of stem cells is their ability to differentiate into
both myeloid and lymphoid cells [Weissman, Science, 241,
58-62 (1988)1. Tieatment of Steel mice (Example 8B)
with recombinant rat SCF results in increases of

granulocytes, monocytes, erythrocytes, lymphocytes, and
platelets. Treatment.of normal primates with
recombinant human SCF results in increases in myeloid

and lymphoid cells (Example 8C).

There is embryonic expression of SCF by cells
in the migratory pathway and homing sites of
melanoblasts, germ cells, hematopoietic cells, brain and
spinal chord. _

Early hematopoietic progenitor cells are.
enriched in bone marrow from mammals which has been
treated with S-Fluorouracil {5-FU). The
chemotherapeutic drug 5-FU selectively depletes late
hematopoietic progenitors. SCF is active on post 5-FU
bone marrbw.

The biological activity and pattern of tissue
distribution of SCF demonstrates its central role in
embryogenesis and hematopoiesis as well as its capacity
for treatment of various stem cell deficiéncies.

The present invention provides DNA sequences
which include: the incorporation of codons "preferred"
for expression by selected nonmammalian hosts; the
provision of sites for cleavage by restriction
endonuclease ehzymes; and the provision of additional -
initial, terminal or intermediate DNA sequences which
facilitate construction of readily-expressed vectors.



Figure 17 shows the structure of .manmalian cell expression vector V19.8

SCF. 15 Figure 18 shows the structure of mammalian CHO

cel |l expression vector pDSVE.I. Figure 19 shows the
structure of E. coli 20 expression vector pCFML156. Fi gure
20 shows A. a radioi munoassay of nammal i an SCF

B. SDS- PAGE of inmmune-precipitated 25 Tak¥rati an SCF. Fi gure
21 shows Western anal ysis of reconb|nant hunman SCF 30

Fi gure 22 shows Western anal ysis .0 reconbfgant

Figure 23 is a B&e @E&ﬁﬁn§hbﬁﬁﬁ§tfﬂ% RisRcproyide Qﬁi;%?%%ﬁﬂciﬁcﬁﬁﬁbﬂg
recombi nant rat £3eF polypeneider aanldgs t 6ANG@t tvdaivem.of SCF which

differ from naturally-occurring forms in terms of the
identity or location of one or more amino acid residues

S (i.e., deletion analogs containing less than all of the
residues specified for SCF; substitution analogs, wherein
one or more residues specified are replaced by other
residues; and addition analogsmﬁherein one or more amino
acid residues is added to a terminal or medial portion of

10 the polypeptide) and which share some or all the
properties of naturally-occurring forms. The present
invention spécifically provides DNA sequences encoding
x£he full length unprogessed amino acid sequence as well
as DNA sequences encoding the processed form of SCF.

15 . Novel DNA sequences of the invention include
sequences useful in securing expression in procaryotic
or eucaryotic host cells of polyéeptide products having
at least a part of the primary structural-éonformation -
and one or more of the biological properties of

20 naturally-occurring SCF. DNA sequences of the invention
specifically comprise: ({a) DNA sequences set forth in
Figures 14B, 14C, 15B, ;SC) 42 and 44 or their
complementary strands; (b) DNA sequences which hybridize
(under hybridization conditions disclosed in Example 3

25 or more stringent conditions) to the DNA sequences in
Figures 14B, 14C, 15B, 15C, 42, and 44 or to fragments
thereéf; and (c) DNA sequences which, but for the
degeneracy of the genetic code, would hybridize to the
DNA sequences in Figures 14B, 14C, 15B, 15C, 42, and

30 44. Specifically comprehended in parts (b) and (c) are
genomic DNA sequences encoding allelic variant forms of
SCF and/or encoding SCF from other mammalian species,
and manufactured DNA sequences encoding SCF, fragments
of SCF, and analogs of SCF. The DNA sequences may

35 incorporate codons facilitating transcription and
translation of messenger RNA in microbial hosts. Such



Figure 24 shows the effect of reconbinant rat SCF on curing the

macrocyti c anem a of Steel m ce. Fi gure 25 shows the

peri pheral white blood 5 cell count (WBC) of Steel mice treated with

r econbi nant rat SCF. Figure 26 shows the platelet
counts of Steel mce treated wth reconbi nant rat SCF. 10

Figure 27 shows the differential WBC coant8f &r - Steel mce treated with
reconbi nant rat SCF1 164 PEG25. ' _Figure 28 shows the

| ynphocyt e subsets fo 5 mce treated r econbi pant t SCF[err]
PEos agtyred Shailiies' pAC EpreblyoPETERBREFRGREE " human
sequence SCF treaa¢mnmdrﬁgrtnruﬂe[meuhmﬁssoanltonlmtrehs;ngcpepuphéshédWBC
count. 20 ’ the effect of reconbi nant. human
sequence SCF trea?%n%caﬁc%gr@afé% ri (ré\gt%es in

According to another ‘aspect of the present
5 1nventlon, the DNA sequences described herein which
encode polypeptides having SCF activity are valuable for
the information which they provide concerning the amino |
acid sequence of the mammalian protein which have _
heretofore been unavailable. The DNA sequences are also

10 wvaluable as products useful in effecting the large scale
synthesis of SCF by a variety of recombinant
techniques. Put another way, DNA sequences provided by
the invention are useful in. generating new and useful
viral and circular plasmid DNA vectors, new and useful

15 transformed and transfected procaryotic and eucaryotic
host cells (including bacterial and yeast cells and
mammalian cells grown in culture), and new and useful
methods for cultured growth of such host cells capable
of expression of SCF and its related products.

20 DNA sequences of the invention are also
suitable materials for use as labeled probes in
isoclating human genomic DNA encoding SCF and other genes
for related proteins as well as cDNA and gencmic DNA "
sequences of other mammalian species. DNA sequences may

25 also be useful in various alternative methods of protein
synthesis (e.g., in insect cells) or in genetic therapy
in humans and other mammals. DNA sequences of the
invention are expected to be useful in developing

, transgenic mammalian species which may serve as

30 eucaryotic "hosts" for production of SCF and SCF
products in quantity. See, generally, Palmiter et al.,
Science 222, 809-814 (1983).

The present invention provides purified and
isolated naturally-occurring SCF (i.e. purified from

35 nature or manufactured such that the primary, secondary
and tertiary conformation, and the glycosylation pattern




I ncreasi ng hematocrits and pl atel et nunbers. 25 Figure 31

shows phot ographs of A.  human bone marrow col oni es

stinul ated by reconbi nant human SCF[ err] B. Wight-G ensa
~stained cells from col oni es in Figure 31 A 30 Fi gure 32

shows SDS- PAGE of S-Sepharose col umm fractions from chromat ogram shown
“in Figure 33 | A. with reddctdg agent B. without

reduci ng agent. 35 - 12 -
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colum 5 fractdonsof+manutyldmtcagpuamisgopphypfpyiudes3baving a primaryA

wi th reducing E“ﬁ%?uctural conformation (i.e., continuous sequence of
amino acid residues) and glycosylation sufficiently

S duplicative of that of naturally occurring stem cell
factor to allow possession of a hematopoietic biological
activity of ‘naturally occurring SCF. Such polypetides
include derivatives and analogs.

In a preferred embodiment, SCF is

10 characterized by being the product of procaryotic or
eucaryotic host expression (e.g., by bacterial, yeast,
higher plant, insect and mammalian cells in culture) of
.exogenous DNA sequences obtained by genomic or cDNA
cloning or by gene synthesis. That is, in a preferred

15 embodiment, SCF is "recombinant SCF." The products of
expression in typical yeast (e.g., Saccharomyces

cerevisiae) or procaryote (e.g., E. coli) host cells are
free of association with any mammalian proteins. The
products of expression in vertebrate [e.g., non-human
20 mammalian (e.g. COS or CHO) and avian] cells are free of
association with any'human'proteins. Depending upon the
host employed, polypeptides of the invention may be
glycosylated with mammalian or other eucaryotic )
. carbohydrates or may be non-glycosylated. The host cell
25 can be altered using techniques such as those described
in Lee et al., J. Biol. Chem. 264, 13848 (1989) hereby
incorporated by reference. Polypeptides of the
invention, may-also include an initial methionine amino
acid residue (at position -1). '
30 In addition to naturally-occurring allelic
forms of SCF, the present invention also embraces other
SCF products such as polypeptide analogs of SCF. Such
analogs include fragments of SCF. Following the
procedures of the above-noted published application by
35 Alton et al. (WO 83/04053), one can readily design and
| manufacture genes coding for microbial_expression of



B. wi thout reducing agent. Flgure 35 is a chromat ogram of a
C4 columm of 10 E. coli derived reconblnant human SCF.

Figure 36 is a chromatogram of a 0-Sepharose colum of CHO derived
reconbi nant rat SCF. 15 Figure 37 is a chromatogram of a
Clerr] colum of CHO derived recorbiygant rat SCF.

Figure 38 shows SDS-PAGE of C4 colum fractions from chromat ogram shown
in Figure 37.. 20 ) Figure 39 shows SDS- PAGE of purified CHO
derived reconbi peiypept iS€E beﬁ@ne pninafyt @onformasiginge odyiicht iddiffer 25

Figure 40 shows g, o that h ?@ lflcf@%&'QQ QQE&@ang&ﬁﬂhﬁd@htlty
§&Eferr Feaction mixture B. “gel

reconbi nant rat pe
filtration chro®at 3@@5?%9“0?15 oner Qg g end4s LAYESSEL§rr], unnodified. 30
Figure 41 shows ¢ 3aglilted 196k, bltedinmai medr aslt e rmedli Qe §idE iflid®sS and
Fi gure 42 shoms human SCF cDNA seque
deletions). Altetnately, modifications of cDNA and .
genomic genes can be readily accomplished by well-known
site~-directed mutagenesis techniques and employed to
generate analogs and derivatives of SCF. Such products
share at least one of the bioclogical properties of SCF
10 but may differ in others. As examples, products of the
invention include those which are foreshortened by e.g.,
deletions; or those which are more stable to hydrolysis
(and, therefore, may have more pronounced or longer-
lasting effects than naturally-occurring); or which have
15' been altered to delete or to add one or more potential
'sites for O-glycosylation and/or N-glycosylation or
which have one or more cysteine residues deleted or
replaced by, e.g., alanine or serine residues and are
potentially more easily isolated in active form from
20 microbial systems; or which have one or more tyrosine
residues replaced by phenylalanine and bind more or less
readily to target proteins or to receptors on target
cells. Also comprehended are polypeptide fragments
duplicating only a part of the continuous amino acid.
25 sequence or secondary conformations within SCF, which
fragments may possess one property of SCF (e.g.,
receptor binding) and not others (e.g., early
hematopoietic cell growth activity). It is noteworthy
that activity is not necessary for any one or more of
30 the products of the invention to have therapeutic
utility [see, Weiland et al., Blut, 44, 173-175 (1982))
or utility in other contexts, such as in assays of SCF
antagonism. Competitive antagonists may be quite useful
in, for example, cases of overproduction of SCF or cases
35 of human leukemias where the malignant cells overexpress
receptors for SCF, as indicated by the overexpression of
SCF -receptors in leukemic blasts (Example 13).



35 obtained fromthe HT1080 fi brosarcoma cell 1ine.

- 138 -

Figure 43 shows an autoradi ograph from COS-7 cells

expressing human SCF[err] and CHO cel | s expressing human SCF[ err]

Fi gure 44 shows human SCF cDNA sequence

5

obtained fromthe 5637 bl adder

carci noma cell line. Fi gure_ 45 shows the enhanced survival
of irradiated mice after SCF treatmehi. ' Fi gure 46
shows the enhanced survi val of |rrad|ated m ce after bone marrow

Lfgﬂfgligtgﬁéag rL;henhanégg 3& g“ibgydm§9? #%ﬁgéfégén?%%féﬁ? ot %%%

‘marrow transpl aitnatdnyion tdre repdrisanl 208 uﬂmmnCD?emgjxcahdeEFettEamﬁrent :
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synthetic peptides which -substantially duplicate the
amino acid sequence'extant in naturally-occurring
proteins, glycoproteins and nucleoproteins. More
specifically, relatively low molecular weight
polypeptides have been shown to participate in immune
reactions which are similar in duration and extent to
the immune reactions of physiologically-significant
proteins such as viral antigens, polypeptide hormones,
and the iike. Included among the immune reactions of

such polypeptides is the provocation of the formation of

specific antibodies in immunologically-active animals
[Lerner et al., Cell, 23, 309-310 (1981); Ross et al.,
Nature, 294, 654-656 (1981); Walter et al., Proc. Natl.’
Acad. Sci. USA, 77, 5197-5200 (1980); Lerner et al.,
Proc. Natl. Acad. Sci. USA, 78, 3403-3407 (1981); Walter
et al., Proc. Natl. Acad. Sci. USA, 78, 4882-4886
{1981); Wong et al., Proc. Natl. Acad. Sci. USA, 79,
5322-5326 (1982); Baron et al., Cell, 28, 395-404
(1982); Dressman et al., Nature, 295, 185-160 (1982);
and .Lerner, Scientific American, 248, 66-74 (1983)].
See, also, Kaiser et al. (Science, 223, 249-255 (1584)]
relating to biological and immunological properties of

synthetic peptides which approximately share secondary
structures of peptide hormones but may not share their
primary structural conformation. '

The present invention also includes that class
of polypeptides coded for by portions of ‘the DNA
complementary to the protein- coding strand of the human
CDNA or geﬁomic DNA sequences of SCF, i.e., '
"complementary inverted proteins" as described by
Tramontano et al. [Nucleic Acid Res., 12, 5049-5059
(1984)].

Representative SCF polypeptides of the present:
invention include but are not limited to SCFY~148,



Nuner ous aspects and advantages of the 20 invention w ||

be apparent to

those skilled in the art upon consi deration of the follow ng detailed
description whi ch provides illustrations of the practice of the
invention in its presently-preferred enbodi ments. 25 Detail ed Description
of the Invention Accor di to the present invention, novel
stem cell factors and DNA sequences ding for all or part of such
SCFs are provided. The term' sten1ce|| factor" or 30 "SCF' as used herein

refers to naturglby- QGQUY%&?Q ' %F?iii&ﬁ dleMQEBn SER). A%

e Seb” naoeni HhP ponde - E81 Sor b Ehand gl

IIyo&wrnnﬁ
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possessi on a hemat op6i ef'i ¢ bi of ogi cal act|V|ty of
- 14 - Figure 44.

natural |l y-

5 SCF can be purified using techniques known to

‘those skilled in the art. The subject invention

comprises a method of purifyiﬁg SCF from an SCF

containing material such as conditioned media or human

urine, serum, the method comprising one or more of steps

10 such as the following: subjecting the SCF containing

material to ion exchange chromatography (either cation

or anion exchange chromatography); subjecting the SCF

containing material t¢ reverse phase liquid

chromatographic separation involving, for

example, an

15 immobilized Cy4 or Cq resin; subjecting the fluid to
immobilized-lectin chromatography, i.e., binding of SCF

to the immobilized lectin, and eluting with the use of a

sugar that competes for this binding. Details in the

use of these methods will be apparent from the

20 descriptions given in Examples 1, 10, and

11 for the

purification of SCF. The techniques described in

Example 2 of the Lai et al. U.S. patent 4,
hereby incorporated by reference are also
purifying stem cell factor.

867,016,
useful in

25 Isoforms of SCF are isolated using standard

techniques such as the techniques set forth in commonly
owned U.S. Ser. No. 421,444 entitled Erythropoietin
Isoforms, filed October 13, 1989, hereby lncorporated by

reference.

30 Also comprehended by the invention are

pharmaceutical compositions comprising therapeutically

effective amounts of polypeptide products
invention together with suitable diluents,
preservatives, solubilizers, emulsifiers,
35 and/or carriers nseful in SCF therapy. A

of the

adjuvants

“therapeutically effective amount" as used herein refers



occurring stemcell factor. Stemcell factor has the ability to
stinulate growh of early henmatopoietic progenitors which are capabl e
of maturing to erythroid, megakar yocyte, granul ocyte, |ynphocyte, and
macrophage 5 cells. SCF treatnent of manmals results in absolute

I ncreases in hematopoietic cells of both nyeloid and | ynphoi d | i neages.
One of the hallmark characteristics =~ #bf stemcells is their ability to
differentiate into both nyeloid and | ynphoid cells [Wissnan, Science,
241, 10 58-62 (1988 Tr eat t
reconbi nant rat cgh%éSLﬂ?%“ﬁﬁﬂﬁﬁ%}gﬁggégg% glEﬁeé%%g$Pl§t€§%e%%n€§4tgs
erythrocytes, |gipéocgoeditionl and apmanesbtsthnea@gmmnnof el pri mat es
wth reconb%@g&py e "GYYINS bR LYEERAPEDEd o IVSLREfly 19e and

| ynphoid cells ryoni ¢ expression of
SCF by cells driadtf\@rxml reians asd: ARGYUERAIIhbRERES PE ceapious

mel anobl ast s gL EESE! bSnt EREBEORDI, etrlrciscaths. Qé@t@téiﬂdphospﬁé)té‘ﬂ fsﬁord

20 Earl y_ hepmat opoi eti C pr%q enrich bone
marrow from man?rﬁ@sl%?"éhs BN ad tt"?’Eét §H°W ??1 %lk?—‘l“ﬁrb‘?‘ folvig a%ﬂaES“ FU) .
The chenot hep apeet ent didgpiptidnsebesuifatys de@éeesgemas e(e.g.,

hemat opoi eti c péggggg%g %%e%iléf %ﬁFI 18”?995tb§15 %b NE, [ OW.

The bi ol ogi cal €rn |ssue 1on of SCF
denonstrates itsotebiliakinglagénts (e. enbryégeﬁegls B@&U¢kh&&%@©iesis as

vell as 'tslsapﬁf%xl , a1f19:{ $:Efc?§d’6%m(e05 vaageaﬁb%ea&f&l |s&@f ik enCI es.

30 I nvention provid DNA se uences whi
i nclude: the |ﬁ€§ﬁbb$§lﬁbﬁebf EiﬂﬁﬂﬁyatﬁVBFeKFeﬂ"' 1?%#°%&%re§%?6ﬁlby
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of polymers such as polyethylene glycol to the protein

15 (described in Example 12 below), complexation with metal
ions, or incorporation of the material into or onto
particulate preparations of polymeric compounds such as
polylactic acid, polglycolic acid, hydrogels, etc. or
into liposomes, microemulsions, micelles, unilamellar or

20 multilamellar vesicles, erythrocyte ghosts, or
‘spheroplasts. Such compositions will influence the
physical state, solubility, stability, rate of in vivo
release, and rate of in vivo clearance of SCF. The
choice of composition will depend on the physical and

25 chemical properties of the protein having SCF
activity. For example, a product derived from a
membrane-bound form of SCF may require a formulation
containing detergent. Controlled or sustained release
éompositions include formulation in lipophilic depots

30 (e.g., fatty acids, waxes, oils). Also comprehended by
the invention are particulate compositions coated with
polymers (e.g., poloxamers or poloxamines) and SCF
coupled to antibodies directed against tissue-specific
receptors, ligands or antigens or coupled to ligands of

35 tissue-specific receptors. Other embodiments of the
compositions of the invention incorporate particulate



35 initial, termnal or internedi ate DNA sequences which facilitate
construction of readily-expressed vectors. The present

i nvention al so provi des DNA sequences codi ng for pol ypeptide anal ogs or
derivatives of SCF which differ fromnaturally-occurring fornms in terns
of the identity or location of one_orsymre anmno acid residues S (i.e.,
del etion anal ogs containing |less than all of the resi dues specified for
SCF; substitution anal ogs, wherein one or ,nore residues specified are

repl aced by othedrms, pestébiesie ahtAdst,| ProdeakegsnWiBLebhs08e Or nore

am no acid residmes |sI§gded toFg term.nal_ ar Eedia% portion of 10 the
pol ypeptide) arREIPEXH ShFPAUHE or-CF1 IVAFHEYS TOBFEPePti es of

nat ural | y- occuradmin { ot nst idihe jrredsseiiing parientemtilonpapmondtgal hys@rovi des
DNA sequences enc dip L - She full l'ength unprocessed am no acid sequence
as well as %e%uénces encodi ng the processed formof SCF. 15

Novel DNA seqjuences of t HBhé nivgritden rdlsgdeomprisequenmpesusidns in

securing expr eSEl O Pl & Y0 Mdre addli 184a1! HehhEoPasE: £EI F2clrs
pol ypepti de products havi ng at least a part of _th rimary structural
conformation Sueh@InEPYr Gt oCH S i GﬁggﬂcaFLbFongf?es¥bT320
natural | y-occurying, Stif~s, -eeqsmGesres,t Ie-Bpventiop 1L-11, I1Gr-I,

or LIF (Leukemic Inhibitory Factor).

10 Polypeptides of the invention may be "labeled®
by association with a detectable marker substance (e.gq.,
radiolabeled with 1251 or biotinylated) to provide
.reagents useful in detection and quantification of SCF
or its receptor bearing cells in solid tissue and fluid

15 samples such as blood or urine.

Biotinylated SCF is useful in conjunction with
immobilized streptavidin to purge leukemic blasts from
‘bone marrow in autologous bone marrow transplantation.
Biotinylated SCF is useful in conjunction with

20 immobilized streptavidin to enrich for stem cells in
autologous or allogeneic stem cells in autdlogous or
éllogeneic bone marrow transplantation. Toxin
conjugates of SCF, such as ricin [Uhr, Prog. Clin. Biol.
Res. 288, 403-412 (1989)] diptheria toxin {Moolten,

25 J. Natl. Con. Inst., 55, 473-477 (1975)], and
radioisotopes are useful for direct anti-neoplastic

therapy (Example 13) or as a conditioning regimen for.
bone marow transplantation.
Nucleic acid products of the invention are
30 useful when labeled with detectable markers {such as
radiolabels and non-isotopic labels such as biotin) and
employed in hybridization processes to locate the human
SCF gene position and/or the position of any related
gene family in a chromosomal map. They are also useful
35 for identifying human SCF gene disorders at the DNA
level and used as gene markers for identifying



specifically conprise: (a) DNA sequences set forth in Fi gures 14B, 14C,
15B, 15C, 42 and 44 or their conpl enentary strands; (b) DNA sequences
whi ch hybri di ze (under hybridization conditions disclosed in Exanple 3
25 or nore stringent conditions) to the DNA sequences in Fi gures 14B,
14C, 15B, 15C, 42, and 44 or to fragnentékl_ thereof; and (c) DNA
sequences which, but for the degener4cy of the genetic code, would
hybri di ze to the DNA sequences in Figures 14B, 14C, 15B, 15C, 42, and

30 44. Specif |gﬁ£%%/‘? ’?@ ‘gé}?@gn%# ’\-_h%air:t sdl(ggr g% (CE}@% genom ¢ DNA

sequences encodi arm a oF B or encodlng SCF
from ot her rrarm@émanISp@INQ@Ed on %lnd:mﬂ!f%clt%r a@@dDhes aggdmee $S&hcodi ng

SCF, fragments ge neoﬁa§§ri o AW SRS QRS 1 a¥Cenel 32 DRyggquences may 35

i ncorporate codons facilitating transcription and transl ation of
messenger RNA in nicrobi a$CHhok$ sus&fipthy alone or in combination with

- 16 - 5 myﬁ@@tg&ﬁ@ﬂa?fﬂuﬂﬂCﬁ& Nbded@rdid Yvba earserusited
according to thﬁeﬂEEoOOL fon et al. ngjf 3|I% eg o appl IC%FIOH WO
83/ 04053. POLot L% r 4t $1F 19F Smot ce?g‘p &t USF9t AECPLeSENnt 1 R
i nvention, the &hNA seqummesdcﬂetsmndﬂedudmrt@mn\dmch factoescedehpalsypepti des
having SCF actiyhby @regyalgpbb&e f ¥sp-1, 11-1, 1L-2, IL-3, IL-4, IL-5,
i.-6, 1L-7, IL-8, IL-9, IL-10, IL-11, IL-l, IGF-I or LIF
10 in the treatment of hematopoietic disorders.
There is a group of stem cell disorders which
are characterized by a reduction in functional marrow
mass due to toxic, radiant, or immunologic injury and
which may be treatable with SCF. Aplastic anemia is a
15 stem cell disorder in which there is a fatty replacemedt
of hematopoietic tissue and pancytopenia. SCF enhances
hematopoietic proliferation and is useful in treating
aplastic anemia (Example 8B). Steel mice are used as a
model of human aplastic anemia [Jones, Exp. Hematol.,
20 11, 571~580 (1983)]. Promising results have been
obtained with the use of a related cytokine, GM-CSF in

the treatment of aplastic anemia [Antin, et al., Blood,
70, 129a (1987)]). Paroxysmal nocturnal hemoglobinuria
(PNH) is a stem cell disorder characterized by formation

25 of defective platelets and granulocytes as well as
abnormal erythroéytes.

There are many diseases which are treatable
with SCF. These include the following: myelofibrosis,
myelosclerosis, osteopetrosis, metastatic’carcinoma,

30 acute leukemia, multiple myeloma, Hodgkin's disease,
lymphoma, Gaucher's disease, Niemann-Pick disease,
Letterer-Siwe disease, refractory erythroblastic anemia,
Di Guglielmo syndrome, congestive splenomegaly,
Hodgkin's diseasé, Kala azar, sarcoidosis, primary

35 splenic pancytopenia, miliary tuberculosis, disseminated
fungus disease, Fulminating septicemia, malaria, vitamin



the informati on which they provide concerning the am no aci d sequence

of the mammal i an protein which have her et of ore been unavail abl e. The
DNA sequences are al so 10 val uabl e as products useful in effecting the

| arge scal e synthesis of SCF by a variety of reconbi nant

techni ques. Put anot her way, DNA sequences provi ded by the invention

are useful in generating new and useful~ 24 -viral and circular plasnm d DNA
vectors, new and useful 15 transfornmed and transfected procaryotic and
eucaryotic host cells (|nclud|n hacteri al "and yeast ceIIs and
mammal i an cel | s Brpwh$ nf k¢ #)d d&fd GleRcyndPseferine deket HbRARCY or

cul tured growth pfamesd Bsdk £l |laherdRabhgpopignénexpiensdDsopde S8 sapd its
rel at ed products. of th ntion are al so

uence |
suitabl e materiaf® ?tﬁb?&£9§ﬂ;ﬁqgiggéd%398be3§Pﬁ eryg#%?ﬁ ting human genonic
DNA encodi ng SCrmedgak at ey tgenemd grahmﬂotgtatedtpmmletmsyagrapéftﬁéscDNA

and genom c g%w\?f %éfqgﬁQQ§§.{té§§§¥]gp%g?h%g gﬁgs DNA sequences may

25 al so be u various alternativ proteln synt hesi s
(e.g., in insect cells) orEdxhangsmantc afhgrapgh in m¢m+mnmﬁ§ppnmbtﬁher

marmal s. DNA seqgepgesePfs tdign as M Gilraa 1 mgerﬁxe@ﬁ@d dQuf) l%xeéyé

devel opi ng transgeni ¢ _manmal i an speci.es serve as
eucaryotic "host3erived RORRIGIEf QS@FI&ﬁHrSEFax°“5Fﬁ%kﬂkﬂ%t4m9q§aﬂﬂlty

See, generally, PabnddesaPispiinal cordSCiceRpe 2821ls 8O9-fHe Julds3) .

Th '
na?u?gffsngct ¥$$%68§£§£%?%e?n4jn”9ﬁ35§%F98n#égnﬁ§tE?%Pi%s actured such

that the primaryolfacbodpuriulbs ianaft denefiy ¢ongébaves iwhgrampediefic
gl ycosyl ation PaLigLfle damage has occurred to these sites. SCF is
useful for treatihg neurological damage and is a growth
factor for nerve cells. SCF is useful during in vitro
15 fertilization procedures or in treatment of infertility
" states. SCF is useful for treating intestinal damage
resulting from irradiation or chemotherapy.
There are stem cell myeloproliferative
disorders such as polycythemia vera, chronic myelogenous
20 leukemia, myeloid matéplasia, primary thrombocythemia,
and acute leukemias which are treatable with SCF, anti-
SCF antibodies, or SCF-toxin conjugates.
There are numerous cases which document the
increased proliferation of leukemic cells to the
25 hematopoietic cell growth factors G-CSF, GM-CSF, and
IL-3 [Delwel, et al., Blood, 72, 1944-1949 (1988)].
Since the success of many chemotherapeutic drugs depends
on the fact that neoplastic cells cycle more actively
than normal cells, SCF alone or in combination with
30 other factors acts as a growth factor for neoplastic
cells and sensitizes them to the toxic effects of
chemotherapeutic drugs. The overexpression of SCF
receptors on leukemic blasts is shown in Example 13.
A number of recombinant hematopoietic factors
35 are undergoing investigation for their ability to
shorten the leukocyte nadir resulting from chemotherapy



- 17 - are identical to naturally-occurring nmaterial) as well as
non-naturally occurring polypeptides having a primry structural
conformation (i.e., continuous sequence of am no acid residues) and

gl ycosyl ation sufficiently 5 duplicative of that of naturally occurring
stem cel | factor to aIIOM/posseSS|oQ of_ a_hemat opoi eti c bi ol ogi cal
activity of naturally occurring SCF. Such pol ypet i des I ncl ude

. derivatives and anal ogs. In a preferred enbodi nent, SCF is 10

characterized b&’n@eﬂiﬂléﬁ%rprﬁéij{%er@ pquCt%)A@hl Gh@ée £ac@HERT ¥Rl & hgst

expression (e.g %fﬁ;, acterjal,” yeast %Nﬁr | ant, i nsect and
marmal i an cel | suff I‘t%r'@)*%fsett“@«od’é}%lﬁs NsBAR &K cBEMBLOROHES LSy

genoni c or CDN/\:ompaLCdmmgvtOIctbﬁQma@é@t hespeciaIbgt biySradiak ingferred
15 enbodi nent, S "reconbi nant .S Xpression in
(

typical yeast hasSa':(:c ‘?o‘?ﬁ&%‘lla edcéz‘l‘%\?lg gg?sﬁrlg&%éﬁﬁgt‘é@(e g., E
coli) host cel|grawteh factore adn e atiedn wpthmabyaotiwal.i afher aisei ns.
Th duc . 0 |
(00, ob or O Sl U S0 I AT el en80° BUERR,ET TATTE A0
human prot ei ns. fwxﬂh#nnsﬁpnﬂﬁﬂﬁtQﬂa81lmﬂn§§@5eﬁbﬁoyédkopbt?pépﬂldes of the
I nvention may tﬁiateléHBH%H%Qf¥é¥hﬂ%ﬁd§ g@%&ﬁbh@ﬁoeﬁePEPﬁro?“?@ﬁXQEHBn

carbohydrates or may be non-glycosyl at’e hast _cel can be altered
usi ng t echni ques* MM t Wgs A bidiqye $CF allows for a dose

10 intensification of the anti-neoplastic or irradiation

regimen (Example 19).

SCF is useful for expanding early
hematopoietic progenitors in syngeneic, allogeneic, or
autologous bone marrow transplantation. The use of

15 hematopoietic growth factors has been shown to decrease
the time for neutrophil recovery after transplantation
[Donahue, et al., Nature, 321, 872-875 (1986) and Welte.
et al., J. Exp. Med., 165, 941-948, (1987)]. For bone
marrow transplantation, the following three scenarios

20 are used alone or in combination: a donor is treated
with SCF alone or in combination with other
hematopoietic fachors prior to bone marrow aspiration or
peripheral blood leucophoresis to.increase the number of
cells available for transplantation; the bone marrow is

25 treated in vitro to activate or expand the cell number
prior to transplantation; finally, the recipient is
treated to enhance engraftment of the donor marrow.

SCF 'is useful for enhancing thelefficiency of
gene therapy based on transfecting (or infecting with a

30 retroviral vector) hematopoietic stem cells. SCF
permits culturing and multiplication of the early
hematopoietic progenitor cells which are to be
transfected. The culture can be done with SCF alone or
in combination with IL-6, IL-3, or both. Once

35 tranfected, these cells are then infused in a bone
marrow transplant into patients suffering from genetic



in Lee et al. J. Biol. Chem 264, 13848 (1989) hereby I ncor por ated by
reference. Polypeptides of the - invention may also include an initial
met hi oni ne am no acid residue (at position -1). 30 In
addition to naturally-occurring allelic forms of SCF, the present

I nvention al so enbraces ot her SCF products such as pol ypepti de anal ogs
of SCF. Such anal ogs include fragnmen?& of :SCF. Fol | owi ng t he
procedures of the above-noted published application by 35 Alton et al. (WO

83/ 04053), one can readlly desi gn_and manuf act ure genes codi ng for
m crobi al expre (Lim, Proc. Natl. Acad. Sci, 86.,. 18 -

pol ypept i des h&wsﬂlﬁﬂﬁgmaﬂl9899ﬁ0rnEiéﬁ@E%éwbﬁﬂbéhééfﬂhxch dromddai; herein
specified for in t%f qQf the i i on, of one or nore

resi dues (e.g. LEFI00: GEPS éc ?b¥%qﬁﬁs M&ﬁ%m%@%ddl tions and
5 del etions). Aldeemnaiasley giudbtecabionsdade civinayicbbin, gRDMBEsEFES can

be readily a%poqﬂjls@ﬁ by wel | - known site-directed nutagenesis
t echni ques and e q nploye generate anal ogs and derivatives of SCF.
Such products share atSClFeast usatubffahet tnatimagicdf prcmarztede&mﬁuxﬁﬂz 10

but may differ 'aaeqm%rn% (ﬁ&DQ’faHP'Qé‘Ben‘HCEBﬁF&%éH Jnmﬁmodeéw%‘é
i ncl ude those which are foreshortened QL
states (SCID) alone or 1n combination with other factors

such as IL-7 (see Example 14). Illustrative of this

10 effect is the ability of SCF therapy to increase the
absolute level of circuléting T-helper (CD4+, OKT4+)
lymphocytes. These cells are the primary cellular
target of human immunodeficiency virus (HIV) leading to
the immunodeficiency state in AIDS patients [Montagnier,

15 in Human T-Cell Léukemia/Lymphoma Virus, ed. R.C. Gallo,
Cold Spring Harbor, New York, 369-379 (1984)]. 1In
addition, SCF is useful for combatting the

myelosuppressive effects of anti-HIV drugs such as AZT
{Gogu Life Sciences, 45, No. 4 (1989)].
20 ~ SCF is useful for enhancing hematopoietic

recovery after acute blood loss.

In vivo treatment with SCF is useful as a
boost to the immune system for fighting neoplasia
(cancer). An example of the therapeutic utility of’

25 direct immune function enhancement by a recently cloned
cytokine (IL-2) is described in Rosenberg et al.,
N. Eng. J. Med., 313 1485 (1987).

The administration of SCF with other agents

such as one or more other hematopoietic féctors, is

30 temporally spaéed or givén together. 'Prior treatment
with SCF enlarges a progenitor population which responds
to terminally-acting hematopoietic factors such as G-CSF
or EPO. The route of administration may be intravenous,
intraperitoneal sub-cutaneous, or intramuscular.

35 : The subject invention also relates to
antibodies specifically binding stem cell factor.



del etions; or those which are nore stable to hydrolysis (and,

therefore, nmay have nore pronounced or | onger- | asting effects than
natural | y-occurring); or which have 15 been altered to delete or to add one
or nore potenti al sites for 0-glycosylation and/or N-glycosylation or
whi ch have one or nore cysteine residues deleted or repl aced by, e.g.,
al anine or serine residues and are . ~péfentially nore easily isolated in
active formfrom 20 m crobial systens; or which have one or nore tyrosine
resi dues repl aced by ph Ianlne and bind nofe.or ]ess eadi

target proteins 5?”&&_ gcéﬁ?&?s SﬁcféPﬁﬁtnhe pE%ﬁ??flqﬂsﬁfcRﬁéﬁ%H@ﬁéed are
pol ypepti de fragmeibeodies.dupl feathag embyd bmexat toﬁ)ftnéexmmmmus am no
aci d- 25 sequence or cqQndary . f. | | fragnents
may possess onemSP éon%ﬁ %“ééﬁggégéhgﬁégpg%%%% é?pa$denot ot hers
(e.g., early Exlaergdteoﬁ@l)etidncebhtgaamt\oa@m%nyl)onalltamsmmi}eworthy

that activity 13g3q ISR %QEa@WnQn@hPéh np;ﬁ&hﬁf ide goducts of

the invention t e ther [ see and et aI , Bl ut,

44, 173-175 (19@2fFerento@nGﬂPPﬁﬂ95|ﬁlb?ﬁ%?dc%%ﬂkaﬁ% fferentin assays of

SCF antagon@@@eaaama%&stuéglaaFagwnl§a@hrmbmswn@nanea¢5¥ﬁda in, for
cases 35 of man Ieuken1as

exanpl e, cases of overe{oduct Cf oL .
where the mal i gRAFESEEd 2983855« Ar 838918 AFEREPIRARL 12 AnL98Ri cat ed
by the overexpr essicwlonfal ant36bdieseptersseful etﬂempzdo}aslﬂse(Exarrpl e 13).

10 selectivitj and specificity of diagnostic and analytical
assay methods using antigen-antibody binding. Also,
‘they are used to neutralize or remove SCF from serum. A
second advantage of monoclonal antibodies is that they
can be synthesized by hybridoma cells in culture,

15 .uncontaminated by other immunoglobulins. Monoclonal
antibodies may be prepéred from supernatants of cultured
hybridoma cells or from ascites induced by intra-
peritoneal inoculation of hybridoma cells into mice.

The hybridoma technique described originally by Kdhler

20 and Milstein [Eur. J. Immunol. 6, 511-519 (1976)] has

' been widely applied to produce hybrid cell lines that

secrete high levels of monoclonal antibodies against
many specific antigens. _
The following examples are offered to more
25 fully illustrate the invention, but are not to be
construed as limiting the scope thereof.

EXAMPLE 1
Purification/Characterization of Stem Cell Factor
30 from Buffalo Rat Liver Cell Conditoned Medium

A. In Vitro Biological Assays

1. HPP-CFC Assay
35 There are a variety of biological activities
which can be attributed to the natural mammalian rat SCF
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O applicability to pol ypepti de anal ogs of the

I nvention are reports of the inmunol ogi cal property of synt hetic

pepti des which substantially duplicate the

in naturally-occurring 5 proteins, glycoproteins and nucl eoproteins.

speci fical

shown to participate in inmune rea

and extent
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to

am no aci d sequence extant

Mor e

relatively |OMInD|ECU|aFé¥§Ight pol ypepti des have been
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such cells. The rat SCF is plated in the presence of
CSF-1 or IL-6 in ‘semi-solid agar cultures. The agar
cultures contain McCoys complete medium (GIBCO), 20%
fetal bovine serum, 0.3% agar, and 2x10° bone marrow
cells/ml. The McCoys complete medium contains the
following components: 1lxMcCoys medium supplemented with
0.1 mM pyruvate, 0.24x essential amino acids, 0.24x non-
essential amino acids, 0.027% sodium bicarbonate, 0.24x
vitamins, 0.72 mM glutamine, 25 ug/ml L-serine, and .

12 ug/ml L-asparagine. The bone marrow cells are
obtained from Balb/c mice injected i.v. with 150 mg/kg
5-FU. The femurs are harvested 2 days post 5-FU
treatment of the mice and bone marrow is flushed out.
The red blood éells are lysed with red blood cell lysing
reagent (Becton Dickenson) prior to plating. Test

‘'substances are plated with the above mixture in 30 mm

30

35

dishes. Fourteen days later the colonies (>1 mm in
diameter) which contain thousands of cells are scored.
This assay was .used throughout the purification of
natural mammalian cell-derived rat SCF.

In a typical assay, rat SCF causes the
proliferation of approximately S0 HPP-CFC per 200,000
cells plated. The rat SCF has a synergistic activity on
5-FU treated mouse bone marrow cells; HPP-CFC colonies
will not form in the presence of single factors but the

he present invention also includes



30 conplenmentary to the protein-coding strand of the human CcDNA or

genom ¢ DNA sequences of SCF, i.e., "conpl ementary inverted proteins"
as descri bed by Tranmontano et al. [Nucleic Acid Res., 12, 5049-5059
(1984)]. 35 Represent ati ve SCF polypeptldes of the pr esent

I nvention include but are not limted_t 9SCF[err]

- 20 - SCF[err], SCFlerr], SCF[err and SCF[err]in Figure 15C,
SCF[err] SCF[err], SCFF[err] and SCF[err] in Figure 42; and SCF[err]
SCF[err], SCF| r [ i gur 4 5 can
be purlfled u5|§5ﬁ%é§%ﬁf§E§£€fﬁgaﬁmd CSF EthgsgcgkﬁpﬁeéL %ﬁea§F#%%$h
subj ect inventi®R thiscas$d¥ses a method of purifying SCF from an SCF
cont ai ning material such as conditioned nmedia or human urine, serum

t he nethod.conp%|3| ne or. more of steps 40 such as the foll ow ng:

subj ecting the ggégagiiﬂé material to ion exchange chronat ography
(either cati®n or ani dmoehexharspfudhbaotibefycaphydtisibyeski pgehhe SCF

g ot ChaBhrb 1) CHEE ARl AR decBtbinant FREOGBFOPLAPRLCABTRILS O
to cause the proliferation of the IL-4 dependent murine
mast cell line, MC/9 (ATCC CRL 8306). MC/9 cells are
cultured with a source of IL-4 -according to the ATCC CRL

10 8306 protocol. The medium used in the bioassay is RPMI
1640, 4% fetal bovine serum, 5x10”°M 2-mercaptoe£hanol,
and 1x glutamine-pen-strep. The MC/9 cells proliferate
in response to SCF without the requirement for other
growth factors. This proliferation is measured by first

15 culturing the cells for 24 h without growth factors,
plating 5000 cells in each well of 96 well plates with
test sample for 48h, pulsing for 4 h with 0.5 ucCi
3H-thymidine (specific activity 20 Ci/mmol), harvésting
the solution onto glass fiber filters, and then

20 measuring specifically~bound radioactivity. This assay
was used in the purification of mammalian cell derived
rat SCF after the ACA 54 gel filtration step, section C2
of this Example. Typically, SCF caused a 4-10 fold
increase in CPM over background.

25
3. CFU-GM

The action of purified mammalian SCF, both
naturally-derived and recombinant, free from interfering
colony stimulating factors (CSFs), on normal undepleted

30 mouse bone marrow has been ascertained. A CFU-GM assay
[Broxmeyer et al. Exp. Hematol., 5, 87 (1977)]'is used
to evaluate the effect of SCF on normal marrow.

Briefly, total bone marrow cells after  lysis of red
blood cells are plated in semi-solid agar cultures

35 containing the test substance. After 10 days, the

colonies containing clusters of >40 cells are scored.



15 inmobilized C4 or C6 resin; subjecting the fluid to

| mobi I'i zed-1ectin chromatography, i.e., binding of SCF to the

i mobilized lectin, and eluting with the use of a sugar that conpetes
for this binding. Details in the use of these methods will be apparent
fromthe 20 descriptions given in Examphges-1,. 10, and 11 for the
purification of SCF. The techni ques described in Exanple 2 of the Lai

et al. US. patent 4,667,016, hereby i ncorporated by reference are al so
useful in pGhief vigag sudrucelsl ceacberdr&d down onto graﬁsns&ndésSCF are
i sol ated usi ng ndar.d e u t rth in
commonl y ow%?a’g %ﬁ mgrlphto%%% gg ﬁﬂ% g%%?%l%%?tﬁre;t{ropm et ééa é)
Isoforms, filedspecéfac pdstedggichérebginmcor porated by reference. 30
Al so conprehended by the obaveptnad? Ab6se boﬁgmﬁggy%ﬁptl§gg dions
conpri sing therapeutically effective anpunts of ptide products of
t he i nveRt i Bﬁm{“ééétaﬁerra\}& 1SFFSHF§aE)I Elléi‘f’r%‘?ﬂ%tlal CSfre syt atdong

sol ubi lizers, egHeSifriotits, oddicelantssBonsiek Dig OF Nintiat uteefad1iig), SCF
therapy. A "thera e tlcall¥ Lfectlve annuq; as uefd hereln refers

S 91 - neutrophils, macrophages, eosinopnils, and megakaryo-

cytes without the requirement for other factors. From
200,000 cells plated, over 100 such colonies grow over a
10 10 day period. Both rat and human recombinant SCF
stimulate the production of erythroid cells in
combination with EPO, see Example 9. '

B. Conditioned Medium

15
Buffalo rat liver (BRL) 3A cells, from the
American Type Culture Collection (ATCC CRL 1442), were
grown on microcarriers in a 20 liter perfusion culture
system for the production of SCF. This system utilizes
20 a Biolafitte fermenter (Model ICC-20) except for the
screens used for retention of mitrocarriers and the
oxygenation tubing. The 75 micron mesh screens are kept
free of microcarrier clogging by periodic back flushing
achieved through a system of check valves and computer-
25 controlled pumps. Each screen alternately acts as medium
feed and harvest screen. This oscillating flow pattern
ensures that the screens do not clog. Oxygenation was
provided through a coil of silicone tubing (50 feet
long, 0.25 inch ID, 0.03 inch wall). The:growth medium
30 used for the culture of BRL 3A cells was Minimal
Essential Medium (with Earle's Salts) (GIBCO), 2 mM
glutamine, 3 g/L glucose, tryptose phosphate (2.95 g/L),
5% fetal bovine serum and 5% fetal calf serum. The
harvest medium was identical except for the omission of
35 serum. The reactor contained Cytodex 2 microcarriers
(Pharmacia) at a concentration of 5 g/L and was seeded



to that anmount which provides a therapeutic effect for a gi ven

condition and adm nistration regi nen. Such conpositions are |iquids or

| yophilized or otherw se dried formul ations and include diluents of
various 5 buffer content (e.g., Tris-HCl., acetate,.phosphate), pH and
ionic strength, additives such as al buma gjor- gel atin to prevent
adsorption to surfaces, detergents (e.g., Tween 20, Tween 80, Pl uronic
F68, bile acid salts), sol ubilizing agents (e.g.; glycerol,

pol yet hyl ene 10 wiytical x, 1a?1tnlnxo><§pdafeuss( grewn dsceblilerabodt1eediany

tabisul fit I I |,
par abens) . bul ki RETEUBS: RhoLurRTi Thaa il 188" s ate Bre 813 vwet s,
manni tol ), coval @htaabt tehamdtgrow cn'f ghel yierocaucheas fokyetilgplteriayy . ycol

Lo the proteln ‘erédenchtdfih SRR el ditbalh cFOMPLIKE0R LTS

ions, or incorporation o nt o
preparations df Pasearen cILYPRRAIMPNSITREiga . Thep§ﬂ9F9§3|coacedtratlon

pol glycolic aci dyadyfs 08€h Bne®ldt Pproxinaledy 1RESQIES, HEehReT!HioNs,
mcelles, unilangllar or 20 nultil anellar vesicles, "erythrocyte sts or

spheropl asts. S %Yﬁonbﬁglf?iﬁEPRMqulﬂﬂﬂ fyssdevifB six ﬁﬁ§§m§§I° t Stegum
solubility, stabfteéymedﬁmm‘tﬂ gemosiey most ofekhasserand(pabee®h i N Vivo

cl earance of SCF f osition_w de end on the physjca
. and 25 chenical %agg%Ff?%l ?“P ﬁV@gglnbhgvfﬁ g&ﬁ was SEFPVPPfrgﬁéP
exanple, a pl@duhatdbwlsedumtxﬁnnbe glucesier anecbotnationnfellSBelowy -
require a forml atyon, rrof 'Bdlgxtd%tn Fagant ﬁh?opééﬁ{:{:?dwg ga&géag

rel ease conposTtions P hcl ude Hor mylatron
fatty acids, wax@$, ao??%S*“VQ%ﬁ)Rﬁﬁﬁ&ﬁéﬁ@naééeb9f appiﬁélmﬁVthlon are

particul ate conppgitjeap. omed \@lft lthe cuthyaEQSs(ﬁagntapﬁéexaﬁ%s90& .
pol oxam nes) and §§F lggea g@ dles I rected a ai pst
ti ssue-specific 0+ PBADI g j SHtFG fis DRecRLPFRUVEE PXYSRAs of
15 was maxntalned higher than 20% of air saturation by
supplementing with pure oxygen as necessary. The
temperature was maintained at 37 * 0.5°C.
_ Approxlmately 336 liters of serum free
conditioned medium was generated from the above system .
20 and was used as the starting material for the
purification of natural mammalian cell-derived rat SCF.

C. Purification

25 All purification work was cafried out at 4°C
unless indicated otherwise.

1. DEAE-cellulose Anion Exchange Chromatography
, Conditioned medium generated bj serum—-free

30 growth of BRL 3A cells was clarified by filtration
through 0.45 y Sartocapsules (Sartorius). Several
different batches (41 L, 27 L, 39 L, 30.2 L, 37.5 L, and
161 L) were separately subjected to concentration,
diafiltration/buffer exchange, and DEAE-cellulose anion

35 wexchange chromatography, in similar fashion for each .
batch. The DEA?-cellulose pools were then combined and



35 tissue-specific receptors. Qther enbodi nents of the conposi tions of
the invention incorporate particul ate -

22 - forms, protective coatings, protease inhibitors or

per meati on enhancers for various routes of adm ni stration, including
parenteral, pul nonary, nasal - and ord2 - 5. The invention al so
conpri ses conpositions I ncl udi ng one or nore additional hematopoietic
factors such as EPO, G CSF, G\ CSF, CSF-1, IL-1, IL-2, IL-3, | L-4,

IL-5, IL-6, |IL-gro¢esged|funtheq a9 one hatch @p. pectiongrClt¥ ¢Letkédic
I'nhi bi tory Fact ptamp1é, [To illust Ble/,Paipe @'uﬁ%deinEth' BNEN1 0N HRYcRE

"I abel ed"” by assoc on W t etect abl e ubst ance (e.qg.
radi ol abel ed wi'¥$S 1% ‘?4’ 0% - bngﬁ ré'llé‘teé £gn Sx’/PB% é%%g%?s usef ul

in detection ambmu@mttit@@twn-mfo S0Fusingoa Miblipeeptmelhiayi ng cells in

lidt d_fluid.
SBloo!t | ny: Ztsggs ggﬁa?%gﬁgleﬁl Ef?gp t}1 rsﬁtlo?’ogpgg #Fﬁ‘rﬁb‘i’fp}e%mé’f reptavidin
to purge | eukenl@, ®0@Gshslécwhar WEiHhﬁacmﬁpﬁéwpphyaulbbogomsmbnmmenarrOW/
transplant ati 0ngasser BLOT| | 2L innib2ahill akBaSOBLMECELOD Middy 20

i mobi'l i zed stref aV|d|n O enric or stem cel
/min and filtration rate 250-~315 ml/min). Diafiltra-

tion/buffer exchange in preparation for anion exchange

10 chromatography was then accomplished by adding 500 ml of
50 mM Tris-~HC1l, pH 7.8 to the concentrate, reconcen-
trating to 500 ml using the tangential flow ultrafiltra-
tion apparatus, and repeating this six additional
times. The concentrated/diafiltered preparation was

15 finally recovered in a volume of 700 ml. The prepara-
tion was applied to a DEAE-cellulose anion exchange
column (5 x 20.4 cm; Whatman DE-52 resin) which had been
equilibrated with the 50 mM Tris-HC1l, pH 7.8 buffer.
After sample application, the column was washed with

20 2050 ml of the Tris-HCl buffer, and a salt gradient
(0-300 mM NaCl in the Tris-HCl buffer; 4 L total volume)
was applied. Fractions of 15 ml were collected at a
flow rate of 167 ml/h. The chromatography is shown in
Figure 1. HPP-CFC colony number refers to biologiéal

25 activity in the HPP-CFC assay; 100 ul from the indicated
fractions was assayed. Fractions collected during the
sample application and wash are not shown in the Figure;
no biological activity was detected in these fractionms.

The behavior of all conditioned'media.batches

30 subjected to the concentration, diafiltration/buffer
exchange, and anion exchange chromatography was
similar. Protein concentrations for the batches,
determined by the method of Bradford [Anal. Biochem. 72,
248-254 {1976)] with bovine serum albumin as standard

35 were in the range 30-50 ug/ml. The total volume of

conditioned medium utilized for this preparation was
about 336 L.



aut ol ogous or allogeneic stemcells in autol ogous or al | ogenei ¢ bone

marrow transpl antation. Toxin conjugates of SCF, such as ricin [Uhr;
Prog. ddin. Biol. Res. 288, 403-412 (1989)] diptheria toxin [Molten,
25 J. Natl. Con. Inst., 55, 473-477 (1975)], and radi oi sotopes are
useful for direct anti-neoplastic t herapy (Exanple 13) or as a

condi tioning reginen for . bone marow 3% anspl ant ati on.

Nucl ei ¢ acid products of the invention are 30 useful when |abeled with

det ect abl e markers (such as _ radi ol abel s and non-isotopic |abels such as

bi otin) and 2enphBheddi Gehyhil B 3B QR COIARILIGLARNY | ocate the human

SCF gene position and/or thgcPoshs i iy Dig oTsd idfd activiiene fosml yhén a
chronmosomal nap Egg%¥ qre al so uieful 35 or identifying human SCF gene
di sorders at thB ellulase| cafiymes et st Yerkt? D& &% denti fyi ng

- 23 - necghldtiogedemediansatdiees rkfermst o abwerehynior SCF gene
IS encoded oR c neg] the i ; e RS 4.0..chroppsone
10 at the 101 onanBIarTetEee Bohs QR IO fie cyn RGN AR S

with 5 other tWergpgompihnede(total meedung 20 Humbddr agid condegrtatatpad eté C

di sorders. SCF gapiRg1us88umbOhe P& ofd thith the use of Amicon stirred

cells and YM10 membranes. This material was applied to
an ACA 54 (LKB) gel filtration column (Figure 2)

10 equilibrated in 50 mM Tris-HCl, 50 mM NaCl, pH 7.4.
Fractions of 14 ml were collected at a flow rate of
70 ml/h. Due to inhibitory factors co-eluting with the
active fractions, the.peak of activity (HPP-CFC colony
number) appears split; however, based on previous

15 chromatograms, the activity co-elutes with the major
protein peak and therefore one pool of the fractions
was made. '

_ 3. Wheat Germ Agglutinin-Agarose Chromatography

20 Fractions 70-112 from the ACA 54 gel
filtration column were pooled (500 ml). The pool was
divided in half and each half subjected to
chromatography using a wheat germ agglutinin-agarose

column (5 x 24.5 cm; resin from E-Y Laboratories,

25 San Mateo, CA; wheat germ agglutinin recognizes certain
carbohydrate structures) equilibrated in 20 mM Tris-HC1,
500 mM NaCl, pH 7.4. After the sample applications, the
column was washed with about 2200 ml of the column
buffer, and elution of bound material waszthen

30 accomplished by applying a solution of 350 mM
N-acetyl-D-glucosamine dissolved in the column buffer,
beginning at fraction -210 in Figure 3. Fractions of
13.25 ml were collected at a flow rate of 122 ml/h. One
of the chromatographic runs is shown in Figure 3.

35 Portions of the fractions to be assayed were dialyzed
against phosphate-buffered saline; S ul of the dialyzed



one or nore additional hematopoietic factors such as : EPO G CSF

GwWCSF, CSF-1, IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9,
IL-10, IL-11, IL-1, IG~1I or LIF 10 in the treatnent of henatopoietic

di sorders. There is a group of stemcell disorders which
are characterized by a reduction in fungglonal mar r ow mass due to
toxic, radiant, or imunologic injury ané which may be treatable with

SCF. Aplastlc anema is a 15 stemcell disorder in which there is a fatty

repl acement meteQQEQEOQQEQtbfaéé@sﬂﬁ:oa@ﬂlep@leg’ﬁt QEEan(cﬁ;FvSTU@EC?%

hemat opoi etic proliferation _and is useful in_treating | astic anem a
(Exanpl e 8B). &t@sreniddeadfelfsely ipto, the HRBBGFC0¥5$&ﬁmﬁF%$W%%t|C aneni a

[ Jones, Exp. Hemtn@le:, anueélmwﬂgLﬁ?@ 3)1983)] canpbeﬁkééﬂgtﬁgﬁuhhé have
been obtained with e _us

ed o
treatment of apPgSdve QﬁéﬁféaFAB?Y?F 5& épgadan& wa§0ef&59g Yi§§7)]
Par oxysnal nact whealN- he&ngnebrghm¢asam1nebPNHﬁreasamatbnmﬁethed|sorder

characterized b 5 f ect t n u tes as
wel | as abn%?ﬁgf er t é m?Pérﬂﬁ_%%§§%% QL?ES#& §hga€%ﬂﬁﬁﬁ Jig%egses
whi ch are treat shimple apmﬂnnasxpn aes@shncl ude the fol | owi ng:

nmyel of i brosi s, nmyel oscl erosi s, osteopetrosis, netastatlc carci noma, 30
acute |l eukem a, nultiple nyel oma, Hodgkin' s disease, ynphonsa,
Gaucher's di seade, S-SeRRArpseiFast Flow Cat1onp£xshangsﬁ5r¢maﬁﬁgﬁaphy

refractory epythrobl asti craaediéas 211-225GfgbinekHe euesifogr@mcongestlve
spl enonegal vy,

d K d 35
spl enic pancytoB@ﬁﬁ&ﬁqﬁﬁpl399}$€%Z$aﬁﬂé§sa§ra&ﬁgséﬁ?ﬁgié@sﬁgépg SH§Xd

di sease, Ful ni naguigadepti €eachjomslfndma thei sagbnd run were pooled
(375 ml) and dialyzed-.-against 25 mM sodium formate,

pH 4.2. To minimize the time of exposure to low pH, the
15 dialysis was done over a period of 8 h, against 5 L of
buffer, with four changes being made during the 8 h
period. At the end of this dialysis period, the sample
volume was 480 ml and the pH and conductivity of the
sample were close to those of the dialysis buffer.
20 Precipitated material appeared in the sample during
dialysis. This was removed by centrifugation at
22,000 x g for 30 min, and the supernatant from the
centrifuged sample was applied to a S-Sepharose Fast
Flow cation exchange column (3.3 x 10.25 cm; resin from:
25 Pharmacia) which had been equilibrated in the sodium
formate buffer. Flow rate was 465 ml/h and fractions of
14.2 ml were collected. After sample application, the
column was washed with 240 ml of column buffer and
elution of bound material was carried out.by applying a
30 gradient of 0-750 mM NaCl (NaCl dissolved in column
buffer; total gradient volume 2200 ml), beginning at
fraction ~45 in Figure 4. The elution profile is shown
in Figure 4. Collected fractions were adjusted to
pE 7-7.4 by addition of 200 yl of 0.97 M Tris base. The
35 cpm in Figure 4 again refer to the results obtained in
the MC/9 biological assay:; portions of the indicated



- 24 - Bl[err] and folic acid deficiency, pyridoxine deficfency,

D anond Bl ackf an anem a, hypopi gnentati on di sorders such

as piebal di sm

and vitiligo. The erythroid, megakaryocyte, and granul ocytic
stinmulatory properties” 5 of SCF are illustrated in Exanple 8B and 8C.
Enhancenent of growth in non-hematopoietis - - stemcells such as

prinordial germcells, neural crest deri ved nel anocytes,

conmm ssur a

axons originating from t he dorsal spinal cord, crypt cells of the gut,
10 nesonephricfamdth@man@@hei@i&lzhEQ'agﬁinss,pﬁnﬂphate1ﬂd&ﬁﬂne®'bulbs is

of benefit in siaf s wherg 2P fifaced {HSURaTage hag .o

sites. SCF is usef I Ng neuro oglca

nmage an

Q%H{f%ﬂéé%@$ﬁse

IS agro

factor for nervénc%$g%fesiﬁth%tu%@ﬂLmaIRﬁ4¢X;q QHQLQ9¥E§1H2H4¢ﬂ4%%1|on
procedures or 'ﬂbﬁé?@éﬁfﬁﬁs£€d|fﬁﬁﬁﬁ?A'éﬁ@ coltrdtiboudd, iwhetsfdmd

treating intestinpal resul

on or chenng%erapy

d
There are st%m%@l?hﬁy%?'gﬁ%’r?‘?%’r’é‘ll%t ]g%rlﬂj: Iadtsd@r? & YPAY R hem a

vera, chronic nyeéogehougr@dieneuken a, nyel oid matapl asia, primary
t hr ombocyt hem a, and acute | eukem as which are treatable with SCF,

anti - SCF anti bodi es, or SCF-toxin conjugates.

There are

numer ous cases Wi cGhdorabeqraphye Using iErldasedaund iHyeraidaobanf Hexlikeni c

cells to the 25 hemat opopeiie: &84 | 4 Y@V dbrl AL 'S SEptro s dotumASE

10 Figure 4 were pooled (540 ml). 450 ml of the pool was

combined with an equal volume of buffer B (100 mM

‘ammonium acetate, pH 6:isopropanol; 25:75) and applied -
at a flow rate of 540 .ml/h to a ¢, column (Vydac
Proteins C4; 2.4 x 2 cm) equilibrated with buffer A

15 (60 mM ammonium acetate, pH 6:isopropanol;

62.5:37.5).

After sample application, the flow.rate was reduced to
154 ml/h and the column was washed with 200 ml of

buffer A. A linear gradient from buffer A to buffer B
(total volume 140 ml) was then applied, and fractions of

20 9.1 ml were collected. Portions of the pool from

S-Sepharose chromatography, the C4 column starting
sample, runthrough pool, and wash pool were brought to

40 ug/ml bovine serum albumin by addition of an

appropriate volume of a 1 mg/ml stock solution, and

25 dialyzed against phosphate-buffered saline in

preparation for biological assay. Similarly,

40 ul

aliquots of the gradient fractions were combined with
360 ul of phosphate-buffered saline containing 16 ug

‘bovine serum albumin, and this was followed by dialysis

30 against phosphate~buffered saline in preparation for

biological assay. These various fractions were assayed

by the MC/9 assay (6.3 pl aliquots of the prepared

gradient fractions; cpm in Figure 5). The assay results

also indicated that about 75% of the recovered activity

35 was in the runthfough and wash fractions, and 25% in the

gradient fractions indicated in Figure 5.

SDS~PAGE



IL-3 [Delwel, et al., Blood, 72, 1944-1949 (1988)]. Since the success
of many chenot herapeuti c drugs depends on the fact that neoplastic
cells cycle nore actively than normal cells, SCF alone or in
conmbination with 30 other factors acts-as a growth factor for neoplastic
cells and sensitizes themto the toxic effects of chenot her apeuti c
drugs. The overexpression of SCEF recd@ptors on | eukemc blasts is shown
in Exanpl e 13. A nunber of reconbi nant hematopoietic factors
35 are undergoin? i nvestigation for their abilft¥7to shorten the

| eukocyte nadir Feaemrlhg ¥amendddvhéBAp§8S (1970); stacking gels
- 25 - ~andchAdh 2he@Nd€ €0 /BN crALERP88hahBeSEpL ASEORG gEEsVErY
useful in this settlng, éhe e |s‘§p earL& hengtgpoket c cogpartnent
which is damagedSOREPLERE I}é/'-rb%/(r Sagroklanide ) of paliquoks PE BRGLANE
before these | atgrageiong iS show inf #Fégare 6an Baerthéhgel oRbUARI action.
The use o% SCF a%one or 1.n %Pn%igatignugé h tg$squacé0£$ further
shortens or efinPABPeS ?h€q$% oé?ie Aha %faY BT nA0F %gulting from
chenot her apy or redissobwed usi_;ngaa?tﬂnnhtsgmpﬂ.adweamnt_scmﬁaﬁénws for a dose
10 intensificat|gg,plalfendNti ;d1CORIRRLE OLmbiERPLALLRSn01) SRS BN
(Exanpl e 19). ] .
boiled for S min prior to loading onto the gel. Lanes A
and B represent column starting material (75 ul out of
10 890 ml) and column runthrough (75 ul out of 880 ml}),
respectively; the numbered marks at the left of the
Figure represent migration positions (reduced) of
markers having molecular weights of 103 times the
indicated numbers, where the markers are phosphorylase b
15 (M, of 97,400), bovine serum albumin (M, of 66,200),
ovalbumin (M, of 42,700), carbonic anhydrase (M, of
31,000), soybean trypsin inhibitor (M, of 21,500), and
lysozyme (M, of 14,400); lanes 4-9 represent the '
corresponding fractions collected during application of
20 the gradient (60 ul out of 9.1 ml). The gel was silver-
stained [Morrissey, Anal. Biochem., 117, 307-310
{1981)]. It can be seen by comparing lanes A and B that
the majority of stainable material passes through the

column. The stained material in fractions 4-6 in the

25 regions just above and below the M, 31,000 standard
position coincides with the biological activity detected
in the gradient fractions (Figure S5) and represents the
biologically active material. It should be noted that
this material is visualized in lanes 4-6, but not .in

30 lanes A and/or B, because a much larger proportion of
the total volume (0.66% of the total for fractions 4-6
versus 0.0084% of the total for lanes A and B) was
loaded for the former. Fractions 4-6 from this column
were pooled. _

- 35 As mentioned above, roughly 75% of the
recovered activity ran through the C, column of



SCF is useful for expanding early hemat opoi etic progenitors in

syngenei ¢, all ogeneic, or aut ol ogous bone nmarrow transpl antation. The
use of 15 hematopoietic growh factors has been shown to decrease t he
time for neutrophil recovery after transplantation [ Donahue, et al.,
Nat ure, 321, 872-875 (1986) and Welte. et al., J. Exp. Med., 165,
941-948, (1987)]. For bone narrom/fréﬁsplantatlon the followi ng three

scenari os 20 are used al one or in conbination, a donor is treated

wi th SCF al one q. cQnbi 10 i_t.h_ot her emat opoi etic factors prior
to bone marrow gs |u?a %on g?‘ %a\gg%rlﬁge‘?% 5?%%%‘?%@%&?3}%&5&% iSacr ease
the nunber of resdal less®ndilladdlye asodescaibed arhame orexddpt bdrest marrow i s
25 treated in yi argRcl @ %vette«;os( 9xBapf toea fs%wéwfgl w raceo“s%f gle®

transpl antati on; |naIIy, e recipient Is ated enhanc
engraf t nent of mldhg shaoughaud, were used. Rougldy i usf wedoreredhanci ng
the efficiengy QEthlt@e%st Her apy l@aﬁeﬂ:@&bﬁfm%w NG @adi¥frcting wth
a 30 retroviral vectog%téa?to 0|et|i stem cel permts

cul turing and ndF&S5HO WISt Fémeé ?FyaPPea?ﬁﬂﬁﬁ(ﬂﬂﬂﬁﬂﬁﬂ?ﬁﬁﬁbGQnﬁmﬁm

cel I's which areofothe activearaizddend. fFoet Dond e Faayu dee glong amijtla SCF
al one or ti t L- or both. Once 35 tranfected,
%g%; A %@ R@g&ég é2§ §hh . )

t hese cells are t used rrow transplant into patients
suffering fromgenetic An analyt1ca1 C4 column was also performed

10 essentially as stated above and the fractions were
- assayed in both bioassays. As indicated in Figure 7 of.
the fractions from this analytical column, both the MC/9
and HPP-CFC bioactivities co-elute. SDS-PAGE analysis
- (Figure 8) reveals the presence of the
15 "M, ~31,000 protein in the column fractions which contain
biological activity in both'assays.

Active material in the second (relatively
minor) activity pedk seen in S-Sepharose chromatography
(e.g. Figure 4, fractions 62-72, early fractions in the

20 salt gradient) has also been purified by Cy4
chromatography. It exhibited the same behavior on
~ SDS-PAGE and had the same N-terminal amino acid sequence
{see Example 2D) as the material obtained by Cy
chromatography of the S-Sepharose runthrough fractions.

25
6. Purification Summary
A summary of the purification steps described
in 1-5 above is given in Table 2.
30

35



- 26 - di sorders. [Lim Proc. Natl. Acad. Sci, 86, 8892- 8896
(1989)]. Exanples of genes which are useful In treating genetic

di sorders include adenosi ne deamni nase, gl ucocerebrosidase, henogl obi n,
and cystic- 5 fibrosis. : SCF is useful for treatnent of
acquired i nmune deficiency (A DS) or_severe conbi ned i nmunodefi ci ency
states (SCID) alone or in conbi nati on witth other factors such as IL-7
(see Exanple 14). Illustrative of this 10 effect is the ability of SCF
therapy to increase the absolute le eh gfzcirculating T- hel per (CD4+,
OKT4+) | ynphocytes. These cells are £ é primary cellul ar target of
human i mmunodefi ci ency SummaryHbE) Pl eifficatian of Mammaldamd@RE i ci ency
state in AIDS patients [Mntagnier, 15 -in Human T-Cell Leukem a/Lynphona
Virus, ed. R C —eaHeo—=Cotd—Sprrnag—Harbor—NewYork;—369=875—(1984)].
In addition, SCF is useful for conmbatting the myel osugiRtedki ve

ef fects of agtistuag drugs such as AZT [ Coarbilinied (R0 PR he AP ( 54
(1989)]. 20 Aé?'rs—um—ﬁmﬂwﬁm‘n@mvrrﬁlo i '

recovery after acute bl ood | oss. In vivo treatnent with SCF
is useful as a condh@28helOmbAeummMune syst em33g, Fooght i ng eprd asi a

(cancer). An exaggle o; tTe therapeutic utility pof dire ﬂ ne
functi on enhancBfeft SBylY PeBent Iy cl oned cfﬁ I'ne (ILS%Q descri bed
i n Rosenberg etAgh~54 N. Eng. J. Med., 313 148%01987). 1,513

The admi ni sfpat 0.0 J3Ch WhLDOLACK-2gERiSe2  Supfy as one gfyfrore ot her

hemat opoi etTC factors, enporally spaced or,%&uﬂ1toget er. Prior
treat nent S—-Sepharose 54 ' 10
Cy4 resin3 7.3 0.25-0.406

1. vValues given represent sums of the values for the
different batches described in the text.

2. As described'above in this Example, precipitated
material which appeared during dialysis of this
sample in preparation for S-Sepharose chromatography

15

was removed by centrifugation. The sample after .
centrifugation (480 ml) contained 264 mg of total
20 protein.
3. Combination of the active gradient fractions from
the two C4'columns run in sequence as described.
4. Only 450 ml of this material was used for the
following step (this Example, above).
S. Determined by the method of Bradford (supra, 1976)

except where indicated otherwise.

25

6. Estimate, based on intensity of silver~staining
after SDS-PAGE, and on amino acid composition
analysis as described in section K of Example 2.

30
D. SDS-PAGE and Glycosidase Treatments
SDS-PAGE of pooled gradient fractions from the

two large scale C, column runs are shown in Figure 9.
Sixty ul of the pool for the first C, column was loaded
35_ (lane 1), and 40 ul of the pool for the second C4 column

(lane 2). These gel lanes were silver-stained.



wi th SCF enl arges a progenitor popul ati on which responds to

termnal l y-acting henmat opoi etic factors such as G CSF or EPO. The route
of admi nistration nmay be intravenous, i ntraperitoneal sub-cutaneous, or
i ntramuscul ar. 35 The subject invention also relates to

anti bodi es specifically binding stemcell factor.

- 27 - Exanpl e 7 bel ow descri bes—t#2 production of pol ycl ona

anti bodi es. A further enbodi nent of the invention is nonocl onal

ant i bodi es specificallf bi ndji ng SCF, (see Exapple 20). In contrast to
conventional ant¥ ?F(Yﬁﬂ%ﬁ% 8ﬁékérﬁrﬁﬁé?a??o SQItR$A t59F cal Iy i ncl ude

different anti bopligsréli¢ectag megiipakddi Eher &bf fusel g By ra g S I
(epi topes), each mpnoclpngl antiho LS. i rect agai,nst a si e
det er mi nant on t“r\%?%ﬁf?ge%ovae an%bﬁé&?%n%\?ea tlggh‘?‘g% rekeuge??ﬁl{]goﬁ’ npr ove
the 10 sel ecti vitegpeesespediia divjogical hgnastive amalt eunbd Vit i thad assay
nmet hods usi ngs anf J s 0t hady, Qg 095 g 4 .
neutralize 095 re_n%gipﬁ l#rom sgle%rng%wAlsAiég%%]é%dd%%\%%%ég%eé%?g%%%bg onal
anti bodies is that q}&sosylékﬂﬂﬂ-be synthesized by hybri doma cells in
culture, 15 uncontam nat edprd)cHira@k et MFENEOWE %éé’bﬁ{lé\@i&?} P\ ified

cu

anti bodi es may be prepared from.supernat ant f ur ed _
Y maégrfgl was iodina@ed_with 29 + treated with a variety

of glycosidases, and aﬁalyzed'by SDS-PAGE (reducing
10 conditions) with autoradiography. Results are shown in
Figure 9. Lanes 3 and 9, 1251_1abeled material without
- any glycosidase treatment. Lanes 4-8 represent
1251-1abeled material.treated with glycosidases, as
follows. Lane 4, neuraminidase. Lane S5, neuraminidase
15 and O-glycanase. Lane 6§, N-glycanase. Lane 7, '
neuraminidase and N-glycanase. Lane 8, neuraminidase,
O-glycanase, and N-glycanase. Conditions were 5 mM
3-{ (3-cholamidopropyl)dimethylammonio]~l1-propanesul-
fonate (CHAPS), 33 mM 2-mercaptoethancl, 10 mM Tris-HC1l,
20 pH 7-7.2, for 3 h at 37°C. Neuraminidase (from
Arthrobacter ureafaciens; Calbiochem) was used at 0.23
units/ml final concentration. O-Glycanase (Genzyme;

endo-a1pha-N-acetyl-galactosaminidase) was used at 4S5
milliunits/ml. N-Glycanase (Genzyme;
25 peptide:N-glycosidase'F;'peptide-N4[N-acetyl-beta-
glucosaminyl ]asparagine amidase) was used at
10 units/ml. _
Similar results to those of Figure 9 were
obtained upon treatment of unlabeled purified SCF with
30 glycosidases, and visualization of products by silver-
~ staining after SDS-PAGE.
Where appropriate, various control incubations
'were carried out. These included: incubation in
appropriate buffer, but without glycosidases, to verify
35 that results were due to the glycosidase preparations’
added; incubation with glycosylated proteins (e.q.



hybri doma cells or fromascites induced by intra- peritoneal

I nocul ati on of hybridoma cells into mce. The hybri donma techni que
described originally by Kohler 20 and MIstein [Eur. J. |nmunol. 6,
511-519 (1976)] has been widely applied to produce hybrid cell lines

t hat secrete high | evels of nonocl ongy anti bodi es agai nst many
speci fic antigens. The followi ng exanples are offered to nore
25 fully illustrate the invention, but are not-to be construed as
liniting the scopgcbBglaekd recombinant human erythrop01e YVRdodn to

Purification/ Chara ri N 2Qf m 0] Buffalo Rat
Li ver Cell Condlg o%‘é% ﬁégkﬁ% £8r %g gfﬁ Je/ﬂ ftooglv@é]lfﬁs %ﬁ%
EPP- CFC Assay 3§lycosidase eflgmesaunsed wemeeathﬁ3knaﬂdxpnuﬂbati¢wlt|es

wh;gh can be at{5iRuEegcbeiblgedabE aho "BBR I f &0 SEify that the
' 5 glycosidases were not themselves contributing to or

obscuring the wvisualized gel bands.

Glycosidase treatments were also carried out
with endo-beta-N-acetylglucosamidase F (endo F; NEN
Dupont) and with endo-beta-N-acetylglucosaminidase H

10 (endo H; NEN Dupont), again with appropriate control
incubations. Conditions of treatment with endo F
were: boiling 3 min in the presence of 1% (w/v) SDS,
100 mM 2-mercaptoethanbl, 100 mM EDTA, 320 mM sodium
phosphate, pH 6, followed by 3-fold dilution with the

15 inclusion of Nonidet P-40 (1.17%, v/v, fihal_conéen-
tration), sodium phosphate (200 mM, final concentra-
tion), and endo F (7 units/ml, final concentration).
Conditions of endo H treatment were similar except that
SDS concentration was 0.5% (w/v) and endo H was used at

20 a concentration of 1 ug/ml. The results with endo F
were the same as those with N-glycanase, whereas endo H
‘had no effect on the purified SCF material.

A number of conclusions can be drawn from the
glyosidase experiments described above. The various

25 treatments with N-glycanase [which removes both complex
and high-mannosé N-linked carbohydrate (Tarentino
et al., Biochemistry 24, 4665-4671) (1985)], endo F
{which acts similarly to N-glycanase (Elder and
Alexander, Proc. Natl. Acad. Sci. USA 22,24540-4544

30 (1982)], endo H {which removes high-mannose and certain
hybrid type N-linked carbohydrate (Tarentino et al.
Methods Enzymol. 50C, 574-580 (1978)], neuraminidase
(which removes sialic acid residues), and O-glycanase

[which removes certain O-linked carbohydrates (Lambin
35 et al., Biochem. Soc. Trans. 12, 599-600 (1984)],
suggest that: both N-linked and O-linked carbohydrates




as well as the reconbinant rat SCF protein. One such activity is its

effect onearly hematopoietic cells. This activity can be nmeasured in a
High Proliferative Potential Colony Form ng Cell (HPP-CFC) assay

[ Zsebo, 5 et al., supra (1988)]. To investigate the.effects of factors
on early hematopoietic cells, the HPP-CF¢,assay systemutilizes nouse
bone marrow derived fromanimals 2- days after 5-fluorouracil (5-FU)
treatnment. The chenot herapeutic drug 5-FU selectively depletes late 10

hemat opoi eti c F”éEE”bEéHéht ahU@M B@ EHE ﬂelQﬁkbﬁanEbohyd?QEEYLBrBQGQhEOV
cell s and hence factors whi'ch a |s. The rat SCF is plated

in the presence cAmplex &gpey GP IE‘Blﬁﬁ §€ﬁg éﬁIPHeéﬁaF'cUFFHré§ 1?ﬁétagar
cul tures contai nsddcays iwmeliaige paedi o - t&mmnﬁe%ﬁsléeiak bOSme serum

0. 3% agar, and 2Xx ne. _marro T nedium
contains the 1%%5?%& F @508 gh?ﬁfglghﬁ g%?? ﬁgdptgfggﬁ 8 with
0.1 mM pyruva e,oltk vned sfram lamhnananmdasqugneeZdataonExamples§eent | @he

am no aci ds, 0.0/ eféﬁﬂﬁﬁPJES%ﬁEBQ”@EQh §- §§§ ZRa ¥';§H§8

gl ut am ne, 25 [erT seri asp ara |ne The
bone narrOM/ceIIErE%29anaSﬁﬂM§§Wﬁ@dnﬂﬂéﬁﬁB§PB/éoﬁvéétlhP%cBéﬁerogen&Pua 150

g/ kg 5 FU._ e { 11sprd@nkabyesbsdpacaays 99§£e5-ﬂbrauﬁ§e%m t of

the mce and bone marrow I's fl ushed bl o cells5 are lysed
with red bl ood cEIich Afe,guch mPé&gBHP°€BBEPBﬁ Efcﬁ%ﬂébﬁiebFlﬁ%tPotbPat|ng
Test sulisg arts&scmﬁdﬂ ahat ellhothenabpueerixl Ur€pt@s@AtdMhe samshes.

housands of celf LA Lh-o ity tht Rt aoasnaltd B Ehe IRMERAIRY: ne
purification of heternganaﬂtywannalyansgéatlder|véd istabeF noteworthy
In a typical asSHat 'de %ggl(iﬂgie%oﬁ:ﬁg obtained by the combined
treatments with the varlous_glyc051dases are in the
15 range of M, 18,000-20,000, relative to the molecular
weight markers used in the SDS-PAGE.

Confirmation that the diffusely-migrating
material around the M, 31,000 position on SDS-PAGE
represents biologically active material all having the

20 same basic polypeptide chain is given by the fact that
amino acid sequence data derived from material migrating
in this region (e.g., after electrophoretic transfer and
cyanogen bromide treatment; Example 2) matches that
demonstrated for the isolated gene whose expression by

25 recombinant DNA means leads to biologically-active
material (Example 4). '

EXAMPLE 2

30 Amino Acid Sequence Analysis of Mammalian SCF

A. Reverse-phase High Performance Liquid Chromatography
(HPLC) of Purified Protein

35 Approximately 5 ug of SCF purified as in
Example 1 (concentration = 0.117 mg/ml) was subjected to



proliferation of approximtely 50 HPP-CFC per 200, 000 cells plated. The
rat SCF has a synergistic activity on 35 5-FU treated nouse bone marrow

cells; HPP-CFC col oni es will not formin the presence of single factors
but the - 29 - conbi nati on of SCF
and CSF-1 or SCF and IL-6is active _ h? this assay. 2. MC/9 Assay
5 Anot her useful biological activity of both
natural | y-derived-and reconbinant rat SCF is the ability to cause the
proliferation oféqg% = afgient Id Bec, nabfBSibsed ! cbin€n 8a& ATCC
CRL 8306) . M/ 9 ‘el s'J'éa"rﬁel"g:’e‘Ep cultuuréglclihgvm'ath“a source of |L-4 acgf{r’di gto

the ATCC CRL 10 ¥dbd stiglehane, sha@mgdianfised THR (BROHRASES 1
1640, 4% fetal Rpmime SETneRr yddd vy WrdmnBreapdbildapledse A (GND%| X

O e S ey oS dbd & L2 KUt Sphape S FTETSF 10 ST
neasured by fgrsdcdtorittidé nbn thelcaidiflioroddehiai adbd) Yoodlh Malkibes,
PLECI 19,000 celload® £70Y b Pl sl s FhCack Edrioweacpy sampl e for
' isocratic elution for another 10 min at a flow rate of
0.2 ml per min. After subtraction of a buffer blank
chromatogram, the SCF was apparent as a single
10 symmetrical peak at a retention time of 70.05 min as
shown in Figure 10. No major contaminating protein
peaks could be detected under these conditions.

B. Sequencing of Electrophoretically-Transferred
15 Protein Bands

SCF purified as in Example 1 (0.5-1.0 nmol)
was treated as follows with N-glycanase, an enzyme which
specificélly cleaves the Asn-linked carbohydrate

20 moieties covalently attached to proteins (see
Example 1D). Six ml of the pooled material from
fractions 4-6 of the C, column of Figure 5 was dr;ed
under vacuum. Then 150 yl of 14.25 mM CHAPS, 100 mM
2-mercaptoethanol, 335 mM sodium phosphate, pH 8.6 was
25 added and incubation carried out for 95 min at 37°C.
Next 300 ul of 74 mM sodium phosphate, 15 units/ml
N-glycanase, pH 8.6 was added and incubation continued
for 19 h. The sample was then run on a 9j18%
SDS-polyacrylamide gradient gel (0.7 mm thickness, 20x20
30 cm). Protein bands in the gel were electrophoretically
transferred onto polyvinyldifluoride (PVDF, Millipore
Corp.) using 10 mM Caps buffer (pH 10.5) at a constant
current of 0.5 Amp for 1 h [Matsudaira, J. Biol. Chem., .
261, 10035-10038 (1987)]. The transferred protein bands
35 ;;;e visualized by Coomassie Blue staining. Bands were
present at M. -29,000-33,000 and M, -26,000, i.e., the




[err]Hthym dine (specific activity 20 C/mol), harvesting t he
solution onto glass fiber filters, and then 20 neasuring specifically-bound
radi oactivity. This assay was used in the purification of mamal i an
cell derived rat SCF after the ACA 54 gel filtration step, section C2
of this Exanple. Typically, SCF caused_a4§-}0 fold I ncrease in CPM over
background. 25 3. CFU-Gv The action of purified mamali an
SCF, both natural | y-derived and reconbinant, free frominterfering

col ony stinul atj SFS) 0 ke LS e
marrozv has beenaggéggﬁé%éaggi %éf} %gsé%l;hé‘f r%(rfr&?z% et a% b@b
Hemat ol ., 5, 87Fig9r®)P)istheeformertbardafepiesemes airdigessiedCr on nor mal

mar r ow. Bright¥rih®t 8hdPeRE TBELEOW £ObtSset £ md e S OTE F&ifl whictp! ood
cel'ls are plated in sem-soli ar cultures %i cant ai ni t he test
ta

olid
subst ance. AftgrlinBQyE?‘PﬂBYggatEo+%n¥%%P% i M PRI G Fub a0

cells are scgredut and directly loaded (40% for M, 29,000B83,000 The agar

cel 15 can be doPEPrenBdatnaB0s edpa ¢ 7t FFT Rrenfth) ‘Uitd A protekn ® 11°
sequencer (Applied Biosystems Inc., model 477). Protein
sequence analysis was performed using programs supplied
by the manufacturer (Hewick et al., J. Biol. Chem., 256

10 7990-79397 (198l1)]) and the released phenylthiohydéntoinyl
amino acids were analyzed on-line using'microbore_c18
reverse-phase HPLC. Both bands gave no signals for
20-28 sequencing cycles, suggesting that both were
unsequenceable by methodology using Edman chemistry.

15 The background level on each sequencing run was between
1-7 pmbl which was far below the protein amount present
in the bands. These data suggested that protein in the
bands was N-terminally blocked.

20 C. In-situ CNBr Cleavage of Electrophoretically-
' Transferred Protein and Sequencing

To confirm that the protein was in fact
blocked, the membranes were removed from the sequencer
25 (part B) and in situ cyanogen bromide (CNBr) cleavage of
the blotted bands was carried out [CNBr (5%, w/v) in 70%
formic acid for 1 h at 45°C] followed by drying and
sequence analysis. Strong sequence signals were
detected, representing internal peptides dbtained from
30 methionyl peptide bond cleavage by CNBr.
Both bands yielded identical mixed sequence
signals listed below for the first five cycles.

- 35



On nornmal nouse bone marrow, the purified 5 mammalian rat SCF was a
pluripotential CSF, stinulating the grow h of col onies consisting of
i mmat ure cel | s, neut r ophi | s, nacrophages,. eosi nophils, and nmegakaryo-
cytes without the requirenent for other factors. From 200, 000 cells
pl ated, over 100 such col oni es grow over tho 10 day period. Both rat and
human reconbi nant SCF stinul ate thé'ﬁ# duction of erythroid cells in
conbi nation with EPO, see Exanple 9. B. Conditioned Medium 15
Buffalo rat liver (BRL) 3A cells, fromthe Anmerican Type Culture

Col | ecti on ( ATCCR—1442y—nere growm—ommrerocarriers in a 20 liter
perfusion culture " syst aminorAchds pkdentdifii®d of SCF.  This system
utilizes 20 a Big %@&btge fgg engeh; (Model 11GCry) except for the

screens used for fetention o n1crocarr|ers ‘and t he oxygenati on tubi ng.
The 75 nicron neSwcde€r @énshgPe KBpi Glu: A& &t YAdcarrier cl ogging by
peri odic backsfl qug3. aaahi seed mhgpughaalgyﬁten1of check val ves and
conput er - con | ed Each n alternately acts as nedium
feed and harvestcgE eh: T#WB oéﬁ?fl%f oW Pattern ensures that the
screens do not clggleOsygesati;oflynasPro provided through a coil of

silicone tubing (50 feet long, 0.25 inch ID, 0.03 inch wall). The
growt h medi um 30 was M ni nmal

Essential Medium (with Earle's Salts) (G BCO, 2 nM glutamne, 3 g/L
gl ucose, try&*oos%o%*ho%m@seaﬁ%o9?lsiaéd simidp fse.baulallgowweosaroum and 5%

fetal calf serum

diy s identl except. for th
omi ssion of 35 ﬁms-ThghFeéét‘Gll oht & &g g&‘fﬁ? ‘ri EQF |t§‘res
(Pharmecia) at a@moentband andok 05150 Lpmel ﬁms theedied 29,000-33,000

band. These values are comparable to the original molar

amounts of protein loaded onto the sequencer. The

15 results confirmed that protein bands corresponding to
SCF contained a blocked N-terminus. Procedures used to
obtain useful sequence information for N-terminally
blocked proteins include: (a) deblocking the N-terminus
({see section D); and (b) generating peptides by internal

20 cleavages by CNBr (see Section E), by trypsin (see
Section F), and by Staphylococcus aureus (strain V-8)

protease (Glu-C) (see Section G). Sequence analysis can

proceed after the blocked N-terminal amino acid is

removed or the peptide fragments are isolated. Examples
25 are described in detail below. '

D. Sequence Analysis of BRL Stem Cell Factor Treated

with Pyroglutamic Acid Aminopeptidase

30 The chemical nature of the blockage moiety
present at the amino terminus of SCF was difficult to:
predict. Blockage can be post-translational in vivo
[(F. Wold, Ann. Rev. Biochem., 50, 783-814 (198l)] or may
occur in vitro during purification. Two post-

35 translational modifications are most commonly
observed. Acetylation of certain N-terminal amino acids



- 31 - with 3x 10[err] BRL 3A cells growmn in roller bottles and
renmoved by trypsinization. The cells were allowed to attach to and grow
on the mcrocarriers for eight days. G owt h nedi um was perfused through
the reactor as needed 5 based on glucose consunption. The gl ucose
concentration . was mai ntai ned at apgsoximately 1.5 g/L. After eight

days, the reactor was perfused with six volunes of serum free nmediumto
renove nost of the serum (protein concentration < 50 ug/m). The
reactor was tlsachopesr &tlad S@rbatediwi c8nuUREFUTt heaalysed bynNemtration fel

bel ow 2 gl. k50 i iRt O d hge S ; at a
9alre 100 abisE RS, ORNRE c?h Be Eﬁgﬁffggg'bgﬁgééiﬁg%o?he .

conti nuous perfusi‘on rate of approxi mately . ] f
culture was néing Fassd specsrometricoagapysagj aftangNTRRIBEPRLLY flow rate.

The di ssol ved yapek@a paptddeTdi tiraichedahigbetethonu@08€0h prorephufati on by

suppl ementing with pure ygen as necessary. The . ;tenperature was
mai nt ai ned 2at 93RtaFLHE. deliidation °%AbBFoﬁ?%%f§??1§%6g$?t%?%ubf serum

free condidyiclriec viadi Unmvwedy iggnehat gdmhaomathexpbove sydtehe 20re@d was
used as the SYartl g ' hPlenel obBhr o PHELd! SPEAGIuLLnDL U B, Rl i an
detect pyroglutamate, the enzyme pyroglutamate '
aminopeptidase can be used. This enzyme removes the
10 pyroglutamate residue, leaving a free amino terminus
starting at the second amino acid. Edman chemistry can
then be used for sequencing. _
SCF (purified as in Example 1; 400 pmol) in S0
mM sodium phosphate buffer (pH 7.6 containing
15 dithiothreitol and EDTA) was incubated with 1.5 units of
calf liver pyroglutamic acid aminopeptidase (pE-AP) for
16 h at 37°C. After reaction the mixture was directly
loaded onto the protein sequencer. A major sequence
. could be identified through 46 cycles. The initial
20 yield was about 40% and repetitive yield was 94.2%. The
N-terminal sequence of SCF including the N-terminal
pyroglutamic acid is:

pE-AP cleavage site
25 + 10
pyroGlu-Glu-Ile-Cys-Arg-Asn-Pro-Val-Thr-Asp-Asn-Val-Lys-Asp-Ile-Thr-Lys-

20 . ' 30
Leu-Va]-Ala—Asn-Leu-ProfAsn-Asp-Tyr-MetQI1e-Thr-téu-Asn-Tyr-Va]-
30
40
Ala-Gly-Met-Asp-Val-Leu-Pro-Ser-His-xxx-Trp-Leu-Arg-Asp-....ecea.

xxx, not assigned at position 43

35 These results indicated that SCF contains pyroglutamic
acid as its N-terminus.



C. Purification 25 Al'l purification work was carried out at
~4ferr]C unl ess indi cated ot herw se. - 1. DEAE-cel |l ul ose Anion
Exchange Chronat ogr aphy Condi ti oned nedi um gener ated by
serumfree 30 growmth of BRL 3A cells was clarified by filtration
t hrough 0.45 [err] Sartocapsul es (Sartariggs). Sever al di fferent batches
(412 L, 27 L, 39 L, 30.2 L, 37.5 L, and 161 L) were separately subjected
to concentration, diafiltration/buffer exchange, and DEAE-cell ul ose
anion 35 exchargple Jgyolmiiegy apidy Seiquencel haallysibi of CaBredebtidesbatch.
The DEAE-cel | ul ose pools were then conbined and
- 32 - processed further as one batch in sections C2-5 of this
Exanple. To illustrate, tls€hautliifigdofast hie Exabpbat ¢h(20-28asgas fol | ows.
The filtered condid.0 i caneentst -7 is
MI1lipore Pelli (r:io'not ]’Srgteg‘r‘#égﬂt wa%sm??g\iavt&ldt 9&?’ |ﬁl %]r gtﬁggﬁkgsgarggt g%s\%\n%tl%% our

S in Example 1. Conversion to the M, 26,000 material was

complete in this case. The sample was dried and
digested with CNBr in 70% formic acid (5%) for 18 h at
room temperature. The digest was diluted with water,

- dried, and redissolved in 0.1% trifluorocacetic acid.

10 CNBr peptides were separated by reverse-phase HPLC using
a C4 narrowbore column and elution conditions identical
to those described in Section A of this Example.

Several major peptide.fractions were isolated and
sequenced, and the results are summarized in the

15 following:

20

25

30

35



10, 000 nol ecul ar wei ght cutoff pol ysul fone nmenbrane cassettes (20 ft2
total nenbrane area; punp rate -1095 mM/mn and filtration rate 250-315
m/mn). Diafiltra- tion/buffer exchange in preparation for anion
exchange 10 chromat ography was then acconplished by adding 500 m of 50
mM Tris-HCL, pH 7.8 to the concentrate,. Bgconcen- trating to 500 n
using the tangential flowultrafiltra- tion apparatus, and repeating
this six additional times. The concentrated/ diafiltered preparati on was
15 finally recovered in a volunme of 700 m. The prepara- tion_was
applied to a DEAE—ceIIquseF&QEgg Hxchange colum (5 x 20.4 cm What man
DE-52 resin) which had been _- U|I|brated Wyt h the 50 mM Tris-HC, pH
7.8 buffer. Protéde sanpl JE‘ﬁp("l‘éhu onsequeRcecol um was washed with 20
2050 mM of the Tris-HO buffer, and a salt gradi ent (0-300 MM Nad in
the Tris-HC 4 L tot VOl une) s apptted—Fractrrons—of—i5—i
were coll ected aéB‘é rovfslr'éte of 167-Wr74- The chromat ography i s shown
in Figure 1. HPP-CFC col ony nunber refers to biological 25 activity in
t he HPP- CFC assay; 100 [err] romthe | actions was assayed.
Fractions collegﬁ%é during t%ﬂ?étl séhpl a %@?%ﬁ'r%ﬁ And wash are not
shown in the Figure; no bi ol ogi cdl. a\b-tAl-S'-rDt-V s/«,asca/eu_e&{_eg-tm.Phesen-
fractions. The behavi or ofg gl {_condi k_o_n_gd medi a bat ches 30
subjected to the concentration, diafiltration/bu exchange, and

ani on exchanie chr omat ogr aphy was simlar. Protein concentrations for

t he bat ches, cadgt er m ned Zgy ot he net haglvof-pBsafdicond -RAmawy Bi ochem 72,
248- 254 (1976)] wi th bovine serum al bum n as standard 35 were in the range
30-50 [err]g/m.. The total vol une of conditioned nediumutilized for
this preparati onCBsd8 aba@m, 1336 L.- (containing sequence of CB-8) '

cB-152 43,0 E~E-N-A-P~K-N-V-K-E-S-L-K-K-P~T-R-(N)-F-
15 ToP-E~E~F-F~S-I-F-D3_R-S-[-D-Ac=muum
CB-14 37.3
' and ) .
CB-16 : Both peptides contain identical sequence
to CB-15

20

1. Amino acids were not detected at positions 12, 13
and 25. Peptide b was not sequenced to the end.
© 2. (N) in CB-15 was not detected; it was inferred
25 based on the potential N-linked glycosylation
site. The peptide was not sequenced to the end.
3. Designates site where Asn may have been
converted into Asp upon N-glycanase removal of
N-linked sugar. :
30 4. Single letter code was used: A,Ala; C,Cys; 0,Asp;
E,Glu; F,Phe; G,Gly; H,His; I,Ile; K,Lys; L,Leu;
M,Met; N,Asn; P,Pro; Q,G61n; R,Arg; S,Ser; T,Thr;
V,val; W,Trp; and Y,Tyr.

35



- 33 - 2. ACA 54 Gel Filtration Chronatography :

Fractions having biological activity fromthe DEAE- cel | ul ose col ums
run for each of the six condi ti oned nedi a batches referred to above
(for 5 exanple, fractions 87-114 for the run shown in Figure 1) wer e
combi ned (total volume 2900 m) and concgptrated to a final volune of
74 M wth the use of Am con stirred cell s"and YMLO nenbranes. This
material was applied to an ACA 54 (LKB) gel filtration colum (Figure
2) 10 equilibrated i4bbdk M -Erdds'slé_g_(uen@(in@;:dﬁa@R;L Ridefr €¢ell rakldgtions of
14 mM were collected at a OW rate . | y
factors co-eluti ' mentsyctive fractions, t he. peak of activity

( HPP- CFC col ony nunbergCcrR A4S edplaist ;i nh@xavweile haged g previous 15

chr omat ogr ans, t activi,ty, co-elutes, with, th j or . . protein.peak and
t herefore one po 0dﬁ'éh§'¥%§@ﬁ?8ﬁ§m blcéé?°ﬁ§5g3 was-dlggsgﬁgaYl rm
Aggl uti ni n- Agar adsesCrofortatypgriaphay 20°C for 3.5 hkrafheodiggot1d@sfrom t he
ACA 54 gel f4 | ql eleG eRQRLeH a6R0A 2T by BBEPEY!
di‘vi ded i n hm1=%ﬁéﬁ%%%ﬁgﬂélﬁﬂgﬁﬁﬂegtgg £ Phabe natrow BFePeq! nbde
using elution conditions identical to those described in
Section A of this Example. All eluted peptide peaks had
retention times different from that of undigested SCF
10 (Section A). The sequence analyses of the isolated

peptides are shown below:

Retention
Peptide Time Sequence
15 (min)
-1 7.1 E-S-L-K~-K-P-E-T-R
p-21  28.1 V-§-V-(_)-K
T-3 32.4 I-V-D-D-L-V-A-A-M~E~E-N-A-P-K
20 T-42 40.0 N-F-T-P-E-E-F-F-S~-I-F~(_)-R

r-53  46.4 a. L-V-A-N-L-P~N-D-Y-M-I-T-L-N-Y-V-A-G-
M-D-V-L-P-S—-H-C-H-L-R
b. S-I-D-A-F-K-D-F-M-V-A=§-D-T-S-D-C-V-
L-S~{_)-(_)-L-G----

25 7-74  72.8 E-S-L~K-K-P-E-T~R-(N)~F-T-P-E-E-F-F-
S-I-F-(_)-R
T-8 73.6 E-S-L-K-K-P-E-T-R-N-F-T-P-E-E-F-F-S-I~
__F-D-R

1. Amino acid at position 4 was not assigned.
30 2. Amino acid at position 12 was not assigned.
3. Amino acids at positions 20 and 21 in 6 of peptide
T-5 were not identified; they were tentatively
assigned as O-linked sugar attachment sites.
4. Amino acid at position 10 was not detected; it was
35 inferred as Asn based on the potential N-linked
glycosylation site. Amino acid at position 21 was
not detected. | -



chromat ogr aphy using a wheat germ aggl uti ni n-agarose colum (5 x 24.5
cm resin fromE-Y Laboratories, 25 San Mateo, CA; wheat germ agglutinin

recogni zes certain carbohydrate structures) equilibrated in 20 nv
Tris-HO , 500 MM NaCl, pH 7.4. After the sanple applications, the

col um was washed wi th about 2200 ml of the col um buffer, and el ution
of bound material was then 30 acconplTsﬁ%d‘by applying a solution of 350
vl N-acetyl - D- gl ucosami ne di ssolved in the colum buffer, begi nni ng
at fraction -21Q in quure 3. Fragtlons of £ : i re collected at a
flow rate of 12%-m A§Siatdon and, i in

Figure 3. 35 P@eptidesolftie SF a&mems Gl Brxd@mace Wdraviigd yzed
against phosphat e- buf fer.ed saline; 5 ul .of the dialyzed

34 - materials were placed into the MJ9 assay %cpn1ya|ues in
Flgure 3) and 10 [err]| i 8€CE PHElfPEd T s FHAMRAS dnyf 20 wIndMber val ues in

Figure 3). 1kt qap fa@ aeant Qxﬂxﬁoﬁi’tﬁn blca&(Hdn\AQerTabSE' albheurdgt @ 4 he col um
and was eluted with t he hkaﬁ %@ﬁﬁ %%ucosan1ne wher éas nuch of the
t

cont ani nati ng w&ﬂ@rﬁapfﬁ§§§é8 Fhe & RRRFAFEERG S 5§£%ﬁﬁe$atl°
application andggagh.20. The digestion was accomplished at 37°C for

18 h. The digest was immediately separated by reverse-

phase narrowbore C, HPLC. Five major peptide fractions
10 were collected and sequenced as described below:

Retention
Peptides Time (min) Sequence
15

s-1 5.1  N-A-P-K-N-V-K-E
s-21 27.7 §-R-V-§-V~-{_)-K~-P-F-M-L-P-P-V-A-(A)
s-32 46.3 No sequence detected

20 s-53 71.0  S-L-K-K-P-E-T-R-N-F-T-P-E-E-F-F-S-I~F-
(N) -R-S-I~D-A~F-K-D-F-M-V-A-S-D

s-63  72:6 S-L-K-K-P-E-T-R-N-F-T~P~E-E-F~F-S-I~F-
' (N)~-R=-S-I-D-A~F-K~D-F-M~V~-A-S-D~-T-S-D

25
1. Amino acid at position 6 of S-2 peptide was not
assigned; this could be. an O-linked sugar
attachment site. The Ala at position’lé of S-2
30 peptide was detected in low yield.

2. Peptide S-3 could be the N-terminally blocked
peptide derived from the N-terminus of SCF.
3. N in parentheses was assigned as a potentiai
N-linked sugar attachment site.
35



4. S-Sepharose Fast Fl ow Cati on Exchange Chromatography 10

Fractions 211-225 fromthe wheat germ aggl uti ni n-agarose chronmat ogr aphy
shown in Figure 3 and equi val ent fractions fromthe second run were
pool ed (375 m) and dial yzed agai nst 25 nmM sodi um f or mat e, pH 4. 2.
To minimze the tinme of exposure to | ow p#H,-the 15 dialysis was done over
a period of 8 h, against 5 L of buffer, with four changes bei ng nade
during the 8 h period. At the end of thls dlaIyS|s perlod t he sanpl e
vol ume was 480 i oSelduérceHhaabysbs BR fn# et gfere cl ose
to those of th f PreC|p|tated mat er i al appeared in the
sanpl e during eBﬁ?%i%f??M renoved by centrifugation at

22,000 x g for 30 min, and the supernatant fromthe centrifuged sanple

was applied to a S Sephargéfz Fasig 2 in Fla)maltmn@m&mclba&geb@@latt@w(a% 3 X

10.25 cm resi [o naci a [ had bee ilihrated jn the
sodi um f%rﬁ%fbegh??e? aherete véﬁﬁ?@ﬂ?ﬁﬁhﬂ#?#ﬁ%ﬁﬁﬂ%ﬂﬁ? fthen 14 2

m were coIIectedd;#ébkvesaﬂmlBoapwl|@elglncxaluacet1dxﬂcuMn was Mesired with
240 m of colu f n t' 0 ferdal s .carried out
by applying a g€°P§r ;%ﬁtgﬁ?eﬁs g %§%$%§§%§§$53d3§ EE%, d\M% gg%lunn
buffer; total gsatmehenvandnthe2obxrhie wagiindulptad at ﬁﬂ%ﬂnﬁoan -45 in
Figure 4. The n [ [ [ I

g €6 UhiR" pmé L@aefe‘lémm%ure Wad awrﬁaﬂme‘ao[d ﬁ%l%mo o7 M

fractions were adjusted t dition of 200
Tris base. lel'hec%Btréﬁ‘ﬁﬂ?ﬁlﬂ‘gur%h% AT Lan ‘T%’?’é?uet &%%@&téﬁﬂtte? d'b‘ttd‘# ned in
the MC/ 9 biol ogi¢al ypsspwatdrf tamdsagdid R tdicalledf water. The

combined extracts were then subjected to sequence

analysis as described above. The following sequence was
detected:

15 1 10
Leu-Arg-Asp-Met-Val-Thr-His-leu-Ser-Val-Ser-Leu-Thr-Thr-Leu-Leu-

20 30
Asp-Lys-Phe-Ser-Asn-Ile-Ser-Glu-Gly-Leu-Ser-(Asn)-Tyr-Ser-Ite~Ile-
40 |
20  Asp-Lys-Leu-Gly-Lys-Ile-Val-Asp----

Position 28 was not positively assigned; it was assigned
as Asn based on the potential N-linked glycosylation
site.

25
I. C-Terminal Amino Acid Determination of BRL Stem Cell

Factor
An aliquot of SCF protein (500 pmol) was
buffer-exchanged into 10 mM sodium acetate, pH 4.0
30 (final volume of 90 ul) and Brij-35 was added to 0.05%
(w/v). A 5 ul aliquot was taken for quantitation of
protein. Forty ul of the sample was diluted to 100 ul
with the buffer described above. Carboxypeptidase P
(from Penicillium janthinellum) was added at an enzyme-
35 to-substrate ratio of 1:200. The digestion proceeded at
25°C and 20 ul aliquots were taken at 0, 15, 30, 60 and




- 35 - fractions were dial yzed agai nst phosphate-buffered sal i ne,

and 20 [err]l placed into the assay. It can be seen in Figure 4 that
~the mpjority of biologically active mat eri al passed through the colum

unbound, whereas nuch 5 of the contami nating material bound and was el uted

in the salt gradient. 5. Chrosat egraphy Using Silica-Bound

Hydr ocar bon Resin Fractions 4-40 fromthe S-Sepharose colum

of 10 Figure 4 were pooled (540 nml). 450 nl of the pool was conbi ned

with an equal ViRl BRE edflqss(tm wWis tergianahednehceaql et iped
6: i sopropanol ; 25 {O)p rEH&ﬂHH'6¥1fluorékc§tihoﬁbiat6003 P#Rapl /h to a

Cerr] colum (“Wydac Protelns 4, 2 cm eqU|I|brated with buffer
A 15 (60 mv arﬁﬁﬂﬁ%%ﬂ:‘é‘t%&é’ -6 |T§6pﬁaﬁaﬂ16ﬁ wgperdayed)and thegter

sanmpl e appl i catﬂémaaééua dnhinve raaixeismm:@eaueedatezed b95ﬂe£¢gfb@ﬂd#i§l@e
adl ent rom

col um was i nea

butfor A to puliansed ‘eriqk e lagesay arorarrofaeshen  BEAYEa. and
fractions of 20chBPodide) wiar € LDIM dali€d,; (BHr 8. Opsavf70he Hool 12 r@m

S- Sephar ose chr ol art a unt ough
pool , and wash éc%%g%erek%l" tods EH ks fg?nflb%)g/ ﬂgé@e)r[rm aﬁb

by addi tion of éﬂrlvatkﬂﬁﬂ(ﬁﬂhﬂﬂ(?QA@SUWQHSfSaXE nmgf neach osimple Ltwerne and

25 dialyzed aggi %ﬁph@é:erdwd‘&r @@vgagénghaae HpL@r@P@ﬁaé' on for
bi ol ogi cal assay. |mI erg
_ 10 odlflcatzo ocedure of Chang et al.

[Techn;ques in Protein Chemistry, T. Hugli ed., Acad.
Press, NY (1989), pp. 305-311]. Quantitative
composition results at each time point were obtained by

comparison to derivatized amino acid standards (1

15 pmol). At 0 time, contaminating glycine was detected.
Alanine was the only amino acid that increased with
incubation time. After 2 h incubation, Ala was deteétgd
at 3 total amount of 25 pmol, equivalent to 0.66 mole of
Ala released per mole of protein. This result indicated

20 that the natural mammalian SCF molecule contains Ala'as
its Carboxfl terminus, consistent with the sequence
analysis of a C-terminal peptide, S-2, which contains
C-terminal Ala. This conclusion is also consistent Qith
the known specificity of carboxypeptidase P [Lu et al.,

25 J. Chromatog. 447, 351-364 (1988)]. For example,
cleavage ceases if the sequence Pro-Val is
encountered. Peptide S-2 has the sequence S-R-V-S-V-
(T)-K-P-F-M-L-P-P-V-A-(A) and was deduced to be the
C-terminal peptide of SCF (see Section J in this

30 Example}. The C-terminal sequence of ---P-V-A-(A)
restricts the protease cleavage to alanine only. The
amino acid composition of peptide S-2 indicates the
presence of 1 Thr, 2 Ser, 3 Pro, 2 Ala, 3 Val, 1 Met,

1 Leu, 1 Phe, 1 Lys, and 1 Arg, totalling 16 residues.

35 The detection of 2 Ala residues indicates that there may
be two Ala residues at the C-terminus of this peptide



aliquots of the gradient fractions were conbined with 360 [err]l of
phosphat e-buffered saline containing 16 [err]g bovi ne serum al bum n,
and this was foll owed by dialysis 30 agai nst phosphate-buffered saline in
preparation for bi ol ogi cal assay. These various fractions were assayed
by the MJ/9 assay (6.3 [err]l aliquots-of2the prepared gr adi ent
fractions; cpmin Figure 5). The assay results al so indicated that
about 75% of the recovered activity 35 was in the runthrough and wash
fractions, and 25%ei tatlle in SgecadoenG)frathusnshenHRLated kerhigartess.

SDS- PAGE - 36 - [ Laenmi i,

Nat ure, 227, 688F6§%a(f§?0ff g%gc%F%Q gel s contai ned 4% (w v)
acryl am de and separating gels contained 12.5% (w v) acryl am de] of

al i quots of var{jous gequefc@CbiFoggri s shown in Figure 6. For the gel shown,
5 sanpl e aliqguots mETéLHTTEU‘UnUET vacuum and t hen redi ssol ved using 20
[err]] sanplé treatnent buffer (nonreducing, i.e., wthout

2-ner capt oet hanol ) and  Bybebhedning bh&i pepileos sOthoaddngrgnt o the gel .
Lanes A°  and B hepr%sent C%Lung s? tin L tg ialﬁé ? E§££¥l out of 10'
890 m1) and ool RTFUEARENABIINS(Toof ol 111 +B0eCEr SERD Ff ) EspeEEFvel y;
t he nunber ed narlescatinghd tiseNt-tetmihel pyroglutamic acid, (2) the CNBr
peptides, (3) the trypsin peptides, and (4) the Glu-C
10 peptidase fragments, an N-terminal sequence and a
C-terminal sequence were deduced (Figure 11). The
N-terminal sequence starts at pyroglutamic acid and ends
at Met-48. The C-terminal sequence contains 84/85 amino
acids (position 82 to 164/165). The sequence from
15 position'49 to 81 was not detected in any of the
peptides isolated. However, a sequence was detected for
a large peptide after BNPS-skatole cleavage of BRL SCF
as described in Section H of this Example. From these
additional data, as well as DNA sequence obtained from
20 rat SCF (Example 3) the N- and C-terminal sequences can
be aligned and the overall sequence delineated as shown
in Figure 11. The N-terminus of the molecule is
pyroglutamic acid and the C-terminus is alanine as
confirmed by pyroglutamate aminopeptidase digestidn and
25 carboxypeptidase P digestion, respectively.
From the sequence data, it is concluded that
Asn-72 is glycosylated; Asn-109 and Asn-120 are probably
glycosylated in some molecules but not in others.
Asn-65 could be detected during sequence analysis and
30 therefore may only be partially glycosylated, if at
‘all. Ser-142, Thr-143 and Thr-155, predicted from DNA
sequence, could not be detected during amino acid
sequence analysis and therefore could be sites of
O-linked carbohydrate attachment. These potential
35 carbohydrate attachment sites are indicated in
Figure 11; N-linked carbohydrate is indicated by solid



Figure represent mgration positions (reduced) of mar ker s havi ng

nol ecul ar weights of 10[err] tinmes the indi cated nunbers, where the

mar kers are phosphorylase b 15 (M of 97,400), bovine serum al bumn (M of

66, 200), oval bumin (Merr] of 42,700), carbonic anhydrase (Merr] of

31,000), soybean trypsin inhibitor (M-03§324,500), and | ysozynme (M err]

of 14,400); lanes 4-9 represent the correspondi ng fractions col |l ected

during application of 20 the gradient (60 [err]l out of 9.1 m). . The gel

was silver-  bolgd dettEringi sQayinked | cath te 157 imgdicayed by

(1981)]. It cangem RAM hereerpaging | anes A and B that the majority

of stainable material passes through the colum. The stained materi al

in fractions 4-6 in the 25 regions just above and bel ow the M 31, 000

st andard poX.l i amind AcideSompdyit hendl Al ywils aoff iBRI ySelemect ed

in the gradi@pt(;rqp T (Firgure 5) and represents the bi ol ogically

active materi-al : be noted that this material is visualized in

| anes 4-6, but not in 30 |anes A and/or B, because a ruch | arger

proportion of - the tot g cyokyee(Gn 6% 0f, e Joi U fsorg (£ ach i gps 4-6
or | A and | o& t he

versus 0.0084% of the total anes and B) was ed for

former. FractioR¥eRaged &Rt AMdNEopGHY COMPRREYEQoAdysiss by As
ment i oned abovecdntéditinatid¥ ahdt beffer éesmMRiedm i90 toM raimdRi@Rgh the

G colum OHO bicarbonate.
Two 70 ul samples were separately hydrolyzed

in 6 N HCl containing 0.1% phenol and 0.05%
2-mercaptoethanol at 110°C in vacuo for 24 h. The
hydrolysates were dried, reconstituted into sodium

15 citrate buffer, and analyzed using ion exchange
chromatography (Beckman Model 6300 amino acid
analyzer). The results are shown in Table 3. Using 164
amino acids (from the protein sequencing data) to
calculate amino acid composition gives a better match to

20 predicted values than using 193 amino acids (as deduced

from PCR-derived DNA sequencing data, Figure 14C).

25

30

35



- 37 Figure 5. This material was rechronmat ographed using C4

resin essentially as described above, except that a | arger colum (1.4
X 7.8 cm and slower flow rate (50-60 m /h throughout) were used. '
Roughly 50% of recovered 5 activity was in the runthrough, and 50%in

gr adi ent fractions showi ng simlar—-appearance on SDS- PAGE to that

of the active gradient fractions in Figure 6. Active fractions were
pooled (29 m). " An analyticihHC[ rr] colum was al so _
perfornmed 10 essentially as stated above the fractions were assayed
in both bioassays. _As .indi.cated in, Fig ' om t hi s
anal ytical colum, Suantitaijvegmino Acig PIEAR SR8 B SATTA AR S

SDS- PACE anal ysi s (Fi gure 8). 1.6 P .presence of. the. 15 Merr]
-31,000 protein in the co Antino. Acid-topos! ir%%tpl.!bont@é'sq ui;ed%;&fd Qg2
activity in goth assays. AC mat

(relatively

\ EE'nraoEémacti Vi %n Qqakl q@,ﬁnﬂ' n S- Sephar psemchromt ogra_phy
(e.g. Figure 4, = garty - fractions T1m the 20-sart gradi ent)

has al so been pytjfied by C4 o4 qghromaogy aphy. 1t exhpditedyg he sane
behavi or on

TRPS- PAGE and hggl 37he sageadN-terminal anino acjd sequence
(see Exanple 2Dg.as the nmateri g, g2t ai nadipy 4 chr pgrat ogzeaphy of the
S- Sephar ose rung%{ ough fracti ong,4425 11.%7 Purificati ol Sumey
A summary of theegurification 3080 ded0c8ded in 1-3abovlis given in
Table 2. 3010 @iy 5.81 6.20 4 5
Ala 8.62 8.3%5 7/8 8
Cys nd - nd 4 5
Val 14.03 13.96 15 15
Met 4,05 3.99 6 7
Ile 8.31 8.33 9 10
Leu 17.02 - 16.97 16 19
15 Tyr 2.86 2.84 3 7
. Phe . 7.96 7.92 8 8
His 2.11 2.11 : 2 3
Lys 10.35 11.28 12 14
Trp nd nd 1 1
Arg 4.93 4.99 5 6
20 Total 158 158 164/165 193
Calculated molecular weight - : 18_,4243
1. Based on 158 residﬁes from protein sequence
25 analysis (excluding Cys and Trp).
2. Theoretical values calculated from protein.
sequence data (A) or from DNA sequence data (B).
3. Based on 1-164 sequence.
30

Inclusion of a known amount of an internal
standard in the amino acid composition analyses also
allowed quantitation of protein in the sample; a value
of 0.117 mg/ml was obtained for the sample analyzed.

35



35 . - 38 -

Table 2 Summary of Purification of Mammal i an SCF

Total 5 Step Volunme (m) Protein (ng)5
Condi ti oned nedi um 335, 700 13,475 - DEAE cellul ose[err]
2,900 2,164 ACA- 54 - 55 - 550 1,513 10
Wheat ger m aggl uti ni n-agar ose2 . 375 " 431 S- Sephar ose

540[ err] 10 . C4 resin3 ; 57.3
0.25-0.40[err] EXAMPLE 3

.Cloning of the Genes for Rat and Human SCF

A, Amglification and Sequencing of Rat SCF cDNA
5 Fragments '

Determination of the amino acid sequence of
fragments of the rat SCF protein made it possible to
design mixed sequence cligonucleotides specific for rat

10 SCF. The oligonucleotides were used as hybridization
probes to screen rat cDNA and genomic libraries and as
primers in attempts to amplify portions of the cDNA
using polymerase chain reaction (PCR) strategies
([Mullis et al., Methods in Enzymol. 155, 335-350

15 (1987)]. The oligodeoxynucleotides were synthésized by
the phosphoramidite method [Beaucage, et al.,
Tetrahedron Lett., 22, 1859-1862 (1981); McBride,
et al., Tetrahedron Lett., 24, 245-248 (1983)]; their
sequences are depicted in Figure 12A. The letters

20 represent A, adenine; T, thymine, C, cytosine;
G, gquanine;-I, inosine. The * in Figure 12A represents
oligonucleotides which contain restriction endonuclease
recognition sequehces. The sequences are written 5'-3',

A rat genomic library, a rat liver cDNA

25 1library, and two BRL cDNA libraries were screened using
_32P—1abe11ed mixed oligonucleotide probes, 219-21 and
219-22 (Figure 12A), whose sequences were based on amino
acid sequence obtained as in Example 2. No SCF clones
were isolated in these experiments using standard

30 methods of cDNA cloning [Maniatis, et al., Molecular
Cloning, Cold Spring Harbor 212-246 (1982)].

An alternate approach which did result in the
isolation of SCF nucleic acid sequences involved the use
of PCR techniques. " In this methodology, the region of

35 DNA éncompassed by two DNA primers is amplified
selectively in vitro by multiple cycles of replication



1. Values given represent sums of the values for the di fferent

bat ches described in the text. 15 2. As described above in this Exanple,
precipitated mat eri al which appeared during dialysis of this

sanple in preparation for S-Sepharose chromat ography was renoved by
centrifugation. The sanple after _ 5%gutrifugation (480 m) contained
264 ng of total 20 pr ot ein. nmbi hati on of the active gradi ent
fractions from the two CJerr] columms r.un in sequence as descri bed.

4. Only 450 m cgtélr})s%cfn%tfré &y WaS 1¢S laf ﬁblgﬁérase (sucﬁ0£§0%5§ 1Y
(this Exanpl e, abave) . Determned b radf ord (supra,

1976) )RﬂﬁﬁmQMﬁ§%§|Hﬂﬁ§§ﬂ(ﬁfqéﬁﬁ€PwP§e e°xY“B°leE§%$ﬁate based on
intensity of SI|6K¥pHH§pHHUE} in a the&hbebySDSrPAGEheaﬁﬂeODfﬁai89 agi d
conposition an |s as descri bed i ecti on K_of 5 Ex e 2. 30 .
D. SDS- PAGE anc?céﬂ‘gg B tie KRS ® ofl 6’6 1g°n%f)§e?>§@eof pool ed
gr adi ent frzuﬂl(primemsnuﬁuph flanh)uhar@@Assagaeﬁn tol bemamphsfaed ahdgwn in

‘Fi gure 9. r oI he S oaded
35g (lane 1), %?%&f eé% jLICi:'%ool ?gsgtheﬁggc%hgﬁc§§é§Fgc%?§EE
(lane 2). Theseayﬁcﬂ XM§Q§:ﬁIP@§¢4§Péﬁﬁe8NA region in a complex

mixture is accomplished by use of two primers with:
sequences sufficiently specific to that region. PCR

10 with single-sided specificity utilizes one region-
specific primer and a second primer which can prime at
target sites present on many or all of the DNA molecules

in a particular mixturxe [Loh et al., Science, 243,
217-220 (1989)].
15 - The DNA products of successful PCR
" amplification reactions are sources of DNA seqguence
information [Gyllensten, Biotechniques, 7, 700-708
(1989)] and can be used to make labeled hybridization
probes possessing greater length and higher specificity

20 than oligonucleotide probes. PCR products can also be
designed, with appropriate primer sequences, to be
cloned into plasmid vectors which allow the expression.
of the encoded peptide product.

The basic strategy for obtaining the DNA

25 sequence of the rat SCF cDNA is outlined in
Figure 13A. The small arrows indicate PCR
amplifications and the thick arrows indicate DNA
sequencing reactions. PCRs 90.6 and 96.2, in |
conjunction with DNA sequencing, were used to obtain

30 partial nucleic acid sequence for the rat SCF cDNA. The
primers used in these PCRs were mixed oligonucleotides
based on amino acid sequence depicted in Figure 11.
Using the sequence information obtained from PCRs 90.6
and 96.2, unique sequence primers (224-27 and 224-28,

35 Figure 12A) were made and used in subsequent
amplifications and sequencing reactions. DNA containing



- 39 - Mol ecul ar wei ght markers were as described for Fi gure 6.

As mentioned, the diffusely-mgrating mat eri al above and bel ow t he
Merr] 31,000 marker position represents the biologically active
material; the 5 apparent heterogeneity is largely due to heterogeneity .

I n glycosylatlon To characterize the glycosylation, purified
material was iodinated with 125}, treate87w-th a variety of

gl ycosi dases, and anal yzed by SDS- PAGE (reducing 10 conditions) with

aut or adi ography. Results are shown in Figure 9. Lanes 3 and 9,

1251 - | abel ed nmatdei &' entghofit the cBN) yhaycobkabredtivReRat 30. Ban&$ .48
represent 12nkekhb hanglﬁe g@hsibagzaé&aéﬁécm& ypeR| dases, as

foll ows. Lane 4, neuram nidasé. Lane 5, neuram nidase 15 and 0- glycanase.
Lane 6, N—glycaﬁééétloEéﬁenﬂA Seq“ﬁéﬁPaﬁ?ﬁFdE@%aQﬂ&F¢@ﬁﬂ?%aﬂﬁs§c Lane 8,

geFEgm EI flased rot@r.)ﬂlj%ﬁangﬁealﬂéd hlngb&naglase. @imﬂléé@unén&érﬁo%_&gg) a3
- - chol am_dopr op i me anmoni, 0 t opangsu

nNIZ-nercaptéetﬁ&Wﬁﬁ ndeg ﬁbl%b?s P@f & ﬁeg ?F Egtf§ﬁp3cﬁﬁgtw§ [err]C.
Neur am ni dase (bbeained Ambhrebacpeoduceafaaﬂehs 63Ial D) ogdeh) andsgysed at

0.23 units/gﬁype FLSQBCSQ%W&Rnfe&%é(cé‘dé‘t;fug?rﬁﬁnﬂ?lun'ppg,m

endo- al pha- N- ac actosam nida Was use

N-d ycanase (Geteghaigegs pepdi do: Nbghinbrgdeke 12t SCF cDNA are

peptide- N4[ N- acgh¥byh8ka- bel1owd! UCOsam nyl | aspar agi ne am dase) was used at
10 units/m ., Simlar results to those of Figure 9 were

obt ai ned up&ﬁ treat ment oRNfnWaBePEAPRERY  feem RBL \Golls as described

by Okayama et al. {Methods Enzymol., 154, 3-28
(1987)). PolyA+ RNA was isolated using an oligo(dT)
cellulose column as described by Jacobson in [Methods in

Enzymology, volume 152, 254-261 (1987)].

15 Pirst-strand cDNA was synthesized using 1 ug
of BRL polyA+ RNA as template and (dT);,_;g as primer
according to the protocol supplied with the enzyme,
Mo-MLV reverse transcriptase (Bethesda Research
'Laboratories). RNA strand degradation was performed

20 wusing 0.14 M NaOH at 84°C for 10 min or incubation in a
boiling water bath for 5 min. Excess ammonium acetate
was added to neutralizé the solution, and the cDNA was
first extracted with phenol/chloroform, then extracted
with chloroform/iso-amyl alcohol, and precipitated with

25 ethanol. To make possible the use of oligo(dC)-related
primers in PCRs with single-sided specificity, a
poly(dG) tail was added to the 3' terminus of an aliquot
of the first-strand cDNA with terminal transferase from
calf thymus (Boeringer Mannheim) as previously described

30 [Deng et al., Methods Enzymol., 100, 96-103 (1983)].

Unless otherwise noted in the descriptions

which follow, the denaturation step in each PCR cycle
was set at 94°C, 1 min; and elongation was at 72°C for 3
or 4 min. The temperature and duration of annealing was
35 wvariable from PCR to PCR, often representing a
compromise based on the estimated requirements of



30 glycosidases, and visualization of products by silver- st ai ni ng
af t er SDS- PACGE. Where appropriate, various contro

i ncubati ons were carried out. These included: incubation in
appropriate buffer, but w thout glycosidases, to verify 35 that results
were due to the glycosidase preparationss8 - added; incubation wi'th

gl ycosyl ated proteins (e.qg. - 40 -

gl ycosyl at ed reconbi nant hunman eryt hropoietin).known to be substrates
for the glycosi deyesalt difdeirientt RERst heing capt gimkialdse enzynes used were
active; and '”Cgliﬂxhg%neousw N ﬁh&ﬁoég?ﬂéﬁscé’&&e SURS S AlEre t PedGELEY
that the 5 glycosidases weré not thenhselves contributing to or

obscuring the viteudeissear fbie Bgsygulation of primery 3kt [Wabsapnt s

vere al so. carri%glq@icatidﬂst,h 26ndg- b@b@s,\hacmada! e Tag e fmégndo F;
NEN Dupont ) Tand Wi en :béhg-N—gcet | ucosam ni dase, H 10 (endo H;
NEN Dupont ), Sag#eh S Ler MaeB BOR PEPAUCE GORARTKEAIAON (4ARl Biohs. of
treatnent with endeter annsaldngbeiilmesgadd nhigher tpre me e seseee of r 408 6HE V)
SDS, 100 nmM 2- ner t Qet |, 100. EDTA, odi um
phosphate, pH 6756 Iu%%d%%yqi&?gﬁaéd%g%bn A\f\\n %%lqzhe@%% rct usi on of
Noni det P-40 (1det¥rmiming ithel anoreding temperature was the estimated

Tq of primer—-target association [Suggs et al., in

10 Developmental Biology Using Purified_Genes eds.

Brown, D.D. and Fox, C.F. (Academic, New York)

pp. 683-693 (1981)]. The enzymes used in the

amplifications were obtained from either of three

manufacturers: Stratagene, Pfomega, or Perkin-Elmer
1S Cetus. The reaction'compounds were used as suggested by
the manufacturer. The amblifications were performed in
either a Coy Tempcycle or a Perkin-Elmer Cetus DNA-
thermocycler. : '
Amplification'of SCF cDNA fragments was
20 usually assayed by agarose gel electrophoresis in the
presence of ethidium bromide and visualization by
fluorescence of DNA bands stimulated by ultraviolet
irradiation. In some cases where small fragments were
anticipated, PCR products were analyzed by
25 polyacrylamide gel electrophoresis. Confirmation that
the observed bands represented SCF cDNA fragments was
obtained by observation of appropriate DNA bands upon
subseqguent amplification'with one or more internally-
nested primers. Final confirmation was by dideoxy
30 "sequencing [Sangér et al., Proc., Natl. Acad. Sci. USA,
- 74, 5463-5467 (1977)] of the PCR product and éomparison
of the predicted translation products with SCF peptide

sequence information.
~In the initial PCR experiments, mixed
35 oligonucleotides based on SCF protein sequence were used
{Gould, Proc,-Natl. Acad. Sci. USA, 86, 1934-1938




tration), sodium phosphate (200 mM final concentra- tion), and endo F
(7 units/ M, final concentration). Conditions of endo H treatnent were
simlar except that SDS concentration was 0.5% (w v) and endo H was
used at 20 a concentration of 1 [err]g/m. The results with endo F

were the sane as those with N—glycanase wher eas endo H had no effect
on the purified SCF material . 59 - A nunber of concl usions can be
drawn fromthe gly05|dase experinments descri bed above. The various 25
treatnments with ycanas whi ch yenobves .both %ogBIeFCR' and

hi gh- mannose NJ%%ﬁéé % CPaTERER8° © ®af =% Biochenistry 24,
4665-4671) (19&&)§hﬂmzﬁms tHathiwereaatsedsitmi bhthjnt ONA- gegeanagee ( El der
and Al exander U 5 4 (1982)1,
endo H [which é‘r'Fo a%m'ﬁaé&nn@gé’gdcaand%ggﬁt §ﬁc38m6 é@lﬂé é?g‘gsl\l-?lgnke
carbohydrate (Tarerid.no et al. Met hods EnzynDI 50C, 574-580 (1978)],

. neuram ni dase (whi ch xlfr?filb@?ss@'aal 'HhLa‘é'D‘iﬁAr Qshduﬁlﬁhf%d Qighycanase

[ which renoves certain O 11 nked car boh ydr at es & et al Bloghem

Soc. Trans. 12,4 FeplecRRGN g¥%)32 %&@QFGt Bt @ BSFﬁtP\Pfll KRitme g

O |i nked CarboﬁMﬂﬁﬁIesAn ali uot of the product of PCR 90.6-wdd - are
(?car bohydrate

present; npst ‘§1é£¥§£ﬁéééﬁgéd on an agarose'%e?fahgea band of about

the expected size was observed. One ul of the PCR 80.6

10 product was amplified further with 20 pmol each of
primers 222-11 and 223-6 in 50 ul for 15 cycles,
annealing at 45°C. A portion of this product was then
subjected to 25 cycles of amplification in the presence
of primers 222—ll'and 219-25 (PCR 96.2), yielding a

15 single major product band upon agarose gel
electrophoresis. Asymmetric amplification of the
product of PCR 96.2 with the same two primers produced a
template which was successfully sequenced. Further
selective amplification of SCF sequences in the product

20 of 96.2 was performed by PCR amplification of the
product in the presence of 222-11 and nested primer
219-21. The product of this PCR was used as a template
for asymmetric amplification and radiolabelled probe
production (PCR2).

25 To isolate the 5' end of the rat SCF cDNA,

'~ primers containing (dC), sequences, complimentary to the
poly(dG) tails of the cDNA, were utilized as non-
specific primers. PCR 90.3 contained (dC);, (10 pmol)
and 223-6 (4 pmol) as primers and BRL cDNA as

30 template. The feaction product acted like a very high
molecular weight aggregate, remaining close to the
loading well in agarose gel electrophoresis. One ul of
the product solution was further amplified in the
presence of 25 pmol of (dC);, and 10 pmol 223-6 in a
35 wvolume of 25 ul for 15 cycles, annealing at 45°C. One-
half ul of this product was ‘then amplified for 25 cycles



conplex type; and sialic acid is present, with at |east sonme of it
being part of the Olinked noieties. Sone I nformati on about possible
sites of N-linkage can be 5 obtained fromam no acid sequence data
(Exanple 2). The fact that treatnent with N-glycanase, endo F, and
N-gl ycanase/ neuram ni dase can convert _t g het er ogeneous mat eri al
apparent by SDS-PACE to faster-mgrating forns : whi ch are much nore
honbgeneous is consistent with the 10 conclusion that all of the nmaterial

represents the i inte Rl YPEMdlRd Wrlihethe1heber Q%ﬂ%'otllﬁe' ng caused by
het er ogenei ty |n yc S Iatlon It isS also notempr hat the

smal | est forns { The spavensg of Pﬁeat&ﬁnﬁ antﬁnthe vari ous
gl ycosi dases arEEigLn:et hlEZClS Ncﬁﬁgﬂxd@f wilre18b8@0vaE, 890 aghelbalel YRt 0 the

nmol ecul ar rkers. used in.the

Confirmation t¥f¥éthrfb??i% :% SFRE NG cycﬁﬁ?e?ﬁapcgroﬁﬁﬂ%ﬂ%éqﬂ’331 000
posi tion onSSDSQPNGEwererpgnﬁmmmms kiftkogiwbakhyoaet premineart dand walzavi ng
the 20 sane b epdd S % b act . that am no
aci d sequence gﬁ%a. #?ﬁe éégﬁn wanPFSﬁgh1ggs XaEQQeE ShttﬁPg Pegi on
(e.g., after a&aﬂ%%@ﬂ&ﬂﬂh%ﬁ&?éh@ﬁéﬂlahdg andyuaggehSBraaﬂde fneat ment ;

Exanpl e 2) nat%@%i&ﬂ&ﬂal 20 @%tBQtQQRf@BZShQ% ﬁhﬂksﬁﬁﬁ§”3twﬁ%$%

expression by 25 reco é nant e | ca acti
mat eri al (Examﬁ%fgbper ormed using 201-7 an HEStEdERAhPEE 24-33
Anmi no Aci d 18eqSeue rialg sias qfe dformeli aft&€Fasymmet AicRenplseipRasenH gh

Performance Li gyl G QB P equence which extended past the
putative amino terminus of the presumed signal peptide
coding sequence of pre-SCF.. This sequence was used to
design oligonucleotide primer 227-29 containing the §°

15 end of the coding region of the rat SCF cDNA.
Similarly, the 3' DNA sequence ehding at amino acid 162
was obtained by sequencing PCR 90.4 (see Figure 13.A).

B. Cloning of the Rat Stem Cell Factor Genomic DNA

20
. Probes made from PCR amplification of cDNA
encoding rat SCF as described in section A above were
used to screen a iibrary containing rat genomic
sequences (obtaiﬁed from CLONTECH Laboratories, Inc.;

25 catalog number RL1022 j). The library was constructed
in the bacteriophage A vector EMBL-3 SP6/T7 using DNA
obtained from an adult male Sprague-Dawley rat. The
library, as characterized by the supplier, contains 2.3
x108 independent clones with an average insert size of

30 16 kb. |

' PCRs were used to generate.32P-labeled probes

used in screening the genomic library. Probe PCR1
(Figure 13A) was prepared in a reaction which contained
16.7 uM 32p{alpha]-dATP, 200 wM dCTP, 200 uM 4GTP,

35 200 yM dTTP, reaction buffer supplied by Perkin Elmer
Cetus, Taq polymerase (Perkin Elmer Cetus) at 0.05



(HPLC) of Purified Protein 35 Approximately 5 [err]g of SCF

purified as in Exanple 1 (concentration = 0.117 ng/m ) was subjected to
- 42 - rever se- phase HPLC using a C4 narrowbore colum (Vydac,
300 A widebore, 2 mmx 15 cn). The protein was el uted with a linear

gradient from 97% nobi |l e phase A (0. 1% trifluoroacetic acid)/3%nobile
-phase B (90% 5 acetonitrile in O. 1@6trﬁf|uoroacet|c acid) to 30% nobile
phase A/ 70% nobi |l e phase Bin 70 mn follomed by i socratic elution for

another 10 min galﬁ?oﬁg?/éage,pf 191§5¢ @g gﬂrzghns Aher subsgaction of a

buf fer bl ank na 08 parent as a single 10
symetrical peakemplateedéniieontaifing th?(??ﬁﬁ%ﬁ &dtes LQiokhe F49 gure

10. No mmjor copiagkpali NBrobetet® 2 wadoride A¥ing tsaudqtaectr@idﬂlt&}r these

condi ti ons. B. Sequencin of El e tro oreti [J
Prot ei n Bands condxtxogs except that t Jlmers %%d.% %n%ferred 15

5 changed. Probe PCR 2 was made using 0.5 uM 222-11,
0.05 uM 219-21 and 1 ul of a template derived from
PCR 96.2.
Approximately 106 bacteriophage were plated as
described in Maniatis et al. [supra (1982)]. The
10 plagues were transferred to GeneScreen Plus™ filters
(22cm x 22cm; NEN/DuPont) which were denatured,
neutralized and dried as described in a protocol from
the manufacturer. Two filter transfers were performed
for each plate.
15 The filters were prehybridized in 1M NacCl,
1% SDS, 0.1% bovine serum albumin, 0.1% ficoll, 0.1%
polyvinylpyrrolidone (hybridization solution) for
approximately 16 h at 65°C and stored at -20°C. The
filters were transfered to fresh hybridization solution
20 containing 32p_jabeled PCR 1 probe at 1.2 x 105 cpm/ml
and hybridized for 14 h at 65°C. The filters were
washed in 0.9 M NaCl, 0.09 M sodium citrate, 0.1% SDS,
pE 7.2 (wash solution) for 2 h at room temperature
followed by a second wash in fresh wash solution for
‘25 30 min at 65°C. Bacteriophage clones from the areas of
the plates corresponding to radioactive spots on
autoradiograms were removed from the plates and
rescreened with probes PCR1 and PCR2.
DNA from positive clones was digested with
30 restriction endonucleases BamHI, SphI or SstI, and the
resulting fragments were subcloned into pUC11l9 and
subsequently sequenced. The strategy for sequencing the
rat genomic SCF DNA is shown schematically in
Figure 14A. 1In this figure, the line drawing at the top
35 represents the region of rat genomic DNA encoding SCF.
The gaps in the line indicate regions that have not been



SCF purified as in Exanple 1 (0.5-1.0 nnol) was treated as follows with
N- gl ycanase, an enzyne which specifically cleaves the Asn-Ilinked
carbohydrate 20 noieties covalently attached to proteins (see Exanpl e
1D). Six m of the pooled material from fractions 4-6 of the C4 colum
of Figure 5 was dried under vacuum. gZhen 150 [err]| of 14.25 nM CHAPS,
100 mM 2- mer capt oet hanol, 335 mM sodi um phosphate, pH 8.6 was 25 added
and incubation carried out for 95 min at 37[err]C Next 300 [err]l of
74 mM sodi um pheeghaheedl5 Thet sarge boxébk gt ypresset @xbls 6fonscaediiag and

SDS- pol yacr y1 ant B8 PRPEnEREaPC 99 Rrd £ 1Y cEnb et DERBHdH S fydoddy o

bands in the gekmispeaclidst ioghoatedcabove eachrbow! erfhel antows

pol yvi nyl dif| “%Eg?egg}@':thw ihawieual r?fe{)&n; eﬁéggwég r@%g? RcB4f 185

(p[err] 10. 5) current sudaita; J.
Biol. Chem, usgéltom@ssmmgsshe1%rr§$n5%e5@q%%¢%rf@a thotedt S8@Ads 35

were visuali Zed QYxeCOQﬁBS%b uBhte séal i‘éé‘gscﬁa@é'ﬁe“@é eshown P{@£sent at
Merr] -29, 000- 33 000 and err] -26,000, i.e.
- 43 -

de5F986§yﬂé?ron was only parti al (refer to Exanpl e 1D,
Using PCR 1 probe to screen the rat genomic

library, clones corresponding to exons encoding amino
10 acids 19 to 176 of SCF were isolated. To obtain clones
for exons upstream of the coding region for amino acid
19, the library was screened using oligonucleotide probe
228-30. The same set.of filters used previously with
probe PCR 1 were prehybridized as before and hybridized
15 in hybridization solution containing 32p.)abeled
oligonucleotide 228-30 (0.03 picomole/ml) at S50°C for
16 h. The filters were washed in wash solution at room.
temperature for 30 min followed by a second wash in
fresh wash solution at 45°C for 15 min. Bacteriophage
20 clones from the areas of the plates corresponding-to
radioactive spots on autoradiograms were removed from
the plates and rescreened with probe 228-30. DNA from
positive clones was digested with restriction
‘endonucleases and subcloned as before. Using probe
25 228-30, clones corresponding to the exon encoding amino
acids -20 to 18 were obtained.

Several attempts were made to isolate clones
corresponding to the exon(s) containing the
S'~untranslated region and the coding region for amino

30 acids =25 to =-21. No clones for this region of the rat
SCF gene have been isolated.

C. Cloning Rat cDNA for Expression in Mammalian Cells

35 Mammalian cell expression systems were devised
to ascertain whether an active polypeptide product of



Figure 9); the fornmer band represents undi gested material and the

| atter represents material from which N-1i nked carbohydrate is renoved.
The bands were cut 5 out and directly | oaded (40% for Merr] 29, 000-33, 000
protein and 80% for M 26,000 protein) onto a protein sequencer
(Applied Biosystens Inc., nodel 477).- §gotein sequence anal ysis was
performed using prograns supplied by the manufacturer [Hew ck et al.,

J. Biol. Chem, 256 10 7990-7997 (1981)] and the rel eased
phenyl t hi ohydamtasi r8§AF couldmbeo eaprdsseér in aad ywerk ered | e msinmg ldiacy obor e

qerr] rev%reqel-so.ha%?lgglsgioﬁo%pgpgﬁgswgpé( Qe S é:?% ess 20-28
sequenci ng cycl€s, suggésting thaf?both were msgquencea ig Eﬁ
met hodol ogy UsitTRIAtEd Measionsyof 15aTheChat QR bUNY |avd| SGR-calR )

sequenci ng run Mps DeIRYIn (scHTIPADI o b Coe s SE A thed OMEARE1RERLRI N
anount present n the bands. These data suggested that protein in the

bands was N5 edf fd19 Paneosegdencerpn Fign-%4¢yu CNBr O eavage of
El ectrophoretically- Theakxbtessiolr véct or agbSerlafitddw studies

T fi that th t ei in f . . Dbl t nb
Fommved Trom { S d R & §eSrBa FoBaLaind PGP o WA s BRENE " Cner)
cl eavage of sdduerided.t eTheardstoaswasrdéesigred YONEr1¢w % unbrnpmbls70%
forme actd Tor by e st I bkn' 81 QUBE Dia A ce112°0HENES

gnal's were— e I'At er na

anal ysis. Strong-sequence Ssi tected, representin
pepti des oBtlai rexpressmizseartesi expuepeps i RRA Hinde k|t grn pro . :
Both bands yielydghi dai isedfuefick8d SeRUENEEctor, A rfatddtery bgl ow for
the first fl\ﬂaﬁgggé¥%d in E. coli DH5, is deposited with the American
Type Culture Collectign, 12301 Parklawn Drive,
Rockville, Md. (ATCC# 68124). This vector is a
15 derivative of pSVDM19 described in Souza U.S. Patent
4,810,643 hereby incorporated by reference.
' The cDNA for rat SCF1~162 yas inserted into
plasmid vector V19.8. The cDNA sequence is shown in
Figure 14C. The cDNA that was used in this construction
20 was synthesized in PCR reactions 630.1 and 630.2, as
shown in Figure 13A. These PCRs represent independent
amplifications and utilized synthetic oligonucleotide
primers 227-29 and 227-30. The sequence for these
primers was obtained from PCR generated cDNA as
25 described in section A of this Example. The reactions,
S0 wl in volume, consisted of lx reaction buffer (from a
Perkin Elmer Cetus kit), 250 yM 4ATP, 250 uM d4CTP,
250 uM dGTP, and 250 uM 4dTTP, 200 ng oligo(dT)-primed
cDNA, 1 picomole of 227-29, 1 picomole of ‘227-30, and
30 2.5 units of Tag polymerase (Perkin Elmer Cetus). The
'cDNA was amplified for 10 cycles using a denaturation
temperature of 94°C for 1 min, an annealing temperature
of 37°C for 2 min, and an elongation temperature of 72°C
for 1 min. After these initial rounds of PCR
35 amplification, 10 picomoles of 227-29 and 10 picomoles
of 227-30 were added to each reaction. Amplifications



35 - 44 - Am no Aci ds
| dentified Cycle 1: Asp; Qu; Vval; Ile; Leu Cycle 2: Asp; Thr; Qu;
Ala; Pro; Val 5 Cycle 3: Asn; Ser; H's; Pro; Leu Cycle 4: Asp; Asn;

Al a; Pro; Leu Cycle 5: Ser; Tyr; Pro 10 Bot h bands al so yi el ded

simlar signals up to 20 cycles. Thesidni~ti.al yields were 40-115 pnol
for the M 26, 000 ‘band and 40- 150 pnol for the Merr] 29, 000-33, 000
band. These val ues are conparable to the original nolar anount s of
protein | oaded ovene tdan Eigpeghdeor. 3Pheyes escsndes Cbaf'smedc@m:';tmmsei n
bands correspondjig, Ithe excipe icANkAaRCYng BhAckednll LERBLALELr ETREEIUN es
used to obt ai n user ul uence i nformation bl ocked

protei ns i ncl udehyngedin osc,smcng The Rre8ugtsuef the PCR were é/lgl"-‘sated
with restriction endonucleases HindIII and SstII. vV19.8

wn

was similarly digested with HindIII and SstII, and in
one instance, the digested plasmid vector was treated
with calf intestinal alkaline phosphatase; in other
instances, the large fragment from the digestion was
isolated from an agarose gel. The cDNA was ligated to
10 V19.8 using T4 polynucleotide ligase. The ligation
products were transformed into competent E. coli strain
DHS as described [Okayama, et. al., supra (1987)]. DNA
'prepared from individual bacterial clones was sequenced
by the Sanger dideoxy method. Figure 17 shows a
15 construct of V19.8 SCF. These plasmids were used to
transfect mammalian cells as described in Example 4 and
Example 5.
The expression vector for rat scrl~164 yas
constructed using a strategy similar to that used for
20 scrl~162 ij which cDNA was synthesized using PCR
amplification and subsequently inserted into V19.8. The
CDNA used in the constructions was synthesized in PCR
amplifications with V19.8 containing Scrl~162 pna
(V19.8:SCF1“162) as template, 227-29 as the primer for
25 the S5'-end of the gene and 237-19 as the primer for the
3'-end of the gene. Duplicate reactions (S0 ul)
contained lx reaction buffer, 250 uM each of dATP, 4CTP,
dGTP and 4dTTP, 2.5 units of Taq polymerase, 20 ng of
v19.8:sCF17162, and 20 picomoles of each primer. The
30 cDNA was amplified for 35 cycles using a denaturation
temperature of 94°C for 1 min, an annealing temperature
of 55°C for 2 min and an elongation temperature of 72°C
for 2 min. The products of the amplifications were
digested with restriction endonucleases HindIII and
35 SstII and inserted into V19.8. The resulting vector
contains the coding region for amino acids ~25 to 164 of
SCF followed by a termination codon.



(see section D); and (b) generating peptides by internal 20 cl eavages by
CNBr (see Section E), by trypsin (see Section F), and by Staphyl ococcus
aureus (strain V-8) protease (A u-C) (see Section G. Sequence analysis
can proceed after the blocked N-termnal amno acid'is renoved or
the peptide fragments are isolated. Exagples .25 are described in detail

bel ow. D. Sequence Analysis of BRL Stem Cell Factor Treated W th
Pyrogl utam c Aci d Am nopepti dase 30 - The chem cal nature of the
bl ockage noi ety pr eseimhealepiiiae fapi an019:eram1rrms acﬁidSGbMSoﬂi fatcsCr,to

predi ct. Bl ockage 4$14@y%t .transl.atjo Y Vol n. Rev.
Bi ochem , 50, 7g§a%1% 981) ] 15 9&591 cte 512%0 t:ﬂne \C/{-' anﬂ(ﬁﬁﬁ%’b gf me
purification. T\D(NPp(Eq-uﬁﬁ:et rlansE‘Ilgnrenh{CNUdasf |l gmsertedrostteomonl y

b d. I f
? Zgrye Acety s?ﬂ&o ve %rtra'VQSNBt ﬁ&ﬂ% catﬁICI dl]bar '\T:o that acet yl

transf er ase. 5Th|u§e(§3arf<'-tfe té@nfrlartnﬁ&f'%yfggol é’f‘ﬁ)rf-’DNA that was used in
this construction was synthesized in PCR reactions 84.1

and 84.2 (Figure 13A) utilizing oligonucleotides 227—29
and 230~-25. The two reactions represent independent
amplifications starting from different RNA

10 preparatibns. The sequence for 227-29 was obtained via
PCR reactions as described in section A of this Example
and the sequence for primer 230-25 was obtained from rat
genomic DNA (Figure 14B). The reactions, 50 ul in
volume, consisted of 1x reaction buffer (from a Perkin

15 Elmer Cetus kit), 250 yM dATP, 250 wM dCTP, 250 uM 4&GTP,

.and 250 yM dTTP, 200 ng oligo(dT)-primed cDNA,

10 picomoles of 227-29, 10 picomoles of 230-25, and 2.5
units of Taqg polymerase (Perkin Elmer Cetus). The cDNA
was amplified for 5 cycles using a denaturation

20 temperature of 94°C for 1 1/2 minutes, an annealing
temperature of 50°C for 2 min, and an elongation
temperature of 72°C for 2 min. After these initial
rounds, the amplifications were continued for 35 cycles
under the same conditions with the exception that the

25 annealing temperature was changed to 60°C. The products
of the PCR amplification were digested with restriction
endonucleases EindIiI and SstII. V19.8 DNA was digested
with HindIII and Sstll and the large fragment from the
digestion was isolated from an agarose gel The cDNA

30 was ligated to V19.8 using T4 polynucleotide ligase.
The ligation products were transformed into competent
E. coli strain DHS and DNA prepared from individual
bacterial clones was sequenced. These plasmids were
used to transfect mammalian cells in Example 4.

35 '



and mass spectronetric analysis of an N-termnally bl ocked peptide. If
the amno termnus of a proteinis 5 glutamne, deam dation of its
gama- anm de can occur. Cyclization invol ving the gama-carboxyl ate and
the free N-term nus can then occur to yield pyroglutamate. To

detect pyroglutamate, the enzyne pyroglutggete ~ am nopeptidase can be
used. This enzyne renoves the 10 pyroglutamte residue, |eaving a free
am no term nus starting at the second am no.acid. Edman chem stry can
t hen be used forDseghmptifijcation and Seque®tind paf iHimeth agCF newanpl e 1

400 pnol) in 50 Lum phosphate buffer (pH 7.6 contalning 15

di thi othreitol a%%EE QQLH I ncubated with 1.5 units of calf liver

pyrogl utam c acid am nopepti dase (pE-AP) "for 16 h at 37C. After

reaction the mxture was dgrgChhian sckORSA MY LUOA MP!Ed, Spauencer. A
rou

0
maj or seqguence .could be_identified t qg?h 46 %yc es. The initial 20
yi el d was abo¥t ReDeEABArEpdtiiine §eRfd (RECOABBU65phasing NCRr ni nal

squEnCF of SCF 5ﬂ§lggi89tibﬁ Asteaflpaed in EE@4X31£3§ﬁ(3T§ﬁ;¥A§%c
: +
by OG- G U 11 o E5E2 RRGY AKRS pF S WAPLIEY DA SPNR oY FISRusp-0h @mienss.
pyroGu-Gu-lle _ Ys
20 whose sequence was 36btainddUEném -tNea-rAIN-SCF cDNA.
20 A Gy Nbt - psp- Ve heta b Be EBERY 45 esckibed by rmnagpis
xxx, not asst@neeitaglpobsepova ¢8982)]. PolyA+ RNA was prepared using
. oligo 4T cellulose following manufacturers directions.

(Collaborative Research Inc.).

First stranq cDNA was prepared as described

above for BRL c¢cDNA, except that synthesis was primed

15 with 2 uM oligonucleotide 228-28, shown in Figure 12C,
which contains a short random sequence at the 3' end
attached to'a longer unique sequence. The unique-
sequence portion of 228-28 provides a target site for
amplification by PCR with primer 228-29 as non-specific

20 primer. Human cDNA sequences related to at least part
of the rat SCF sequence were amplified from the HepG2
CDNA by PCR using primers 227-29 and 228-29 (PCR 22.7,
see Figure 13B; 15 cycles annealing at 60°C followed by
15 cycles annealing at 55°C). Agarose gel

25 electrophoresis revealed no distinct bands, only a smear
of apparently heterogeneously sized DNA. Further
preferential amplification of sequences closely related
to rat SCF cDNA was attempted by carrying out PCR with
1 uyl of the PCR 22.7 product using internally nested rat

30 SCF primer 222-11 and primér 228-29 (PCR 24.3; 20 cycles
annealing at 55°C). Again only a heterogeneous smear of
DNA product was observed on agarose gels. Double-sided
specific amplification of the PCR 24.3 products with
primers 222-11 and 227-30 (PCR 25.10; 20 cycles) gave

35 rise to a single major product band of the same size .as
the corresponding rat SCF cDNA PCR product. Sequencing



35 These results indicated that SCF contains pyroglutamc acid as its

N-term nus. 46 - - E. Isolation
and Sequence Analysis of CNBr Peptides SCF purified as in
Exanple 1 (20-28 [err]g; 1.0-1.5 nnol) was treated with N-glycanase as

described 5 in Exanple 1. Conversion to_the Merr] 26,000 material was
conplete in this case. The sanple was ar®ed and digested with CNBr in
70% formc acid (5% for 18 h at roomtenperature. The di gest was

diluted with water, “dried,.an edi ety A 194 t ki £ | celikcoaci d.
10 CNBr peptidef mépeaégﬂﬂfgfég g§ﬁr§$§§§%¥pﬂ§§£ 1%?Lé$%gHgiR§ gih 24
narrowbor e col uas sedquehgingnpréndrt ybetdedeatowtal70 bageshefechydaar FEEJ in

Section A of thi e. Several major peptide.fractions were isolated
ezt

and sequence € results are summarized in_the 15 _fol | owi ng:
Similarly, amplification of 1 ul of the PCR

§ 22.7 product, first with primers 224-25 and 228-29

" (PCR 24.7, 20 cycles), then with primers 224-25 and
227-30 (PCR 41.11) generated one major band of the same
size as the corresponding rat SCF product, and after
asymmetric amplification (PCR 42.3) yielded a sequence

10 which was highly homologous to the rat SCF sequence when
224-24 was used as sequencing primer. Unique seqﬁence
oligodeoxynucleotides targeted at the human SCF cDNA
were synthesized and their sequences are given in
Figure 12B.

15 " To obtain the human counterpart of the rat SCF
PCR-generated coding sequehce which was used in
expression and activity studies, a PCR with primers
227-29 and 227-30 was performed on 1 ul of PCR 22.7
product in a reaction volume of 50 ul (PCR 39.1).

20 Amplification was performed in a Coy Tempcycler.

Because the degree of mismatching between the human SCF
cDNA and the rat SCF unique primer 227-30 was unknown, a
low stringency of annealing (37°C) was used for the

first three cycles; afterward annealing was at 55°C. A

25 prominent band of the same size {about 530 bp) as the

| rat homologue appeared, and was further amplified by
dilution of a small portion of PCR 39.1 product and PCR
with the same primers (PCR 4l1.1). Because more than one
band was observed in the products of PCR 41.1, further

30 PCR with nested internal primers was performed in order
to determine at least a portion of its sequence before
cloning. After 23 cycles of PCR with primers 231-27 and
227-29 (PCR 51.2), a single, intense band was
apparent. Asymmetric PCRs with primers 227-29 and

35 231-27 and sequencing confirmed the presence of the
human SCF cDNA sequences. Cloning of the PCR 41.1 SCF
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DNA into the expression vector V19.8 was performed as
already described for the rat SCF 1-162 PCR fragments in
Section C above. DNA from individual bacterial clones
was sequenced by the Sanger dideoxy method.

E. Cloning of the Human Stem Cell Factor Genomic DNA

A PCR7 probe made from PCR amplification of
cDNA, see Figure 13B, was used to screen a library
containing human genomic sequences. A riboprobe
complementary to a portion of human SCF cDNA, see below,
was used to re-screen positive pléqués. PCR 7 probe was
prepared starting with the product of PCR 41.1 (see
Figure 13B). The product of PCR 4l1l.1 was further
amplified with primers 227-29 and 227-30. The resulting
590 bp fragment was eluted from an agarose gel and
reamplified with the same primers (PCR 58.1). The
product of PCR 58.1 was diluted 1000-fold in a S0 ul
reaction containing 10 pmoles 233~-13 and amplified for
10 cycles. After the addition of 10 pmoles of 227-30 to
the reaction, the PCR was continued for 20 cycles. Aan
additional 80 pmoles of 233-13 was added and the
reaction volume increased to 90 ul and the PCR was
continued for 15 cycles. The reaction products were
diluted 200-fold in a S0 yl reaction, 20 pmoles of
231-27 and 20 pmoles of 233-13 were added, and PCR was
performed for 35 cycles using an annealing temperature.
of 48° in reaction 96.1. To produce 32p_jabeled PCR7,
reaction conditions similar to those used to make PCR1
were used with the following exceptions: in a reaction
volume of 50 ul, PCR 96.1 was diluted 100-fold; 5 pmoles
of 231-27 was used as the sole primer; and 45 cycles of
PCR were performed with denaturation at 94° for
1 minute, annealing at 48° for 2 minutes and elongation
at 72° for 2 minutes. '



- 47 - Retenti on Pept i de Time (mn)

Sequence4 5 CB-4 15.5 L-P-P--- CB- 61

22.1 a. |-T-L-N-Y-V-A-G (M b.
V-A-S--D-T-S-DCGV-L-S - -L-GP-E-K-D

SRV-SV-(_)-K---- 10 CB-8 - g9 -28.0

DV-L-P-SHCWL-RD (M ' CB- 10 . 30.1 (cont ai ni ng
sequence of C8-8) CB- 152 43.0 .

E- E- N A- P- K- N- V- K- E- S- L- Ko R-iboprie,Fribbprobe 1, was a 32p-
T-P-E-E-F-F-S I~ E-0l.ery] - 37.3 and
CB- 16 labé&lé& szné%e §Qf%ndéd R £§°88ﬁ¥§&§“Féeﬁtlca| sequence

to C8-15 20 nuclebtides o488 @F W@leehﬁé:tf' J¥AcsLaYeACepSIOWNOAS 12, 13

and 25. Peptigg S gt W%@ '} tt'?x% 9Betor forlthel 5 was
not detected; it %&5 |€?grre 5 N based on ore Sgtenflg%oaucgﬁféd

glycosylalic§1 of this pgqhe, 'ﬂ?? ﬂépﬂ1d@1ﬁ§§en&§B§e&68ﬂ8€G YA Hasend.
3. Designates siigedVial & iAS) HIHATTIV@nde®toRI and cloned into the

polylinker of the plasmid vector pGEM3 (Promega,
Madison, Wisconsin). The recombinant pGEM3:hSCF plasmid
DNA was then linearized by digestion with HindIII. '

10 32p-labeled riboprobe 1 was prepared from the linearized
plasmid DNA by runoff transcription with T7 RNA
polymerase according to the instructions provided by
Promega. The reaction (3 ul) contained-250 ng of
linearized plasmid DNA and 20 uM 32P-ICTP (catalog

15 #NEG-008H, New England Nuclear (NEN) with no additional
unlabeled CTP. '

"~ The human genomic library was obtained from
Stratagene (La Jolla, CA; catalog #:946203). The
library was constructed in the bacteriophage Lambda

20 Fix II vector using DNA prepared from a Caucasian male
placenta. The library, as characterized by the
supplier, contained 2x108 primary plagues with an
average insert size greater than 15 kb. Approximately
108 bacteriophage were plated as described in Maniatis,

25 et al. {supra (1982)]. The plaques were transferred to
Gene Screen Plus™ filters (22 cm?; NEN/DuPont) according
to the protocol from the manufacturer. Two filter
transfers were performed for each plate.

The filters were prehybridized in 6XSSC

30 (0.9 M NaCl, 0.09 M sodium citrate pH 7.5), 1% SDS at
60°C. The filters were hybridized in fresh 6XSSC,

1% SDS solution containing 32p_1abeled PCR 7 probe at -
2x10°3 cpm/ml -and hybridized for 20 h at 62°C. The
filters were washed in 6XSSC, 1% SDS for 16 h at 62°C.

35 A bacteriophage plug was removed from an area of a plate
which corresponded to radioactive spots on



converted into Asp upon N-glycanase renoval of N-Iinked sugar. 30
4. Single letter code was used: A Ala; C Cys; O0,Asp; E, 4 u;
F,Phe;, GQAy, HHs; I,lle; KLys; L,Leu; M Met; N, Asn; P, Pro;
Qdn; RArg; S, Ser; T,Thr; V,Val; WTrp; and Y, Tyr. 35

- 48 - F. Isolation and Sequenci ng7@f -BRL Stem Cel | Fact or

Tryptic Fragnents SCF purified as in Exanple 1 (20 [err]g in
150 [err]l 0.1 M amoni um bi carbonate) was digested with 5 1 [err]g of
trypsin at 37[erajtofadidgams addheaeicyeshedawith probedPare?yandn on

hose descri bed 1HECPRORE T ort e dreasA e et D BN AT TBEPRE B Beprt | de poaks.

had retentlcpetfmmmeﬁlﬁSEﬂgNnOﬁdHNHdmhaSLmil&ndtgethedeSKFEQOin(EhetiOn

A). The sequencg, A0l ySE&Sr &fn ! herHeSqJe%E?gen wiPRPEIEES: € BNgyg bel ow.

S performed as follows: the filters were prehybridized in
6XSSC, 1% SDS and hybridized at 62°C for 18 h in 0.25 M
NaPO,, (pH 7.5), 0.25 M NaCl, 0.001 M EDTA, 15%
formamide , 7% SDS and riboprobe at 1x106 cpm/ml. The
filters were washed in 6XSSC, 1% SDS for 30 min at 62°C

10 followed by 1XSSC, 1% SDS for 30 min at 62°C. DNA from
positive clones was digested with restriction
endonucleases Bam HI, Sphl or SstI and the resulting
fragments were subcloned into pUC119 and subsequently
sequenced. '

15 Using probe PCR 7, a clone was obtained that
included exons encoding amino acids 40 to 176 and this
clone is deposited at the ATCC (deposit #40681). To
obtain clones for additional SCF exons, the human
genomic library was screened with'riboprobe 2 and

20- oligonucleotide probe 235-29. The library was screened
in a manner similar to that done previously with the
Eollowing exceptions: the hybridization with probe
235-29 was done at 37°C and the washes for this
hybridization were for 1 h at 37°C and 1 h at 44°C.

25 Positive clones were rescreened with riboprobe 2,
riboprobe 3 and oligonucleotide probes 235-29 and
236-31. Riboprobes 2 and 3 were made using a protocol
similar to that used to produce riboprobe 1, with the
following exceptions: (a) the recombinant pGEM3:hSCF

30 plasmid DNA was linearized with restriction endonuclease
Pvull (riboprobe 2) or Pstl (riboprobe 3) and (b) the
SP6 RNA polymerase (Promega) was used to synthesize
riboprobe 3.

Figure 15A shows the strategy used to sequence

35 human genomic DNA. 1In this figure, the line drawing -at
the top represents the region of human genomic DNA



Ret enti on Peptide Tine Sequence 15 (mn) T-1

7.1 E-S-L-K-K-P-E-T-R T-21  28.1 V-S-V-(_)-K T-3  32.4
|-V-D-D-L-V-A-A-ME-E-NAP-K 20 T-42  40.0 N-F-T-P-E-E-F-F- S| - F-(
)-R T-5[err] 46.4 a. L-V-ANL-P-NDY-MI-T-L-NY-V-A G

M D V-L-P-S H C WL-R by -
SI-DAF-KDFMV-ASDT-SDCV-

L-S-()-()-L-G--- 25 T-74 72.8 E-S-L-K-K-P-E-T-R- (N)

EFSTLPkEkEbFEEFWSﬂgjgg ﬁgF The gapS inFthe) 1Bne indiBate ?3g60ns

Amino acid at fo@% |h€d'e4 '\ﬁgs%r?cﬁn §§§|u§H§8d'30Th§ laﬁﬁhen8°§8| ‘SP‘SSSF% on
12 was not assieygwmrs for' chdingriregianisdsfathpoSCEi gese2@ishdtBe in 6 of
pepti de |5 t . i

assigned as O- ﬁqage‘ﬁﬁﬁ;ﬁygn%é§§§$gnfﬁ9n° 48t aeel ngE%EQE XSE¥8 Fc
10 was not det deixed; The geguwnce of ﬁhﬁehﬂ@éna§cﬂs§ebasé§ S§ROWReipot enti al
N-1'i nked mgqlryecq% at gy Ydrenhd BE AGhdnabcPOSbNAOBL2AiNEE PCR

not detected. ) . . )
techniques is shown in Figure 15C.

F. Seguence Qf the Human SCF cDNA S5' Region
10 , '

Sequencing of'products from PCRs primed by two
gene-specific primers reveals the sequence of the region
bounded by the 3' ends of the two primers. One-sided
PCRs, as indicated in Example 3A, can yield the sequence

15 of flanking regions. One-sided PCR was used to extend -
the sequence of the 5'-untranslated region of human SCF -
cDNA.

First strand cDNA was prepared from poly A+
RNA from the human bladder carcinoma cell line 5637

20 (ATCC HTB 9) using oligonucleotide 228-28 (Figure 12C)
as primer, as described in Example 3D. Tailing of this
CcDNA with dG residues, followed by one-sided PCR
amplification using primers containing (dC) sequences'
in combination with SCP-specific primers, failed to

25 yield cDNA fragments extending upstream (5') of the
known sequence. . .

A small amount of sequence information was
obtained from PCR amplification of products of second
strand synthesis primed by oligonucleotide 228-28. The

30 untailed 5637 first strand cDNA described above (about
50 ng) and 2 pmol of 228-28 were incubated with Klenow
polymerase and 0.5 mM each of dATP, dCTP, dGTP and dTTP
at 10-12°C for 30 minutes in 10 ulL of 1lxNick-translation
buffer [Maniatis et al., Molecular Cloning, a Laboratory

35 Manual, Cold Spring Harbor Laboratory (1982)}].
Amplification of the resulting cDNA by sequential one-

posi tion



- 49 - G Isolation and' Sequencing of BRL Stem Cell Factor
Peptides after S. aureus d u-C Protease O eavage SCF
purified as in Exanple 1 (20 [err]Jg in 5 150 [err]1 0.1 M amoni um

bi carbonate) was subjected to G u-C protease cl eavage at a '
prot ease-to-substrate ratio of 1:205,2The digestion was acconplished at
37C for 18 h. The digest was i medi ately separated by reverse-

phase narrowbore Cerr] HPLC. Five major pepti.-de fractions 10 were

col |l ected and seidedcBIR:widgs priilmed RRBe®9 in combination wiEbkt eatked

CepLi e T () SRR heger Bilumes, Jidrtg BB

sequence detectaud £fDP0ally 5I3H+29) yiplded complex product mixtures

KT TS MGy Sheasop aparose ggls, sisnitican

S- L- K- K- P- E-5- ey fchmente-¢f [SGE-gelated cDNA fragments was indicated

(N-R S 1-D A R thé- Mbdasidy Tin®ellsity of the specific product band
observed when comparable volumes of the successive one-
sided PCR products were amplified with two SCF pfimers
(227-29 and 235-29, for example, yielding a product of

10 about 150 bp). Attempts to select for a particular size
range of products by punching out portions of the
agarose gel smears and reamplifying by PCR in most cases
failed to yield a well-defined band which- contained SCF-
related sequences.

15 One reaction, PCR 16.17, which contained only
the 235-29 primer, gave rise to a band which apparently
arose from priming by 235-29 at an unknown site 5' of
the coding region in addition to the expected site, as .
shown by mapping with the restriction enzymes Pvull and

'20 PstIl and PCR analysis with nested primers. This product
was gel-purified and reamplified with primer 235-29, and
sequencing was attempted by the Sanger dideoxy method '
using 32p_1abelled primer 228-30. The resulting
sequence'was the basis for the design of oligonucleotide

25 254-9 (Figure 12B). When this 3' directed primer was

"used in subsequent PCRs in combination with 5' directed
SCF primers, bands of the expected size were obtained.
Direct Sanger sequencing of such PCR products yielded
nucleotides 180 through 204 of a human SCF cDNA

30 sequence, Figure 15C.

In order to obtain more sequence at the 5' end
of the hSCF cDNA, first strand cDNA was prepared from
5637 poly At rNA (about 300 ng) using an SCF-specific
primer (2 pmol of 233-14) in a 16 uL reaction containing

35 0.2 U MMLV reverse transcriptase (purchased from BRL)-
and 500 uM each dNTP. After standard phenol-chloroform



25 1. Amno acid at position 6 of S-2 peptide was not

assigned; this could be an O |inked sugar attachnent site. The Al a
at position; 16 of S-2 30 pepti de was detected in | ow yield. 2.
Peptide S-3 could be the N-terminally blocked : pepti de derived from
the N-term nus of SCF. 3. N in parentheses was a55|gned as a potenti al
N-1i nked sugar attachnent site. 35 =73 - - -
50 - H. Sequence Analysis of BRL Stem Cell Factor after

BNPS- skat ol e Clea i n anmoni um
bi car bonat e was?® % gﬂ‘é’c’i"f%“&oﬁ’b‘”é?%ﬁ’e%‘és lﬂf% E[cﬁlﬁd‘ggerﬁzﬁof t™and t hen
redi ssol ved in {fPoml 1 oM gmmonhhmaxeetthM|stepS¥Jihénhucleﬁaﬂatndﬂ ar
excess of BNPS-skato 0. t:he & Jnas
I ncubat ed at 56T%F?]E$?§$seggggolﬁ 26hﬁ%e reéﬂélon m X ure%aa{sT1 n i ed
by vacuum water bath for 5 minutes, then cooled and tailed wlth
S terminal transferase in the presence of 8 uM dATP in a
CoCl,—-containing buffer [Deng and Wu, Methods in
Enzymologqy, 100, pp. 96-103]. The product, (dA),~tailed
first-strand cDNA was purified by phenol-chloroform

extraction and ethanol precipitation and resuspended in
10 20 ulL of 10mM tris, pH 8.0, and lmM EDTA.
| Enrichment and amplification of human SCF-
related cDNA S' end fragments from about 20 ng of the
(dA)n-tailed 5637 cDNA was performed as follows: an
initial 26 cycles of one-sided PCR were performed in the
15 presence of SCF-specific primer 236-31 and a primer or
primer mixture containing (dT), sequences at or near the
'3' end, for instance primer 221-12 or a mixture of
primers 220-3, 220-7, and 220-11 (Figure 12C). The
products (1 ul) of these PCRs were then amplified in a
20 second set of PCRs containing primers 221-12 and
235-29. A major product band of approximately 370 bp
was observed in each case upon agarose gel analysis. A
gel plug containing part of this band was punched out of
the gel with the tip of a Pasteur pipette and
25 transferred to a small microfuge tube. 10 ul of water
was added and the plug was melted in an 84°C heating
block. A PCR containing primers 221-12 and 235-29
(8 pmol each) in 40 ul. was inoculated witp 2 ulL of the
. melted, diluted gel plug. After 15 cycles, a slightly
30 diffuse band of approxxmately 370 bp was visible upon
agarose gel analysis. Asymmetric PCRs were performed to
generate top and bottom strand sequencing templates:
for each reaction, 4 ul. of PCR reaction product and
40 pmol of either primer 221-12 or primer 235-29 in a
35 total reaction volume of 100 ul. were subjected to
25 cycles of PCR (1 minute, 95°C: 30 seconds, 55°C;



10 centrifugation. The dried residue was extracted with 100 [err]l of

wat er and again with 50 [err]l of water. The conbi ned extracts were
t hen subjected to sequence anal ysis as descri bed above. The foll ow ng
sequence was detected: 15 1 10
Leu-Arg-Asp-th-VaI-Thr-His-Leu-Ser-VaL-§§r;Leu-Thr-Thr-Leu-Leu-

20 30 )

Asp- Lys- Phe-Ser-Asn-1le-Ser-3 u-3y-Leu-Ser-(Asn)-Tyr-Ser-1le-11le-

40 20 Asp-Lys-L I al - on, 28 ,was ,not
positively assi gﬁdédg ?HV\%.S 7|a2§§|\5 @i?ect Seggengggédtbf ¢ %e Zggt é‘%t I al
N-1inked gl ycosypmimed PCR ;gqq@ctzguxturps Cafsen the atandasdi d

Det er m nat i on Ofe£¥¥aé¥fﬁﬂé}33d ethaﬁ%@tBQeCLpltatzon) wi tAN 33pLeUels 19fe $SCF
protein (500 pnol)_ was er - excha I nto 10 mMM_sodi um acetate, pH

4.0 30 (final vEﬁ{WﬁFcﬁs%ﬂi%eﬁﬁﬂ99feaﬁaa rV}gégeﬂa§h§déedSFSUG"GS%ﬁrom
(Wv). A5 [egr]ducleéstide inxd aken (Fagugeanschati on of protein. Forty
[err]] of the sanple was diluted to 100 [err]]| with the buffer

descri bed above. Carboxypepti dase P (fromPenicilliumjanthinellun was
added at an enzyGe- Bfplifizdisicratandr Segoeotifg266. HihandGeasmien Dpnoaeded

at 25[err] C gid 2D d &8¢ ldnIFiget Eo)ﬁ‘%s h%ﬁ”o%t the SPen’Be1§l aNd

Factor

10

Screening of a human genomic library with SCF

- oligonucleotide probes failed to reveal any clones
containing the.known portion of the first coding exon.
An attempt was-then initiated to use a one-sided PCR

15 technique to amplify and clone genomic sequences
surrounding this exon. '

Primer extension of heat-denatured human
placental DNA (purchased from Sigma) was performed with
DNA polymerase I (Klenow enzyme..l;rge fragment;

20 Boehringer-Mannheim) using a non-SCF primer such as
228-28 or 221-11 under non-stringent (low temperature)
conditions, such as 12°C, to favor priming at a very
large number of different sites. Each reaction was then
diluted five-fold into Taql DNA polymerase buffer

25 containing Tagl polymerase and 100 uM of each dNTP, and
elongation of DNA strands was allowed to proceed at 72°C
for 10 minutes. The product was then enriched for stem
cell factor first exon sequences by PCR in the presence
of an SCF first exon oligonucleotide (sucﬁ as 254-9) and

30 the appropriate non-SCF primer (228-29 or 221-11).
Agarose gel electrophoresis revealed that most of the
products were short (less than 300 bp). To enrich for
longer species, the portion of each agarose gel lane
corresponding to length greater than 300 bp was cut out

35 and electrophoretically eluted. After ethanol
precipitation and resuspension in water, the gel



- 51 - 120 m n. The digestion was term nated at each tine poi nt
by adding trifluoroacetic acid to a final concentration of 5% The
sanpl es were dried and the rel eased am no acids were derivatized by
reaction with 5 Dabsyl chloride (di nethyl am noazobenzenesul f onyl

chloride) in 0.2 MNaHCG3 (pH 9.0) at 4O0jsr+¥]C for 12 mn [ Chang et
al ., Methods Enzynol., 90, 41-48 (1983)]. The derivatized am no acids
(one-si xth of each sanple) were anal yzed by narrowbore reverse-phase
HPLC with a 10 puwdiffiedaPCBnpobdubes pweredtkenad i@tang derdlvative of

[ Techniques in P | Yan T, r NY (1989),
pp. 305-311]. (ﬁégﬁﬁt gtog\ggr{hihg %xr‘rp%gwg%}h efgassuldﬁgﬁg‘tdIeIaIcﬁot%%%‘Ipm nt were
obt ai ned by fcegpenitson to derivatized amno acid standards (1 15
pmol). At 0 time, cont a”bB%h@Qs%é’Pé”?cé’@énéE‘?t«.ﬁctthe% 32P-—fl%|b%'1£.'é?"§3c_spthe
only amno acid _that increased wt I ncubation tine

i ncubati on, 2 afh&§tdexest ealgonua%e%tmﬁ al /HARRL Fositiyepicoleqiiesal ent

to 0.66 nole of were AH&nkQEQéaedn&eEhéﬁgé?dgndgéﬁdf &héTﬁhge&Q%Ub%f@nd'Cated
ains Al.a.as its

20 that the nat raI CF_nol ec
car boxyl ternin88% 8n?ng§eﬁge ERIEhS ncetDe TegNlitiags sgaugnce,
. C-term nal peptheh 8x2endki dbwnshteamsfrom &hd(ﬁnnsmabxéhatthh@h a

conel ust on 1 2E8RsRABRETLSEh-Yht Doy bol B K MGRSY ReLbESpg
exanpl e, l°cleava9@:cé§s§§0Wﬂ #heFB@%RﬁﬁkiﬁF%o Val |s encount er ed.
Peptide S-2 has the sequence S-R-V-S- V- (TM-K-P-F-ML-P-P-V-A- (A and

was deduced to be the .. ) )
BH. Amplification and Sequencing of SCF cDNA

Coding Regions from Mouse, Monkey and Dog

15 First strand cDNA was prepared from total RNA
or poly AT RNA from monkey liver (purchased from
Clontech) and from the cell lines NIH-3T3 (mouse, ATCC
CRL 1658), and D17 (dog, ATCC CCL 183). The primer used
in first strand cDNA synthesis was either the

20 nonspecific primer 228-28 or an SCF primer (227-30,
237-19, 237-20, 230-25 or 241-6). PCR amplification
with primer 227-29 and one of the primers 227-30, 237-19
or 237-20 yielded a fragment of the expected size which
was sequenced either directly or after cloning into

25 V19.8 or a pGEM vector. '

Additional sequences near the S' end of the
SCF cDNAs were obtained from PCR amplifications
utilizing an SCF-specific primer in combination with
either 254-9 or 228-29. Additional sequeﬁces at the 3

30 end of the SCF coding regions were obtained after PCR
amplification of 230-25 primed cDNA (in the case of
mouse) or 241-6 primed cDNA (in the case of monkey) with
either 230-25 or 241-6, as appropriate, and a 3'
directed SCF primer. No SCF PCR product bands were

35 obtained in similar attempts to amplify D17 cDNA. The
nonspecific primer 228-28 was used to prime first strand



C-term nal peptide of SCF (see Section J in this 30 Exanple). The
C-term nal sequence of ---P-V-A-(A) restricts the protease. cleavage to
al anine only. The am no acid conposition of peptide S-2 indicates the
presence of 1 Thr, 2 Ser, 3 Pro, 2 Ala, 3 Val, 1 Mt, 1 Leu, 1 Phe, 1
Lys, and 1Arg, totalllng 16 residues. 35 The detection of 2 Al a residues
I ndi cates that there may be two Al #estdues at the Cterminus of this
pepti de (see table |n Section G. Thus the BRL SCF

term nat es at Ala 164_o J uence of SCF 5
By combi ni ng théYFEEGFf§ Sb?ﬁphgﬁ ot RNASéﬁﬁgﬁgﬁ’émﬁ NGHePLent act
stem cel | factopre8uet mlxtueewmgenﬁiscﬁ\éd effod rEdF-merlqﬁel& e?;gjég (2)

bopt i dase fragnph SehantEh, A T EFORLd BP9 S Ul a[ste@?a n;# Suence
wer e deduced (Fi’-gﬁrélliy ccrmbmatldmnertm r’d8skquehe grardwsctamixture

gi/r ggl ;ﬁnarTOCsa%QsaEQteWEh sfiflad®lcthed NS taerdgﬂzyat%%u%}c%&gm ai ns
(Promega, Madison, Wisconsin) containing an SfiI site as
an Sfil to blunt end fragment. The resultiﬁg
heterogeneous library was screened with radiolabelled
237-20, and several positive clones were sequenced,

10 yielding dog SCF 3' end sequences. The aligned amino
acid sequences of human (Figure 42), monkey, dog, mouse
-and rat SCF mature proteins are shown in Figure 16.

The known SCF amino acid sequences are highly
homologous throughout much of their length. Identical

15 consensus signal peptide sequences are present in the
coding regions of all five species. The amino acid
expected to be at the amino terminus of the mature
protein by analogy with the rat SCF is designated by the
numeral 1 in this figure. The dog cDNA sequence

20 contains an ambiguity which results in a valine/leucine
ambiguity in the amino acid sequence at codon 129. The
human, monkey, rat and mouse amino acid sequences co-'
align without any insertions or deletions. The dog
sequenée has a single extra residue at position 130 as.

25 compared to the other species. Human and monkey differ
at only one position, a conservative replacement of
valine (human) by alanine (monkey) at position 130. The
predicted SCF sequence immediately before and after the
putative processing site near residue 164 is highly

30 conserved between species.

EXAMPLE 4
Expression of Recombinant Rat SCF in COS-1 Cells

35 : For transient expression in COS-1 cells {ATCC
CRL 1650), vector V19.8 (Example 3C) containing the rat



acids (position 82 to 164/165). The sequence from 15 position 49 to 81 was

not detected in any of the pepti des isol ated. However, a sequence was
detected for a large peptide after BNPS-skatol e cl eavage of BRL SCF

as described in Section H of this Exanple. Fromthese addi ti onal data,
as well as DNA sequence obtained from20 rat SCF (Exanple 3) the N . and
C-term nal sequences can be aligned afid-t he overal |l sequence delineated
as shown in Figure 11. The N-termnus of the nolecule is

pyroglutam c acid and the C-terninus is alanine as - confirmed by

pyrogl ut amat e aSoRIpetd dase SAFGELPPogenas @25s Eﬁd@@&yﬂﬂﬂihﬂﬁﬁﬁ P

di gestion, resp h dat
- concl uded t hat %%E%g?é*;z mmlgéggef Egngé gidgﬂ ﬁgb"i%ép?%Bably
gl ycosyl at ed |n(d@ﬂ@)dole&@he@lbamldonsnBOSﬁérss showﬂkmn(ﬂigun&cube
detected d I I tiall
etecte uri ngAgegu%q‘Qr@ﬂa 3@@51%5@0% ﬁﬁg& %]rr@x?%n éié%e partially

gl ycosyl ated, if at . Ser - predi cted from
DNA sequéncéra@é@@&tﬁ& bé’léétléc%%lt%la?lﬁgp%ﬁﬁ#ﬁifmﬁ F¥ere hemuestoad

anal ysis and th@rtequrrqo@x@ultdmtéepauheg 9ést tr&hd £ AL AR U A
attachnent . The%eﬂ%tentlal te attachnent sites areflndf cat ed

in Figure 11 Coticad @5 58ﬁ§§raté e fi T HIRaRE 38R She &P

- b3 - biocassay results and Table S summarizes the MC/9
3H-thymidine uptake data from'typical transfection
10 experiments. Bioassay results of supernatants from
COS-1 cells transfected with the following plasmids are
shown in Tables 4 and 5: a C-terminally-truncated form
of rat SCF with the C-terminus at amino acid position
162 (V19.8 rat SCFl—lsz) scpl-162 containing a glutamic
15 acid at position 81 (V19.8 rat scFl™162 (g1us1)], and
scrl—162 containing an alanine at position 19 [V19.8 rat
scF1~162 (a1a19)). The amino acid substitutions were
the product of PCR reactions performed in the
amplification of rat SCFl‘lsz as indicated in ,

20 Example 3. Individual clones of V19.8 rat SCF1~162 yare
sequenced and two clones were found to have amino aéid
substitutions. As can be seen in Tables 4 and 5, the
recombinant rat SCF is active in the biocassays used to
purify natural mammalian SCF in Example 1.

25
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bold lettering; O-linked carbohydrate is indicated by
| ettering. K. Am no Acid Conpositiona

open bol d

Anal ysis of BRL Stem 5 Cel

Fact or Material fromthe C4 colum of Figure 7 was
prepared for am no acid conposition anal ysis by

- buffer exchange into 50 nM ammoni um 10 bi car bonat e.
[err]| sanples were separately hydrolyzed8 = in 6 N HCL containing 0.1%

concentration and

Two 70

phenol and 0. 05% 2-mer capt oet hanol at 110[err]C in vacuo for 24 h. The
hydrol ysates were dried, reconstituted into qi§g115 citrate buffer, and
anal yzed usi ng i on. exchange chr omat ogr ap E kman Model 6300 am no
acid anal yzer). The results B8 & iyg i&}'E l.e 3'rm%§. 164 am no
acids (fromthe protein sequeng Re—EREaI—cs e Taia e s aci d
conposition gives a better matcflr AQQEﬁqEE¥$Q¥%% v;} catt 0 Ring 193
am no acids (as deduced from PCR-derived DNA sequenci ng. data, Figure
140). 23 | Volume of Colony
Sample CM Assayed (ul) #/200,000 celis
v19.8 (no insert) 100 0
50 0
25 0
10 | 12 0
V19.8 rat SCFi-162 . 100 >50
50 >50
25 >50
12 >50
6 30
3 8
15 '
v19.8 rat scFl-162 100 26
(G1u8l) 50 10
25 - 2
12 0
v19.8 rat scrl-162 100 41
20 (A1al9) 50 18
25 5
12 0
6 0
3 v
25
30

35



30

Tabl e 3
SCF

Mol es per
Run #1
25 28
14. 52

10 10

35 - 54 -
Quantitative Am no Acid Conposition of Mamralian Cerived
Ami no Acid Conposition Predi cted
nmol e of protein[err]  Residues per nolecule2 5 Am no Acid
Run #2 (A (8) Asx 24. 46 24. 26
Thr 10.37 -~ 18.23 - 11 12 Ser
14. 30 16 24 d x ] 11. 44 11. 37
3 Table 5
MC/9-H-Thymidine Uptake Assay of COS-1
Supernatants from Cells Transfected with Rat SCF ONA
. Sample Volume of CM Assayed (ul) cpm
5 v19.8(no insert) 25 1,936
12 2,252
6 _ 2,182
3 g 1,682
v19.8 scrl-162 25 | 11,648
12 ' : 11,322
10 6 - 11,482
3 9,638
v19.8 scFrl-162(giug1) 25 6,220
12 5,384
6. . 3,692
3 1,980
15 v19.8 scFl-162(a1a19) 25 | 8,396
12 - 6,646
6 4,566
3 ' _ 3,182
Recombinant rat SCF, and other factors, were
20 tested individually in a human CFU-GM [Broxmeyer et al.,
supra (1977)] assay which measures the proliferation of
normal bone marrow cells and the data are shown in
Table 6. Results for COS-1 supernatants from cultures 4
days after transfection with v19.8 scrl=162 j,
25 combination with other factors are also shown in
Table 6. Colony numbers are the average of triplicate
cultures. /
The recombinant rat SCF has primarily a
synergistic activity on normal human bone marrow in the
0 CFU-GM assay. In the experiment in Table 6, SCF
synergized with human GM-CSF, human IL-3, and human
CSF-1. 1In other assays, synergy was observed with G-CSF
also. There was some proliferation of human bone marrow
3 after 14 days with rat SCF; however, the clusters were
5

composed of <40 cells. Similar results were obtained

with natural mammalian-derived SCF.



Pro 10. 90 10. 85 9 10 10 Gy
5.81 6. 20 4 5 ‘Al a - 8.62 8.35
7/ 8 8 Cys nd nd 4 5
Val 14. 03 13. 96 15 15 Met
4. 05 3.99 6 7 R 8.31 8. 33
9 10 Leu 17. 02 16. 89 - . 16 19 15 Tyr
2. 86 2. 84 3 7 Phe ) . 7.96 7.92
8 8 Hi s 2.11 2T1 6 2 3 Lys
10.35  11.28 12 14 # nd nd
1 1 Arg Huma#d. FB-GM Asdaypdf C0S-1 Supernatants 6 20
Tot al 158 : 3 Cal cul at ed
nol ecul ar wei ght f éﬁce] 1Tr 95,/ With fat > F O ased on 158
resi dues from protein sequence 25 anal ysis (excluding Cys and Trp).
2. Theoretical gygbyes cal cul ated from proteincoiony #/100,986USNGS efy (A
or from DNA sequenice data (B)- 3T = ;
I nclusi on of a KA3¥PE anount of an internal standard®% n the anino acid
conposi tion analgusesf al so all owed quantitation of prgteip in the
sanpl e; a val ue of 0.117 ng/mM was obtained for the sarrp{e anal yzed.

G-CSF 247x

IL-3 51

10 CSF-1 0

scrl-162 0

GM-CSF + SCFL-162 29 £ 6

G-CSF + scrl-162 20 * 1

15 IL-3 + sCFl-162 111
csF-1 + scrl-162 4%0

20
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35 - 55 -

EXAMPLE 3 Cl oning of the Genes for Rat and Human SCF A
Amplification and Sequencing of Rat SCF cDNA 5 Fragnents

Determ nation of the am no acid sequence of fragnents of the rat SCF
protein made it possible to desi gn m xed sequence ol igonucl eoti des
specific for rat 10 SCF. The olrgonucl%brides were used as hybridi zation
probes to screen rat cDNA and genom c |ibraries and as prinmers in

attenpts to anplify portions of the c ing pol ymerase chain reaction
(PCR) strategies ([Mullis et al., Bgéwsﬁg%?énEnzynnl. 155, 335-350 15

(1987)]. The ol igodeoxynucl gD s ey e fs Redeadiinech thySCF - t he
1855, 1862 (1981) ¢ Mopri o, LRocnifks® Hamster BLARYACERIs il s us
(1983)]; their
5 This example relates to a stable mammalian
expression system for secretion of SCF from CHO cells
(ATCC CCL 61 selected for DHFR-).

A. Recombinant Rat SCF

10

The expression vector used for SCF production
was V15.8 (Figure 17). The selectable marker used to
establish stable transformants was the gene for
dihydrofolate reductase in the plasmid pDSVE.l. Plasmid

15 pDSVE.l (Figure 18) is a derivative of pDSVE constructed
by digestion of pDSVE by the restriction enzyme SalIl and
ligation to an oligonucleotide fragment consisting of
the two oligonucleotides

5'TCGAC CCGGA TCCCC 3!

20 3' G GGCCT AGGGG AGCT 5'.

Vector pDSVE is described in commonly owned -
U.S. Ser. Nos. 025,344 and 152,045 hereby incorporated
by reference. The vector portion of V19.8 and pPDSVE. 1
contain long stretches of homology including a bacterial

25 ColEl origin of replication and ampicillin resistance
gene and the SV40 origin of replication. This overlap
may contributeé to homologous recombination during the
transformation process, thereby facilitating
co-transformation. :

30 Calcium phosphate co-precipitateé of V19.8 SCF
constructs and pDSVE.1l were made in the presence or
absence of 10 ug of carrier mouse DNA using 1.0 or 0.1
ug of pDSVE.l which had been linearized with the
restriction endonuclease Pvul and 10 ug of V19.8 SCF as

35 described [Wigler et al., supra (1978)). Colonies were
selected based upon expression of the DHFR gene from



sequences are depicted in Figure 12A. The letters 20 represent A, adenine;

T, thymne, C, cytosine; G guanine; |, inosine. The * in Figure 12A
. represents ol i gonucl eoti des which contain restriction endonucl ease
recognition sequences. The sequences are witten 5 .3". A rat
genomic library, a rat liver cDNA 25 Iibgary, and two BRL cDNA libraries
were screened using 32P-1 abel | ed m xed ol i gonucl eoti de probes, 219-21
and 219-22 (Figure 12A), whose sequences were based on am no acid

sequence obtai npds¥e.1n Egaliphtesd. chbaSF 64 yremth inkime ifaicsd 6 these

experinments using.standard_ 30, oethods of c cloning.Mwnjatis, et al.,

Mol ecul ar Cﬁgﬂfgﬁg?‘y%f‘angmpﬁgaﬂgrBym%eszer(elg’éﬁx]%d usidg An
al ternate approatbnihigckhydiddeesubndi axpareded as soidepemdenft SEL hucl ei c
aci d sequences kLnvyal_ved s 1 | L thiss; '

met hodol ogy, t h'ét:.\rﬁggsi.onC%?%%ﬁ%ngﬁ%étf%%mﬁ%@?zm é;;erlllrrelflsn?ss
amplified 5 seleget testedi Anvianr YCHY thymid inge [ues alfe ragfaat i on

- 96 - cakalsyied RYom aliklakbel DMV peRindY 35 Credsedanl DNA
pol ynmerase) in the _presence of deoxynucl'eoside triphosphates in a

therno cycler. F@®l§pdcificity of . PCR anplification is based on two
ol i gonucl eoti de :

Table 7
10 MC/9 3H—Thymidine Uptake Assay of Stable CHO Cell
Supernatants From Cells Transfected With Rat SCF DNA
Volume of Conditioned

Transfected DNA . Medium Assayed cpm

v1ig.8 scrl=162 25 33,926

15 12 34,973
6 30,657

3 14,714

1.5 ' 7,160

20 None 25 - 694
' 12 1,082
880

672

1 1,354

25

B. Recombinant Human SCF

Expression of SCF in CHO cells was also achieved using
the expression vector pDSVRa2 which is described in

30 commonly owned Ser. No. 501,904 filed March 29, 1990,
hereby incorporated by reference. This vector includes
a gene for the selection and amplification of clones
based on expression of the DHFR gene. The clone pDSRa2
SCF was generated by a two step process. The V19.8 SCF

35 was digested with the restriction enzyme BamHI and the
SCF insert was ligated into the BamHI site of pGEM3.



5 primers which flank the DNA segnent to be anplified and hybri di ze to

opposite strands. PCR with doubl e-si ded specificity for a particular
DNA region in a conpl ex m xture i s acconplished by use of two prinmers
W th sequences sufficiently specific to that region. PCR 10 with

singl e-sided specificity utilizes one_rggion- specific primer and a
second priner which can prine at target sites present on many or all of
t he DNA nol ecul es in a particul ar nixture [ Loh et al., Science, 243,
217-220 (1989)pka &Bom pGEM3 SCF Thigs ©sich sefaseressigd SR

lif t f f t
(G 1 ensten.  EFBRCLRRFEERSLD 8“é§€iuf88dxges=?e%8 S5 BT Be%used o make
| abel ed hybri déaationThe spmebpsocpe)sses& neegretddrfdenginamngbddgher
e uned i Crehfan Ayl 8088okeRLALRL RSN ETRMOUA S LA AGR S

designed, with f ences
vectors whi h &ﬁ%wlﬁﬁeaéﬁp éés‘Pﬁ)nthe suuerm-ae esfm}ded-rpaﬁguie frsal unid

The basic strabggytfigﬁ gbgabfn Elge gﬁ dAt SCF cDNA is
outlined in ure arrovvs |n|cate

13A.
anplificati onsgéﬁﬁgﬂ'héh'?% ﬁlér}b%s i YRR ¢ A2 Dhgnged widduarrtihes: rescadte ons.

PCRs 90.6 and 9§h2mken in MEONOASCLh CEnFYidL AV mem;mlfm (Vﬁé%;)uﬁe&to
obtain 30 part%a HHU IeL |d sequence,
t

e for the]e% &‘F
primers used i es \/\%?3 REREF DY G Lot ldde DH%%’%@% no
aci d sequeh@e tibepi adedcent F6QErgedd, Expiéssipn heewslpieot e ddtnly it on

obt ai ned from pCRs, 9962 wereaQng egdbﬁse nﬁﬁg'g? S(HEJ e[$ (£24-27 and

224-28, 35 Figure 12A) were nade” an subsequen arrpllflcatlons
and sequenci ngEX8BBLRoAs. aRRACE ohRERGE FRN of colony “ormation in vitro

using human peripheral blood leucocytes. This assay is
performed as described in Example 9 (Table 12) except
15 that peripheral blood is used instead of bone marrow and
the incubation is performed at 20% 05, 5% CO,, and
75% N, in the presence of human EPO (10 U/ml). Results
from typical experiments are shown in Table 8. The CHO
clone expressing human scFl=164 hag been deposited on
20 September 25, 1990 with ATCC (CRL 10557) and designated
Hul64SCFl17.

25
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- 57 - the 5 end of the cDNA was obtained in PCRs 90.3, 96.6,

and 625.1 using single-sided specificity PCR Addi ti onal DNA sequence
near the C-term nus of SCF protein was obtained in PCR 90.4. DNA
sequence for the 5 remainder of the coding region of rat SCF cDNA was
obt ai ned from PCR products 630.1, 630.2, gg4-1 and 84.2 as descri bed
below in section C of this Exanple. The t echni ques used i n obtaining
the rat SCF cDNA are descri bed below. 10 - RNA was prepared
fromBRL cells as described by Ckayamabdte & . (Met hods Enzynol., 154,
3-28 (1987)]. Pol yA+ RNA was isol ated using an oligo(dT) cel l ul ose
colum as descri bed by Jacobson in [ Methods in Enzynol ogy, volune 152,
254-261 (1987)]. 15 EEEsﬁOé@nznﬂssgmwoﬁacosdhtheséded using 1

[err]g of BRL pol yA+ RNA aﬁeh?ﬂpbﬁgﬁ ﬁngiQT&ﬁéréilﬁsg ﬁgger

according to the protocol supp reverse
transcriptase (Bet hesda Resear chransfegted Hith HYmam\GCRDNMd degr adat i on
was performed 20 wusing 0.14 M NaCOH at 84[err]C for 10 min or incubation in

a boiling water bath for 5 mn. Excess gggggiunlacetate was added
to neutralize the solution, and the cDNA wa first extrYepBgrwedh
phenol / chl or of or irddsefechad HNAed assayed(ul) Colonies/10°
10 pDSRa2 hscrl=164 50 53
25 45
12.5 : 27
6.25 13
15 pDSRa2 hscrl=162 10 43
5 44
2.5 31
1.25 17
0.625 21
20 None (CHO control) 50 . 4
EXAMPLE 6

Expression of Recombinant SCF in E. coli

25 A. Recombinant Rat SCF

This example relates to expression in E coli
of SCF polypeptides by means of a DNA sequence encoding
(Met™1] rat scpl=193 (Figure 14C). Although any '

30 suitable vector may be employed for protein expression
using this DNA, the plasmid chosen was pCFM1156
(Figure 19). This plasmid can be readily constructed
from pCFM 836 (see U.S. Patent No. 4,710,473 hereby
-incorporated by reference) by destroying the two
35 endogenous Ndel restriction sites by end-filling with T4
polymerase enzyme followed by blunt end ligation and



wi th chloroformiso-anyl alcohol, and precipitated with 25 ethanol. To
make possi ble the use of oligo(dC)-related primers in PCRs with

singl e-sided specificity, a poly(dG tail was added to the 3' term nus
of an aliquot of the first-strand cDNA with term nal transferase from
cal f thynus (Boeringer Mannhein) as prevgously described 30 [Deng et al.,
Met hods Enzynol ., 100, 96-103 (1983)]. Unl ess ot herw se noted
in the descriptions which follow, the denaturation step in each PCR

ZyC! e Thwats Sersu%:st%:@tlhgmtfme amdwl oNgadé rvwas b%tt??ge?e[reraﬂecbufrm PCR
nmn. The tenperatur uration of annea was riable from
to PCR often r&éds &?ﬂa%@ﬁ re“ébﬁf}f‘%‘?ﬂ%’e‘:% rbﬁ:htené“@gtll nat ed

requi rements of oligonucleotide shown below. -58 - sever al
different PCRs being carried out si mul t aneousl y. Wen pri ner
concentrations were reduced to | essen the accumul ati on of priner

artifacts [Witséh, CGATTIGATTCTAGAAGGAGRAMATALCATATEATTAMISLETTRGAATIGEIAN Al i ng
times 5 were indi catiACTAAGATCTFR T PAYFATATREARTTICREARRE TR CNI 0N g1

shorter annealing tinmes and higher priner concentrations were used to
i ncrease yield. A mgjor factor in determ ning the anneal i ng tenperature

was -t he estimat edntrolllcF Hrotieid eRPEesSi@eti MIMRC iptFMIN SleSEAGSEld &g, N
by means of a synthetic lambda P; promoter which is

10 1itself under the control of a temperature sensitive
lambda CI857 repressor gene [such as is provided in E.
coli strains FM5 (ATCC deposit #53911) or K1l2aHtrp].

- . The.pCFM1156 vector is constructed so as to have a DNA
sequence containing an optimized ribosome binding site

15 and initiation codon immediately 3' of the synthetic PL
promoter. A unique Ndel restriction site, which
contains the ATG initiation codon, precedes a multi-
restriction site cloning cluster followed by a lambda
t-oop transcription stop sequence.

20 Plasmid v19.8 scri~193 containing the rat
scrpl—193 gene cloned from PCR amplified cDNA
(Figure 14C) as described in Example 3 was digested with
BglIXI and SstII and a'603 bp DNA fragment isolated. 1In
order to provide a Met initiation codon and restore the

25 codons for the first three amino acid residues (Gln,
Glu, and. Ile) of the rat SCF polypeptlde, a synthetic
oligonucleotide linker

- TATGCAGGA 3
3! ACGTCCTCTAG 5'

30 with NdeI and BgllI sticky ends was made. The small
oligonucleotide and rat scpl-193 gene fragment were
inserted by ligation into pCFM1156 at the unique NdelI
and SstII sites in the plasmid shown in Figufe 19. The
product of this reaction is an expression plasmid,

35 pCFM1156 rat scrl=193,



10 Devel opnental Biology Using Purified Genes eds. Brown, D.D. and Fox,

C.F. (Academ c, New York) pp. 683-693 (1981)]. The enzynes used in the
anplifications were obtained fromeither of three manuf act urers:
Stratagene, Pronmega, or Perkin-El mer 15 Cetus. The reaction conpounds were
used as suggested by t he nanufactgr% . _The anplifications were
performed in either a Coy Tenpcycle gr a Perkin-El ner Cetus DNA

t her nocycl er. Amplification of SCF cDNA fragnents was 20
usual Iy assayed by agaro éygcpﬂlqggrgng?gguslsﬁ %ﬁgsmﬁdBN§§ence of
0

et hi di um brom de and vi suali Zati on [ 'uor esce
stimul ated by igansfernad 1“99%9%mpﬁﬁﬁﬁﬁ FMPnEqpgeldabestweedd ssnal |

fragnents were seleédtdici Fﬁiﬁ@la@ﬁd@b@ﬁ%ﬁ&%fﬁ%f %e@.'l%' %&8dohY tBe basis
polyacrylanlde<g§ elgﬁg&%P re3|%la Confi rmation he observed
bands represent %ﬁjhé gafysing rSEﬂéFﬁ@&ebﬁaé &&r @&N€on of
appropri at e ODNAcdmniosd wrorthe pCﬂmmasqueabtawpl|Pueahuannwm1baene or nore
internal l'y- | Ter.S, I firnmgti by di deoxy _30
sequenci ng [Saﬁﬁ%?ﬁ%f .*ﬁgf%% %% C%XQSda cfggugﬁi s%quya;e5§§3;§@67
(1977)] of trme$¥nt¢ﬁtxnunligqﬁun&qg&nﬂsoand itef junetpoaditot etet ransl ati on

products with %&Héd&f | In the
initial PCR experi t &%;g 35%§nﬁﬁkn§%§ggﬁﬁégg ‘based on SCF p oa%ég
sequence were used [ GulGPnstryet khel Plasmdd BEFMlLSA ras, sCe3ziPdis -

10 encoding the [Met™1] rat scpi~162 polypeptide, an EcoRI
to SstII restriction fragment was isolated from V19.8
rat SCFL"162 apd inserted by ligation into the plasmid
pCFM rat scr1193 at the unique EcoRI and SstII
restriction sites thereby replacing the coding region

15 for the carboxyl terminus of the rat SCF gene.

To construct the plasmids pCFM1156 rat SCFl'
164 ang pCFM1156 rat Scrl—165 encoding the [Met™!] rat
scrl™164 ang [Met™l)] rat scrl~165 poiypetides,
respectively, EcoRI to SstII restriction fragments were

20 isoclated from PCR amplified DNA encoding the 3*' end of
the SCF gene and designed to introduce site directed
changes in the DNA in the region encoding the carboxyl
terminus of the SCF gene. The DNA amplifications were
performed using the oligonucleotide primers 227-29 and

25 237-19 in the construction of pCFM1156 rat SCF1~164 ap4

227-29 and 237-20 in the construction of pCFM1156 rat
SCF1-165 R

B. Recombinant Human SCF

30
This example relates to the expression in
E. coli of human SCF polypeptide by means of a DNA
sequence encoding (Met™l] human scrl=164 ang (Met™1)
human SCFl=183 (Figure 15C). Plasmid V19.8 human
.35 Scrl- 162 containing the human SCFJ"'162 gene was used as
template for PCR amplification of the human SCF gene.



- 59 - (1989)]. Bel ow are descriptions of the PCR anplifications
that were used to obtain DNA sequence I nformation for the rat cDNA
encodi ng am no acids -25 to 162. 5 In PCR 90.6, BRL cDNA was
anplified with 4 pnol each of 222-11 and 223-6 in a reaction vol une of
20 [err]l. An aliquot of the product 9f8PCR 90.6 was el ectrophor esed
on an agarose gel and a band of about t he expected Ssi ze was observed.

One | of tRhe.PCR 9 1 th th.20 I
cach of | pri GE18o5usTe8e s BEEREET FBE-FETA ' FE 1 s doda 2P
anneal i ng at 459ener€£e AhpoPCRoDN&fwhtmE wn@dunenvﬁmge$h§ﬂ W1tEUB$EDted to
oo 565 O ARl S6RORebRrt 810 CERAGR 1 fls B PG FE2 ] AN 21925

(PCR 96.2), yie maj or product band upon agarose gel
eIectrophore3|spfﬂsyﬁﬁeﬁrMétaHBFF+§EH@¢0mPQ9nt4Eﬂ restiRivdie (FodWRs 96. 2

with the sang terEh@Etsratodueeda@mo ad BT @4 BAWdY cleMBs Guecessd ul |y
sequenced. Further Eleﬁtlve gnp | fjcation, of SCF se&;ences in the
product 20 of 96Y8)wRS GBEr BrRaR B} FQ?J¥P&??¥¢%61?(§YQﬁ product in

the presence of o22gohlicaedtidet 2dnpet ner 219-21. The product of this
PCR was used as a tenplate for asymmetric anplification and
radi ol abel | ed probe production (PCR2). 25 To isolate the 5

end of the rat SCF cDNA 5' PATGEARGRDATCTGCAg (IO n sequences,

conplinentajy to the 3poly(dgic§@¢$ (5% the cONA, were utilized as non-
specifiC-pr?ners. PCR 90. 3 cont al ned %F err] (10 pnol) and 223-6 (4

pnol) as prinmers and BRL cDNA as
~with NdeI and PstI sticky ends was made. The small

oligo linker and the PCR derived human SCF gene fragment
were inserted by ligation into the expression plasmid

15 pCFM1156 (as described previously) at the unigue Ndel
and SstII sites in the plasmid shown in Figure 19.

The pCFM1156 human scpl-164 plasmid was
transformed into competent FM5 E. coli host cells.
Selection for plasmid containing cells was on the basis

20 of the antibiotic (kanamycin) resistance marker gene
carried on the pCFM1156 vector. Plasmid DNA was
isolated from cultured cells and the DNA sequence of the
human SCF gene confirmed by DNA sequencing. '

To construct the plasmid pCFM1156 human

25 scrl~183 encoding the (Met™1] human scrl~—183
(Figure 15C) polypeptide, a EcoRI to HindIII restriction
fragment encoding the carboxyl terminus of the human SCF
gene was isolated from pGEM human scpll4-183 {described
below), a SstI to EcoRI restriction fragment encoding

30 the amino terminus of the human SCF gene was isolated
from pCFM1156 human SCF17164, and the larger HindIII to
SstI restriction fragment from pCFM1156 was isolated.
The three DNA fragments were ligated together to form
the pCFM1156 human scpl-183 plasmid which was then

35 tranformed into FM5 E. coli host cells. After colony
selection using kanamycin drug resistance, the plasmid



30 tenplate. The reaction product acted like a very high nmol ecul ar

wei ght aggregate, -remaining close to the | oading well in agarose gel

el ectrophoresis. One [err]l| of t he product solution was further
anplified in the presence of 25 pnol of (dC)12 and 10 pnol 223-6 in a
35 volume of 25 ul for 15 cycles, annealigng_at. 45[err]C. One- hal f
[err]] of this product was then anpllfleg for 25 cycles

- 60 - with internally nested priner 219-25 and 201 7 (PCR 96. 6).
The sequence of pihl-wad Sisd1gWed And thE QB":?eé@CDNNO c@’eESn 9%3’( \éted by
agar ose gel el ect rophoresis. Anot her ycl es o 18§nn

40[err] C, were p(off qUENCINGnh; gﬁeoRQEﬁrBHWﬁBnﬁcﬁan 135@@ Awsed.

Sout hern bl ottirg dmswaemweecbfotﬁcmnd tAdt cofitBghs aﬁOﬁhBﬁmtstﬁb“ di zi ng

band was obser addi.t 20 ¢ of anneal i ng at
45[err]?:, > \\//\gi‘ea‘-ﬁ‘é"r”f‘o I Icﬁa%félnﬁciﬁagiééﬁeggg ﬂe?zé)ﬂfz €=10I ’
Sequenci ng wds ﬂmuianrmf‘an‘!:tm sesuemeer shoanphinf Ftgqurenlsc. b‘thCR

yi el di ng sequemﬁiqu tﬁ%%ﬁ@@ﬁ@ qgsghgge lasm?&tﬁééstggéggd r m nus of

t he presuned signal pe g se uence o fem sBquence
was used to %u%blq%l@wne epmd@rpzmezs 235t3lnang 242-8' 15

end of the codi nEifen ) WHa peR Seh7CPigure 138) as template. The
sequence of primer 241-6 was based on the human genomic
10 sequence to the 3' side of the exon containing the codon
for amino acid 176.

C. Fermentation of E. coli producing Human scpl—164

15 Fermentations for the production of SCF 1-164
were carried out in 16 liter fermentors using an FMS
E. coli K12 host containing the plasmid pCFM 1156 human
scF1-164, geed stocks of the producing culture were
maintained at -80° C in 17% glycerol in Luria broth.

‘20 For inoculum production, 100 uyl of the thawed seed stock
was transferred to 500 ml of Luria broth ina 2 L
erlenmeyer flask and grown overnight at 30°C on a rotary
shaker (250 RPM).

For the production of E. coli cell paste used

25 as starting material for the purification of human SCFi~
164 5ytlined in this example, the following fermentation
conditions were used.

The inoculum culture was aseptically
transferred to a 16 L fermeﬂtor contéinin§ 8 L of batch

30 medium (see Table 9). The culture was grown in batch
mode until the OD-600 of the culture was approximately
3.5. At this time, a sterile feed (Feed 1, Table 10)
was introduced into the fermentor using a peristaltic
pump to control the feed rate. The feed rate was

35 increased exponentially with time to give a growth rate
of 0.15 hrl. The temperature was controlled at 30°C



Simlarly, the 3' DNA sequence ending at am no acid 162 was obt ai ned by
sequenci ng PCR 90.4 (see Figure 13.A). B. Coning of the Rat Stem
Cell Factor Genom c DNA 20 Probes made from PCR anplification
of CDNA encodi ng rat SCF as described in section A above were used
to screen a library cOntaining rat gemor8% - - sequences (obtained from
CLONTECH Laboratories, Inc. catalog nunmber RL1022 j). The library was
constructed in the bacterloph [err vector EMBL- 3 SP6/ T7 usi ng DNA
obt ai ned from aRu&adnBt thel 8repkl TEWM g f4issplyed ox¥9fMry, as

characterized bh&ohb@n@'ﬂﬁﬁibﬂrJ.nC@lli\éaté\ﬁné’nt%r wa@(ﬂiiternra]tﬂdxia@endent cl ones
Wi th an average inser re used to

generate 3[err]cPQBéPéégbfgﬁeé°§ sa%%%ﬁfﬁ??sﬂﬁ%ﬂﬁnﬁﬁftﬁﬁ? ¢ library.
Pr obe PCR1 gEigutéon3Anteasves ephrmatk rpresssae iaovwd \maytgemont ai ned

10,7 Lt L et GBS ARL OATE, caDO-L et iR 4004 id Wl 200
pol yner ase (Per ks Eunemacmcgé}Yagouttniled at 7.0 using phosphoric
- 61 - acid and ammonium hydroxide. At an OD-600 of
approximately 30, the production phase of the
fermentation was induced by increasing the fermentor

10 temperature to 42°C. At the same time the addition of
Feed 1 was stopped and the addition of Feed 2 (Table 11)
was started at a rate of 200 ml/hr. Approximately six

" hours after the temperature of the fermentor was
increased, the fermentor contents were chilled to

15 15°C. The yield of scrl-164 yas approximately
30 mg/OD-L. The cell pellet was then harvested by
centrifugation in a Beckman J6-B rotor at 3000 x g for
one hour. The harvested cell paste was stored frozen at
-70°cC. -

20 A preferred method for production of scpl-164
is similar to the method described above except for the
following modifications.

1) The addition of Feed 1 is not initiated
until the OD-600 of the culture reaches 5-6.

25 2) The rate of addition of Feed 1 is
increased more slowly, resulting in a slower growth rate
(approximately 0.08).

3) The culture is induced at OD-600 of 20.
4) Feed 2 is introduced into the fermentor at

30 a rate of 300'mL/hr.

All other operations are similar to the method
described above, including the media.

Using this process, yields of scrl-164
approximately 35-40 mg/OD-L at OD=25 have been obtained.

35



units/m, 0.5 [err]M 219-26, 0.05 [err]M 223-6 and 1 [err]| of tenpl ate
90.1 containing the target sites for the two primers. Probe PCR 2 was
made using simlar reaction conditions except that the priners and
tenpl ate were 5 changed. Probe PCR 2 was nmade using 0.5 [err]M 222-11,
0.05 [err]M219-21 and 1 [err]l of a terf¥ ate -derived from PCR 96. 2.
Approxi mately 10[err] bacteri ophage were pl ated as described in

Mani atis et al. [supra (1982)]. The 10 | aques were transferred to
GeneScreen Plus[err] filters (22cm x 9 NEN DuPont) which were

denat ur ed, -neutralized and dried as described in a protocol from

the manufacturer. Two filter téansfers,mere perforned. for each plate.
15 The filters wer ' c m 1% SDS, 0.1%

bovi ne serum al bumin, 0.1%ficoll, 0.1% pol yvi nyl pyrrol i done

(hybri di zatign Luti f.ar approximately 1 at ,65[err] C and stored
at -20C Thé? §8F%%t§%§rﬁ§Fe transfered to fres%d%dﬁ4&ﬁzation sol ution 20

cont ai ni ng 32P-Gabebsé PCR 1 probe at 1.2 x 10[er§] cpnini and
hybridi zed for g4gBoat 65[err]C. The filters werg g washed in 0.9 M Nad
0.09 M sodium ci £raté, 0.1% SDS, pH 7.2 (wash solution) for 2 h at room
t enper at ure KEgPPawed by a second wash in fresh wash solution for 25 30
mn at.65[err]CnGsB cvgébophage clones fromthe greas of the pl ates
correspondigg tﬁ rg i oaCtive spots on aut or adi ograns were renoved from
the plates d MaCl escreened with probes PCR1 arft . DNA
from positive cbowep-2080dageifedmwi t h 30 restrisctmus andonucl eases BanHl
Sphl or Sstl, bi ng fragnments wer uhcl oned into pud |9
and subseqﬁggg%gggeaﬁéﬁggg. The strategy fOr:§ ci ng the r at
genom ¢ SCF DNATracehwesadshsedutéanfy in Fi umL/T4A. In this figure,
the line drawing at the top

15 23unless otherwise noted, all ingredients are listed as

q/L.

bTrace Metals solution: FeC13-6H20, 27 g/L; ZnC12-4
H,0, 2g/L; CaCl,-6H,0, 2 g/L; Naj Mo0,-2 H,0, 2 g/L,
20 CuS04-5 H5O0, 1.9 g/L; concentrated HCl, 100 ml/L.

Cvitamin solution: riboflavin, 0.42 g/l; pantothenic
acid, 5.4 g/L; niacin, 6 g/L; pyridoxine, 1.4 g/L;

biotin, 0.06 g/L; folic acid, 0.04 g/L.
25

30

35



35 represents the region of rat genom c DNA encoding SCF. The gaps in
the line indicate regions that have not been

- 62 - sequenced. The | arge boxes represent exons for coding

regions of the SCF gene with the correspondi ng encoded am no acids

i ndi cat ed above each box. The arrows - alepresent the individual regions
that were sequenced and 5 used to assenble the consensus sequence for the
rat SCF gene. The sequence for rat SCF gene is shown in Fi gure 14B.
Using PCR 1 probe to screen the rat. gen®AB&E 10 | jpbrary, clones
correspondi ng to exons encoding amno 10 acids 19 to 176 of SCF were

i solated. To obtain clones for exons upstrean1of t he coding region for
ani no acid 19, the library $@RPAgitEA@FLd ¥edddfcl eoti de probe
228-30. The sane set.of filters used previously wth probe PCR 1 were
prehybri di zed. as before and hybridized 15 in hybridigation sol ution
cont ai ni ng 32P- AT ePXEra%% | gonucl eoti de 228-30 ?8 03 piconole/n) at
50[err]C for GIMb&seThe filters were washed i n4s@sh solution at room
tenperature foréﬁ%dn | owed by a second wash in fresh wash sol ution
at 45[err]C for m acterlophag%’ZO clones fr %1§he ar eas of t he

pl at es corresporikidane tmgtals solution 10 mL/L

Vitamin solution® . 10 mL/L

10
8unless otherwise noted, all ingredients are listed as
g/L.

bprace Metals solution: FeCl3-6H20, 27 g/L; ZnCl,-4
15 H,O, 2g/L; CaCl,-6H,0, 2 q/L; NaZMoO4-2 Hy0, 2 g/L,

CusSO,4-5 H,0, 1.9 g/L; concentrated HCl, 100 ml/L.

Cyitamin solution: riboflavin, 0.42 g/1; pantothenic

acid, 5.4 g/L; niacin, 6 g/L; pyridoxine, 1.4 g/L;
20 biotin, 0.06 g/L; folic acid, 0.04 g/L.

25

30

35



radi oactive spots on autoradi ograns were renoved from the plates and
rescreened with probe 228-30. DNA from positive cl ones was digested
wWith restriction endonucl eases and subcl oned as before. Using probe 25
228- 30, clones corresponding to the exon encodi ng am no acids -20 to 18
wer e obt ai ned. Several at®enpts. were nmade to isolate clones
corresponding to the exon(s) containing the 5' -untransl ated regi on and
the coding region for amno 30 acids -25 to -21. No clones for this-:region
of the rat SCF gene have been isol FASHE 11 C. doning Rat cDNA for
Expression in Mammalian Cells 35 Mammal i an cel | expression
§¥stens wer e devi sed to éﬁggéyJhxpgggggegnMgg£¢é?2gg;yggﬁfhdgeproduct

expressed in and secreted by mamal i an cells. Expression systens were

designed to gx truncated versions of ra §£F (SCF[err] and
SCF[err]) § gﬁgiéF%ﬂ%tein'(SCFl 193) predictedi romthe translation
Yeast extract 86

Glucose 258

_ .2a11 ingredients are listed as g/L.
10
_ EXAMPLE 7
Immunoassays for Detection of SCF

. Radioimmunoassay (RIA) procedures applied for

15 quantitative detection of SCF in samples were conducted
according to the following procedures.

An SCF preparation from BRL 3A cells purified
as in Example 1 was incubated together with antiserum
for two hours at 37°C. After the two hour incubation,

20 the sample tubes were then cooled on ice, 12571-scF was
added, and the tubes were incubated at 4°C for at least
20 h. Each assay tube contained 500 ul of incubation
mixture consisting of 50 ul of diluted antisera, -60,000
cpm of 1251_scF (3.8 x 107 cpm/ug) .,

25 S5 ul trasylol and 0-400 ul of SCF standard, with buffer
(phosphate buffered saline, 0.1% bovine serum albumin,
0.05% Triton X-100, 0.025% azide) making up the
remaining volume. The antiserum was the second test
bleed of a rabbit immunized with a 50% puré preparation

30 of natural SCF from BRL 3A conditioned medium. The
final antiserum dilution in the assay was 1:2000.

The antibody-bound 1251-scF was precipitated
by the addition of 150 ul Staph A (Calbiochem). After a
1 h incubation at room temperature, the samples were

35 centrifuged and the péllets were washed twice with
0.75 ml 10 mM Tris-HCL pH 8.2, containing 0.15M NacCl,



5 of the gene sequence in Fig. 14C. The expression vector
used in these studies was a shuttle vector containing puUCll9, SV40 and
HTLVI sequences. The vector was designed to all ow aut ononous
replication in both E. coli and mammalian cells and to 10 express inserted
exogenous DNA under the control of '\ﬂl%ﬂ DNA sequences. This vector,
desi gnat ed V19 8, harbored in E. coli DH5, is deposited with the

Aner i Col | oKl Dr kvil |
v (AT oa1 i ER o cate, 61088 erken K005 “HRe uoBlieg meddBesed i n
‘Souza U.S. Patemtre codnBdd, bd3a hgamwiy dowrdregortat ddtkymieketbrcpercent
The cDNA for rafe SCES gL é&pweéu;&aseréﬁg%egt und_ bRl 2BLY YSEkThgVidifm The

cDNA sequence i S shown t was us IS
construction 20vews syhth@@Faédfr¢qu;%r&xnﬂﬂu6ﬁéussot9 8REress. foras

shown in F'erenéﬁf?eghﬁﬁé PERSi pERA el indgpeedenkia xsagﬁbhﬁ'ﬁﬁt'ons
and utilized synthetic_oligonucleotide pri.mers 2255 ﬁg d, _227-30. The
e

sequence for thesgure 2§, pthe R%%C%ﬂﬁe%qﬂﬁ?lﬁﬁ8ﬁlﬁ cBiBBARATas 25

described in se§£¢@@cédoﬁythhs & batpd ¥ d §Huadmedcﬁsodsse depBAdkaEr] 1 in
vol une, consi st

ction buffer El mer :
kit), 250 [err] ﬁ%ﬁfﬁ %ég [e%??hﬂ%&ﬂ#pd 53 [ & 9F%Fd2§5 ng nCE% €l err] M
dTTP, 200 ng oIxgmﬁda)ppetnpdtatedcﬁ»&&ets @W@onnhaloﬁdzby §QS IAQEcenﬂle of

 227-30, - angy 30 @tél};%@ié@t?éh{aqtﬂé’lm %Pe.ma Bhfer sgetus). The

cm%vmsmmlfl es usin me?g enperature of
94[err] C for 1 aempebpdanntdl Fhguie aﬂ@ﬁ@ 1sq ?CSFSP angi hanggd an

el ongation tenpgragyrg Qﬁd7§Chre 1ﬁﬁuné. dbl theedt AéSg-gart tampeewads of

PCR 35 aan|f|C§t|on onol es nd 10 ,pi_ gonol es of
227-30 were addeythol ea%h fééct?% zégnﬂ oﬁ§ nd8rd, '

respectively. As determlned by both the decrease in

15 antibody-precipitable cpm observed in the RIA tubes and
decrease in the immune-precipitated 1257_gcF protein
band (migrating at approximately M, 31,000) the
polyclonal antisera recognizes the SCF standard which
was purified as in Example 1.

20 Western procedures were also applied to detect
recombinant SCF expressed in E. coli, COS-1, and CHO
cells. Partially purified E. coli expressed rat
scF1-193 (Example 10), COS-1 cell expressed rat SCFi~162
and scF17193 as well as human scrl=162 (Examples 4 and -

25 9), and CHO cell expressed rat scpl=162 (Example 5),
were subjected to SDS-PAGE. Follow1ng electrophore51s,
the protein bands were transferred to 0.2 um
nitrocellulose using a Bio-Rad Transblot apparatus at
60V for 5 h. The nitrocellulose filters were blocked

30 for 4 h in PBS, pH 7.6, containing 10% goat serum
followed by a 14 h room temperature incubation with a
1:200 dilution of either rabbit preimmune or immune
serum (immunization describéd above). The antibody-
antiserum complexes were visualized using horseradish

35 peroxidase-conjugated goat anti-rabbit IgG reagents
(Vector laboratories) and 4-chloro-l-napthol color
development reagent.



- 64 - were continued for 30 cycles under the same conditions

with the exception that the annealing tenperature was changed to
55[err] C. The products of the PCR were digested wWith restriction
endonucl eases - Hindl Il and Sstll. V19.8 5 was simlarly digested with
Hndlll and Sstll, and in one inst-asae~ the digested plasmd vector was
treated . with calf intestinal alkaline phosphatase; in other

i nstances, the large fragment fromthe di gesti-on was i solated from an

agarose gel. The cDNA waBxanplasdf dwbOWeyters asahyseé4 pokypuekeatide
| i gase. The |igat t5 wer & o] d t col i
gRtg dpg\é“%ed P OgiE L WO 5 32EORAT 1%5 ? ?HGDEAL cE

strain DE5 as [ Ckayans, , supra
prepared from i #8¢ vild®f qgﬁnkngﬂl @F@ﬁé@eﬁa§u@%ﬁu%95 b3nesel Sanger

di deoxy net hod. afd gprerd 260aMs oF £bs- §08§11U§Eodﬁcé/é9h@m§§FEPOT §E}( |
n Exanpl e

pl asm ds werge used to ect el |l s.as described

4 and § Fel ks transtedte “lt?hng'nga  BBOY nadcotanes Br ifar SCFL 164
was construptwltmm m.‘sécrxﬁlagyreilghtl markershatLanes fos @0reSCF1-162
i n which cDNA “a'C§3§ﬁ%5§wﬁﬁggﬁﬁhQ%wF§R ﬁe{Hganaf%gﬁ%%?gﬁgnd subsequently

I nserted into e Cons Wase 'synt hesi zed
in PCR anpl id¢uwka tehswidh hingines seoumai nThg BGRAAE 68e cDhlA

(V19. 8: SCF[ err]dp&si £ £8P B} Grecighiiz®s?a BR8eRELBAnEO%ith an apparent
10 M, of 30,000 daltons from COS-1 cells producing human
scrl~162 pyt not from COS-1 cells producing human EPO.
In the Western shown in Figure 22, lanes 1 and
7 are 1 ug of a partially purified preparation of rat
scrl-193 produced in E. coli; lanes 2 and 8 are wheat
15 germ agglutinin-agarose purified COS-1 cell produced rat
scFl193; 1anes 4 and 9 are wheat germ égglutinin—
agarose purified COS-1 cell produced rat SCF1"152; lanes
5 and 10 are wheat germ agglutinin-agarose purified CHO
cell produced rat scrl=162; and lane 6 is prestained
20 molecular weight markers. Lanes 1-5 and lanes 6-10 were
incubated with rabbit preimmune and immune serum,
respectively. The E. coli produced rat scpl-193 {lanes
1l and 7) mlgrates with an apparent M, of -24,000 daltons
while the COS-1 cell produced rat SCFl 193 (lanes 2 and
25 8) migrates with an apparent M, of 24-36,000 daltons.
'This difference in molecular weights is expected since
mammalian cells, but not -bacteria, are capable of
glycosylation. Transfection of the sequence encoding
rat scrl-162 into COS-1 (lanes 4 and 9), or CHO cells
30 (lanes S and 10), fesults in expressiqn of SCF with a
lower average molecular weight than that préduced by
transfection with SCF1™1?3 (lanes 2 and 8).
The expression products of rat scrl=162 frop
COS-1 and CHO cells are a series of bands ranging in
35 apparent M, between 24-36,000 daltons. The
heterogeneity of the expressed SCF is likely due to



25 the 5 -end of the gene and 237-19 as the primer for the 3'-end of

the gene. Duplicate reactions (50 ul) contained | x reaction buffer, 250
uM each of dATP, dCTP, dGTP and dTTP, 2.5 units of Taq pol ynerase, 20
ng of V19. 8: SCF1 162, and 20 piconoles of each prinmer. The 30 cDNA
was anplified for 35 cycles using a depagyration t enper ature of
94[err]C for 1 mn, an annealing tenperafure - of 55C for 2 mn and an

el ongation tenperature of 72[err]C for 2 mn. The products of the

anpli fications wRrgoh dr%'&e%ta%ciawt@. &ﬁaké'e&eogcﬁrﬂgrgkﬁ findl |l and
35 Sstll and |nserteg he resulting vect contalns t he

~codi ng region ol l owed by a

di fsllymnsaéaé@dd@ ésftfergen grtents SCF fol l oned b

term nation codon. In summary, Western analyses mdﬁ:Eate that

The cDNA for a 193 anino aC|% ornlﬁ& h é gﬁ{err] S

predi cted from tABYCaFETET & O8F £ it§! 1Tﬂ$‘§%ﬁ% b e 14C0) was

al so inserted |nhmmalxapl$€m1deweghmzeViecBmuSmm@tas¢ﬂ(§unﬁnceﬂ nidar to

that 5 used for, t r.at [err e t e this

construction mag—sgéghésF§ggl b regg?yg §4£*?f te é%f%ifﬁf?rﬂ%ﬁwe

13A) utilizing bamgsnu@l@opp@¢$022$a@913 CO@&EBEENE:Hf &Yt e lleact i ons

represent indepgpd@itea ep@IP! ithi ¢attRAS SLFESL0BE "R difd A e
the SCF antiserum, preimmune serum from the same rabbit

10 failed to react with any of the rat or human SCF

expression products.

EXAMPLE 8
In Vivo Activity of Recombinant SCF

15
A. Rat SCF in Bone Marrow Transplanation

COS-1 cells were transfected with V19.8

scrl=162 jip 2 large scale experiment (T175 cm? flasks

20 instead of 60 mm dishes) as described in Example 4.
Approximately 270 ml of supernatant was harvested. This
supernatant was chromatographed on wheat germ
agglutinin-agarose and S-Sepharose essentially as
described in Example 1. The recombinant SCF was

25 evaluated in a bone marrow transplantation model based
on murine W/WY genetics. The W/W' mouse has a stem cell
defect which among other features results in a
macrocytic anemia (large red cells) and allows for the
transplantation of bone marrow from normal animals

30 without the need for irradiation of the recipient
animals [Russel, et al., Science, 144, 844-845%6
(1964)]. The normal donor stem cells outgrow the .

defective recipient cells after transplantation,
In the following example, each group contained
35 six age matched mice. Bone marrow was harvested from
normal donor mice and transplanted into W/WY mice. The



10 preparations. The sequence for 227-29 was obtained via PCR

reactions as described in section A of this Exanple - and the sequence
for primer 230-25 was obtained fromrat genom ¢ DNA (Figure 14B). The
reactions, 50 [err]l in vol une, co_nsg' ted of Ix reaction buffer (froma
Perkin 15 Elnmer Cetus kit); 250 [err] MTATP,- 250 [err] M dCTP, 250 [err]M

dGTP, and 250 [err] M dTTP, 200 ng oligo(dT)-prined cDNA, 10
pi conol es of 22 ' eshof 53 s i i Jaq
pol ymer ase (Per%{%gelizl P??%)gtgggé. Tﬁergc%&?é!t aj\/\}gs al%pl’ﬁ iéeaauf%’r actf/lcl es
using a denatur@ifbarent EémperBewt & NP a3t Frorand g d ey, o
anneal i ng t eneecashyE em@t r&9G & e te Fllihe Ay ahe|SMIGAL IdH the
tenperature of 72C for 2 nbg. Aﬁteggghese i nit.ial rounds, the
anpl i fications RBFEPRBRETNBEAOF oFekss framsFeciPifffetd OO Me conditi ons
\é\nbt h- t]htce: exgﬁptg’:@ér&bbgpethe'rﬂ%s c@nwaaéh idgr %:g#rp&raa;ilﬁi@ma&:dé_fmmﬂddtq ]
err]C e products . t he anpl. ficati e digested wit
restriction 8éﬁﬁﬁﬁﬂgfeé§e§ef-fﬁ‘bﬁ$l%§'a ndhanLng %3‘%% Shafstred
with Hndl Il anpr&Sile GRASCAN, | Begfeor Rigrkemsdmlomtt fthe redditjesid on was
i solated from a?ef‘ﬂé‘[ Osfhge#_ﬂofi.rf? NV 3 (f%%s'dl%tee% ta%i}@a%‘ §a4si ng T4
pol ynucl eoti de Tigase. e [ gation products were trans SFmed i nt o
conpet ent Ecomparedt kQi hhdHsE @ P dresarsed fresHha i_mity iudral

bacterial Ci@neéga\ﬁ§|§§§ﬁﬂ6ﬂ066ntE'@E%\iﬁdaﬁl?dﬁad:s SARINE time PAGH.0 tphansfect
manmal i an cells in angle 4. 35 cq s .
. comparison was made utilizing a computer program based
on Kolmogorov-Smirnov statistics for the analysis of

histograms from flow systems [Young, J. Histochem. and

© Cytochem., 25, 935-941 (1977)]. An independent
15 qualitative indicator of engraftment is the hemoglobin
type detected by hemoglobin electrophoresis of the
recipient blood [Wong, et al., Mol. and Cell. Biol., 9,
798-808 (1989)] and agrees well with the goodness of fit
determination from Kolmogorov-Smirnov statistics.

20 Approximately 3 x 102 cells were transplanted
without SCF treatment (control group in Figure 23) from
C56BL/6J donors into W/WY recipients. A second group
received 3 x.lo5 donor cells which had been treated with
SCF (600 U/ml) at 37°C for 20 min and injected together

25 (pre-treated group in Figure 23). (One unit of SCF is
defined as the amount which results in half-maximal
stimulation in the MC/9 biocassay). In a third group,
the recipient mice were injected sub-cutaneously (sub-Q)
with approximately 400 U SCF/day for 3 days after

30 transplantation of 3 x 10° donor cells {Sub-Q inject
group in Figure 23). As indicated in Figure 23, in both
SCF-treated groups the donor marrow is engrafted faster
than in the untreated control group. By 29 days post- _
transplantation, the SCF pre-treated group had converted

35 to donor phenotype. This Example illustrates the
usefulness of SCF therapy in bone marrow transplantation.



- 66 - D. Anplification and Sequenci ng of Human SCF cDNA PCR
Product s The human SCF cDNA was obtained froma 5 hepatoma
cell line Hep& (ATCC HB 8065) using PCR anplification as outlined in
Figure 13B. The basic strategy was to anplify human cDNA by PCR with
primers whose sequence was obtained fromthe rat SCF cDNA. _

RNA was prepared as descri bed by Mani ati% 10 et al. [ supra (1982)]. Pol yA+
RNA was prepared using oligo dT cel | ul ose foll owi ng manuf acturers

di rections. B( OoIIIn%f[ |\é 1 Fee6 haé n‘..)F i e F|t L;'{ strand
synt hesis was prined 15 mnth 2 [err]NIollgonucIeotlde 228-28, shown in

Fi gure 12C, whi ch conwtamnghsﬁttﬁéwpmﬁm%@%ém&

attached to a | onger uni que sequence. The uni que- sequence portion of
228-28 provides i twrgétopglteélﬁopell&amﬂrrrq‘qtcaﬁqldrs'bwwcmmh pri mer

228-29 as norg speilfd.C 3Ge PemE®bpoi&bi@rgeiah S.%qlﬁmqsegte'aaé abd&d

| east part of the rat_. SCE 333 ﬁnce ¥§2£? 4gé¥ |ed fron1the HepQ&2

cDNA by PCR usi AyfReofers 389. 54°gAqceb Y Gardon gure 13B;
15 cycl es annealReyylait iGl efr Hembobboiesli by vol. I5 c@&ﬂ-e&?ﬁmnﬂldﬁwu-at
55C). Agarose ¢ el ph LES e ot band only a
snmear of apgéaer'ét% IY Cﬁ%[ %dgie&ngogéf’lé ze@d]DNX\ cq'—t éfsﬂ.l pref erenti al
anplification of[&tmmﬁrtaes FlogseBgpce eEJgpeoBlOI Medat 1ISCF A was

at tenpt ed bh&”(])@‘l&] HuoPG'Sy‘MeEh{Shibélti erf ] lzafuddte. AR 23404 oduct

using internally neste ra
(198S) ], megakaryocytes [Ebbe, Exp. Hematol., 6, 201

(1978)], natural killer cells [(Clark, Immunogenetics,

12, 601 (1981)], and mast cells- [Hayashi, Dev. Biol.,

109, 234 (1985f]. Steel mice are poor recipient§ of a
15 bone marrow transplant due to a reduced ability to

support stem cells ([Bannerman, Prog. Hematol., 8, 131
© {(1973)]. The gene encoding SCF is deleted in Steel
(51/51) mice. _
Steel mice provide a sensitive in vivo model

20 for SCF activity. Different recombinant SCF proteins
were tested in Steel-Dickie (51/516) mice for varying
lengths of time. Six to ten week old Steel mice
‘(WC36F1-51/51d) were purchased from Jackson Labs,

Bar Harbor, ME. Peripherél blood was monitored by a

25 SYSMEX F-800 microcell counter (Baxtef, Irvine, CA) for
red cells, hemoglobin, and platelets. For enumeration
of peripheral white blood cell (WBC) numbérs, a Coulter
Channelyzer 256 (Coulter Electronics, Marietta, GA) was
used. :

30 In the experiment in Figure 24, Steel-Dickie
mice were treated with E. coli derived SCF 1-~164,
purified as in Example 10, at a dose of 100 ug/kg/day
for 30 days, then at a dose of 30 ug/kqg/day for an
additional 20 days. The protein was formulated in

35 injectable saline (Abbott Labs, North Chicago, IL)
+0.1% fetal bovine serum. The injections were



30 SCF prinmer 222-11 and-priner 228-29 (PCR 24.3; 20 cycles . anneal i ng
at 55[err]C). Again only a heterogeneous snear of DNA product was
observed on agarose gels. Doubl e-si ded specific anplification of the
PCR 24.3 products with prinmers 222-11 and 227-30 (PCR 25.10; 20 cycles)
gave 35 rise to a single major product band of the sane size as t he
correspondi ng rat SCF cDNA PCR product. Sequenci ng

- 67 - of an asymmetric PCR product (PCR 33.1) DNA using 224-24 as
sequenci ng pri nepeyfermed &bickit, 'ﬁyH@&$@$eoﬁShunanTS€Fperiphqueﬂc@iood

Simlarly, a”D"$é§aﬁéﬁikégeé-J‘awﬂall°§lkggspgg 55? PLogyet, first wth
b

primers 224-25 and_22 then Wth prinmers
224- 25 and 2b 8@3‘(%1'%14!195111)!1 Fdourat 24 - on@hﬁa poganasofoilhecssde

si zle ?s tPe COFL%%@%Q!’% rmbmltcdo%ccia%dors Qliﬁbesaﬂﬁdaﬁlggensed%)igﬁmL' c |
anpliirtircati on €d a . sequen S onol ogous
to the rat SCE s@ﬂﬂ%ﬁ&% v#hé% microfugs, taes 8551%§m§BGue gﬁbzﬁaner

Uni que sequence NY). oIT@Qﬂeowynu&h@ahfdeantacgetedtﬁbntbe bhean SCF cDNA
wer e synt hesi ze n h nG re 12B. .15
u'ﬁ%ﬁg%%:ﬁa erapnae?rr'ea ﬁgx 5? Eg_d anxmals ' BE1§ei6e o

To obtain the h
the control animals. Upon cessation of treatment, the

treated animals return to the initial state of
10 macrocytic anemia. '
In the experiment shown in Figure 25 and 26,
Steel-Dickie mice were treated with different
. recombinant forms of SCF as described above, but at a
dose of 100 ug/kg/day for 20 days. Two forms of
15 E. coli derived rat SCF, scrl™164 ang scrl=193, yere
- produced as described in Example 10. In addition,
E. coli SCF1™164 podified by the addition of
polyethylene glycol (SCFl'164 PEG25) as in Example 12,
was also tested. CHO derived scrl~162 produced as in
20 Example 5 and purified as in Example 11, was also
tested. The animals were bled by cardiac puncture with
3% EDTA coated syringes and dispensed into EDTA
powdered tubes. The peripheral blood profiles after 20
days of treatment are shown in Figure 25 for white
25 blood cells {(WBC) and Figure 26 for platelets. The WBC
differentials for the scrl~164 PEGZS-group are shown in
Figure 27. There are absolute increases in
neutrophils, monocytes, lymphocytes, and platélets.
The most dramatic effect is seen with SCFi~164 ppg 25,
30 An independent measurement of lymphocyte
subsets was also performed and the data is shown in
Figure 28. The murine equivalent of human CD4, or
marker of T helper cells, is L3T4 [Dialynas,
J. Immunol., 131, 2445 (1983)]. LyT-2 is a murine
35 antigen on cytotoxic T cells [Ledbetter, J. Exp. Med.,
153, 1503 (1981)]. Monoclonal antibodies against these




PCR- gener at ed codi ng sequence which was used in expression and activity
studies, a PCRwth priners 227-29 and 227-30 was perforned on 1 [err]l
of PCR 22.7 product in a reaction volume of 50 [err]l (PCR 39.1). 20
Amplification was perfornmed in a Coy Tenpcycler. Because the degree of
m smat chi ng bet ween the human SCF cDNA and the rat SCF uni que primer
227- 30 was unknown, a Iom/stringen6y98f‘annealing (37[err] C was used
for the first three cycles; afterward annealing was at 55[err]C. A 25

i nent band of th i t 590 bp).,. t. horol
ppoar et and WP ST ex Ao 0L A Laa b B Foh crotsefal 17 pTt i on of

PCR 39.1 producttmratddRnimalwi.t h the sane priners (PCR 41.1). Because nore

than one — band vas obsgiiad i oblewBEOQUS! Red! (£ Yydonddyider 30 PCR

w th nested internal priners was performed I .n orde . rmne at
| east a portion safbgats AsqfeddeOvsef ofwo hundredi picrokiterodywheke of PCR

Wi th pritrre;é 5233t{1?q7°@g%§s dr,aﬁﬂf%_%m( E’§8§5%d§31 araﬁﬁsg% gin%&?tmd band was
apparent. Asymetric Wi ri mers - - nd, sequenci ng
confirmed the prdgatesd Huhase Bac uﬁéﬁpiwglﬁl&%‘gq‘(ﬁéeﬁe%%mg of the .
PCR 41.1 SCF  sterile deionized water for 60 second$8and then md¥einto the

expressi on VeCt(¥so:g%f%\%¥%hpﬁ%&pbﬁggeééo’é Phosphate Buffered Saline

(PBS) (Gibco, Grand Island, NY). This lysed blood was

10 washed 2 times with 1X PBS (Gibco, Grand Island, NY)
suéplemented with 0.1% Fetal Bovine Serum (Flow
Laboratory, McLean, VA} and 0.1% sodium azide. Each

- sample of blood was deposited into round bottom 96 well
cluster dishes and centrifuged. The cell pellet

.15 (cdntaining 2-10 x 10° cells) was resuspended with 20
microliters of Rat anti-Mouse L3T4 conjugated with
phycoerythrin (PE) (Becton Dickinson,
Mountain View, CA) and 20 microliters of Rat anti-Mouse
Lyt-2 conjugated with Fluorescein Isothiocyanate

20 incubated on ice (4°C) for. 30 minutes (Becton
Dickinson). Following incubation the cells were washed
2 times in 1X PBS supplemented as indicated aboved.
Each sample of blood was then analyzed on a FACScan
cell analysis system (Becton Dickinson, Mountain View,

25 CA). This system was standardized using standard
autocompensation procedures and Calibrite Beads (Becton
Dickinson, Mountain View, CA). These data indicated an
absolute increase in both helper T cell populations as
well as cytotoxic T cell numbers. ;

30
C. In vivo activity of SCF in'primates

Human SCF 1-164 expressed in E. coli
(Example 6B) and purified to homogeneity as in
35 Example 10, was tested for in vivo bioclogical activity

in normal primates. Adult male baboons (Papio sp.)



-al ready described for the rat SCF 1-162 PCR fragnents in Section C

above. DNA from i ndividual bacterial clones was sequenced by the Sanger
di deoxy nethod. 5 E. doning of the Hunman Stem Cel | Factor Genom c. DNA
A PCR7 probe made from PCR anplification of cDNA, see Figure 13B, was
used to screen a library 10 containing human genom c sequences. A riboprobe
conplenentary to a portion of human SCF X@NA see bel ow, was used to
re-screen positive plaques. PCR 7 probe was =~ prepared starting with the
product of PCR 41.1 (see Figure 13B). The product of PCR 41.1 was
further 15 anpliVee8 SFedied |erthoeer grougsd 2antpeatede Radalting 590
bp fragment was stgtegofg gayuaagg,arr&%e g@h aod 30 ui,e@apaa {1l ed=pit hohe

was di [uted 1000-fol d

sanme prinmers (PCR 58,1 roduct HECR 58
inab50 [err]1 Ctrepgy EELE AT oA I o6 LpABF cd2 b8. SUDGHEABRERST | ed f or
20 10 cycles. Afipfetbeossidbt iSTF Of meoﬂﬁabeﬁlﬁénQZJeB@ éEtalneBhQrom

reaction, the_P was _ conti nue 20 c dditional _80 pnol es
of 233-13 was> aggha ﬁﬂﬁm?% ék?ikﬁﬁﬁqﬁ? V5Fﬁﬁﬁafﬁ5rea§% TctBe8s F@Fr]l and
t he PCR was complatedbiood lEowntsl aetithéocpeet counpy odndt plaeeekS

di l uted 200-fold r P 0,pnpl es, of 3 nd .20
pnol es of 233- 13¢9£p§ gg §d§géﬁéﬁ§§3§ %ay% 1i neffg%hed fo?8 % é e?fu5|ng
an anneal i ng t enpeeatuest. of 48[err] in reaction 96.1. To produce

32P- 1 abel ed PCR7, reaCAlI"hﬁEHEié'é%Q%z%lekﬁé 590&89@2 Hﬁ&dhLQ ggke'
PCR1 30 mere used with the fo]l ow ng exceﬁtlons in a reaction vol unme

of 50 [err]Il PCP{dgﬁrieV\é?ﬁ'H%‘E%oml(ﬁF%(‘} §LaBYpnofRe Whitgsbigedsrgedds
used as the sol ecpuhbelacaedsed nydlas 100 ug/kPOR set ed peninamedaygi t h

denaturati on ot 34Lettla’ o pigude 991" meBTFELLDR: 21 %BLGREL TO7

m nutes and el on
obtained manually from Wright Giemsa stained peripheral

blood smears, is also indicated 'in Figure 29. There
15 was an absolute increase in neutrophils, lymphocytes,

" and monocytes. 'As indicated in Figure 30 there was
also an increase at the 100 ug/kg dose in the
hemtocrits as well as platelets.

Human SCF (hSCE‘l'164 modified by the addition
20 of polyethylene glycol as in Example 12) was also
tested in normal baboons, at a dose of 200 ug/kg-day.,
administered by continuous intravenous infusion and
compared to the unmodified protein. The animals
started SCF at day 0 and were treated for 28 days. The
25 results for the peripheral WBC are given in the
following table. The PEG modified SCF elicited an
earlier rise in peripheral WBC than the unmodified SCF.

30
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35 at 72[err] for 2 mnutes. - 69 -

The riboprobe, riboprobe 1, was a 32p- | abel | ed singl e-stranded RNA
conpl ementary to nucl eoti des 2-436 of the hSCF DNA sequence shown in
Figure 15B. To construct the vector for the production 5 of this probe, PCR
41.1 (Figure 13B) product DNA was digested with Hndlll and EcoRl and
cloned into the pol yl i nker of the plaspgyd vector pGEM3 ( Pronega,

Madi son, W sconsin). The reconbi nant pGEM3: hSCF pl asmi d DNA was t hen

| i nearized by digestion with Hndlll. 10 32p-I abﬁ'—f? ri boprobe 1 was
prepared fromthedeatesrtzad th 20asgy/dgbBdybySCBNOTT "t ranscription with T7
RNA pol ynerase according to the instructions provided by Pronega. The
reaction (3 [err]l) contai ned-250 ng of | i neari zed pI asm d DNA and 20
[err]M32[err]-rCTP(C£&w008H New EngnimalN#cMEER20NEN) with
no additional unl aipt ed CTRype ThepRynman genggec |ibrary
was obt ai ned from Stratagene (La Jolla, CA;, catal og #: 946203) The

library was cdhstructed 9n the ba@%iophage Lanbda 90 Fix | F888ctor using

DNA prepared froma Caucasi an naigroe placenta. Thezlibrary, 739
characterized by the

+14 12600 _ +14 20900
+16 22000 C+21 18400
+22 31100 T 423 24900
10 +24 28100 +29 13000
+29 9600 +30 23000
+36 6600 +37 12100
+43 .5600 . +44 10700
" 451 7800
15
Treatment with 200 ug/kg-day PEG-hscF1~164,

Animal ¥ M88350 Animal §# M89116

20 DAY WBC DAY WBC
-7 12400 -5 7900
-2 11600 0 7400
+4 24700 | +6 16400
+7 20400 _ +9 17100
25 +11 24700 +13 18700
+14 32600 +16 19400
+18 33600 +20 27800
+21 26400 +23 20700
+25 16600 +27 © 20200
30 +28 26900 +29 18600
+32 9200 +33 7600

35



supplier, contained 2xl[err] primary plaques with an aver age insert
size greater than 15 kb. Approximtely 106 bacteriophage were plated as
described in Maniatis, 25 et al. [supra (1982)]. The plaques were
transferred to GEne Screen Plus[err] filters (22 cnR; NEN DuPont)
according - to the protocol fromthe nkRé&facturer. Two filter

transfers were perforned for each plate. The filters were
prehybridi zed in 6XSSC 30 (0.9 M Nad %%ﬂgsodl umcitrate pH 7.5), 1%
SDS at 60C. The filters were hybridf fresh 6XSSC, 1% SDS

sol ution containi ng 32er vitlrabdlcéd vRER dfpRebembinant RuddfheSCF cpm n and
hybridi zed for 20 h at 62C. The filters were washed i n 6XSSC, 1% SDS
for 16 h at 62C. 35 A bacteriophage plug was renoved froman area of a

pl ate whi ch correspond&@et@h‘%\mgd&ma}b HPocorgesponding to amino

- 70 - Ut o¢ 8k OgL BET @B@lam@@r@;m Wéalet%%eoﬁ@& ﬁ%

ri boprobe 1. The_rescreen wth PCR 7 probe was forme sin
conditions sim | B¥2PBlehdRe YRESFAre$eed in jGQS+ %ﬂceééﬁeéﬁ dRfC 1] een

Wi th riboprobe lfgasthé raerSOFned Bgark éOMﬁ-CdGhQ Eh H%&MHE% wer
prehybridi zed in hl@68q§ and r|dized q C for % I n
0.25 M Nan%??Tye%p?P7 Bfan oone ALY &8 61 MaED R /omu“ne

HPP-CFC and MC/9 assays. The human protein was not
10 active at the concentrations tested in either murine

assay; however, it was active on human bone marrow.
The culture conditions of the assay were as follows:
human bone marrow from healthy volunteers was
centrifuged over Ficoll-Hypaque gfadients {Pharmacia)

15 and cultu;ed in 2.1% methyl cellulose, 30% fetal calf
serum, 6 x 1072 M 2-mercaptoethahol, 2 mM glutamine,
ISCOVE'S medium (GIBCO), 20 U/ml EPO, and 1 x 105
cells/ml for 14 days in a humidified atmosphere
containing 7% O,, 10% CO,, and 83% N,. The colony

20 numbers generated with recombinant human and rat SCF
COS-1 supernatants are indicated in Table 12. Only
those colonies of 0.2 mm in size or larger are

indicated.
25 Table 12
Growth of Human Bone Marrow Colonxes
in Response to SCF
Volume of CM Colony #/100,000
Plasmid Transfected Assayed (ul) cells £ SD
30 V19.8 {no 1insert) 100 0
’ 50 ) 0
v19.8 human SCF}-162 100 3337
50 22%3
v19.8 rat SCFl—162 100 13+1

.35 50 | 10




formam de , 7% SDS and ri boprobe at 1X10[err] cpmim . The. filters were
washed in 6XSSC, 1% SDS for 30 mn at 62[err]C 10 followed by | XSSC, 1%
SDS for 30 mn at 62[err]C. DNA from positive clones was digested with
restriction endonucl eases Bam H, Sphl or Sstl and the resulting
fragrments were subcloned into pUC | 9 andogubsequent|ly sequenced. 15
Usi ng probe PCR 7, a clone was obtai ned that I ncl uded exons encodi ng
amno acids 40 to 176 and this clone is deposited at the ATCC (deposit
#40681). To obt ai n cl Ghes cbdpniddi vh et g SGF caveonsthe hkd hdapnperiod

i b dg t b
33520, T'herF‘f%ﬁﬁﬁ‘a‘a&ﬁig?‘ee%?erhpgpf“?*’ﬁ‘anﬁi#d‘sﬁ?‘% PLP0D TRER 4EFeR O

previously with i Catesfélﬁﬂﬁﬂﬁglegéé@ﬁY(nughQfﬁ?hﬂﬂ#3$h§§§¢@hlmﬂthhprobe

235-29 was done naltn%crmdctphecwshe@sfpﬁ £HY S lardB/tHM’é zphiOpayere for 1
h at 37[err]C and 1 err] C Posi tive clones were rescreened with

at
ri boprobe 2, 3 043 Mrob@“ é'f?dtBFlQB?I%%T%t‘?fd@Pﬁ)r'otﬁﬁ“gzﬁ 2bhend
236-31. R bopr ahftond esnted enbemoghdbinbiad). a W atd colosies|@erso that

dt d , With.th fol | ti ; th
vsed L0 DT oouce BB Gnl (kL Hlfeq on{d ST L RIS, {2 L1
endonucl ease Cyraddin( r(iShapdoiné ﬂplbowé&tby(sudnnrngmwfghamdigbh-the
SP6 RNA poIynerqﬁﬁﬂ&£¥oqﬁgagfgggmgﬁggttgefyq%gﬁg an ri boprobe 3.

Fi gure 15A shows ate uman genomic DNA.  In
this figurel® hequlrfé%red\kllﬁﬁeét cell t’héht%)plaﬂ‘e%r é"s%‘rh%u-"t’r@?@glﬁﬁmof human

genom ¢ DNA ratio as shown in Figure 31B (magnxfxcatlon 400x). The

arrows in Figure 31B point to the following structures:
arrow 1, cytoplasm; arrow 2, nucleus; arrow 3,
vacuoles., Immature cells as a class are large and the

15 cells become progressively smaller as they mature [Diggs
et al., The Morphology of Human Blood Cells, Abbott
Labs, 3 (1978)]. The nuclei of early cells of the
hemotopoietic maturation sequence are relatively large
in relation to the cytoplasm. 1In addition, the

20 cytoplasm of immature cells stains darker with Wright-
Giemsa than does the nucleus. As cells mature, the
nucleus stains darker than the cytoplasm. The

morphology of the human bone marrow cells resulting from
culture with recombinant human SCF is consistent with
25 the conclusion that the target and immediate product of
SCF action is a relatively immature hematopoietic
progenitor.
Recombinant human SCF was tested in agar
colony assays on human bone marrow in combination with
30 other growth factors as'desctibed above. The results
are shown in Table 13. SCF synergizes with G-CSF,
GM-CSF, IL-3, and EPO to increase the proliferation of
bone marrow targets for the individual CSFs.
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- 71 -

have not been sequenced. The | arge boxes represent

regi ons of the SCF gene with the
i ndi cat ed above each 5 box.

encodi ng SCF. The gaps in the line indicate regions
exons for coding
correspondi ng encoded am no aci ds

The sequence of the human SCF gene is shown

t hat

in Fi gure 15B. The sequence of hunmani®&CH cDNA obt ai ned PCR

techni ques is shown in Figure 15C

5' Region 10

F. Sequence of the Human SCF cDNA

Sequenci ng of products from PCRs prined by two

gene-specific priners reveals the sequeP&BL®Bflihe regi on

3' ends of the two priners.
can yield the sequence 15
t he sequence BRC®?

ext end
cDNA.
~fromthe hu
ol i gonucl eot i

3D. Tailing of this

bl adder carci noma cel
e 228-28 (Figure 12C)

One- si ded PCRs,
of fl anki ng regions.
pRinant humang

bounded by the

as indicated in Exanple 3A
One-si ded PCR was used to

&FedYRBEHYN WAt hhORRE T SCF
First stmamsh dddnvastimapatedgl Fagrpeky A+

RNA

'Tne 5637 20
as priner,

(CATCCHIB 9) .using
as described in Exanple

cDNA with dG resi dgedpnfolt/avedcbylsneisi gagshCR

anplification using priners containing ((dC)n sequences

I n conbi nati on

Wi th SCF-specific prinmers, failed to 25 vyield cDNA fragments extending

upstream (5') of themock known sequence.. 0 '

hG-CSF - 32 £ 3

10 hG-CSF + hSCF 74 £ 1
hGM-CSF 14 £ 2
hGM-CSF + hSCF | 108 £ 5
hIL-3 . 23 £ 1
hIL-3 *+ hSCF 108 £ 3

15 hEPO 10 £ 5
hEPO + IL-3 17 £ 1
hEPO + hSCF 86 £ 10
hSCF 0

20 Another activity of recombinant human SCF is

the ability to cause proliferation in soft agar of the
human acute myelogenous leukemia (AML) cell line, KG-1
(ATCC CCL 246). COS~1 supernatants from transfected
cells were tested in a KG-1 agar cloning assay [Koeffler

25 et al., Science, 200, 1153-1154 (1978)] essentially as
described except cells were plated at 3000/ml. The data
from triplicate cultures are given in Table 14.
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A smal | anmount of sequence information was obt ai ned from PCR
anplification of products of second strand synthesis prined by

ol i gonucl eotide 228-28. The 30 wuntailed 5637 first strand cDNA descri bed
above (about 50 ng) and 2 pnol of 228-28 were incubated with Kl enow

pol ynmerase and 0.5 mM each of dATP, dCTP,. dGIP and dTTP at 10-12[err]C
for 30 minutes in 10 uL of IxNi ck-trans03t i on buffer [Maniatis et al.,
Mol ecul ar C oning, a Laboratory 35 Manual, Cold Spring Harbor Laboratory
(1982)] . - Anplification of the resu&tifg f&]WA by sequential one-

- 72 - sided PCRs with prinmer 228 I n"conbi nation with nested SCF

primers (in order of use: 23§c39’53?§'&- r 230580 A finally 235-29)

yi el ded conpl ex product-nixtures————mhri%—appearéﬁ—éggg%ears on agar ose

gels. Significant 5 enrichment of SCF-rel@igghdDNA fra éymggébagicated
1

by the increasipigdiiiersahk rebckle spegggéfééwgggct barQg HLRSErved when
conpar abl e ol ' = TC e

anplified wthyhwo gSEREPEINERES ) (227-29 snd 235-29, for exgppl e,
yi el ding a product of 10 about 150 bp). Attenpts to select for a particular

si ze r ange vafg .@r adwains seylpdféhi ng out pmrtions of the j4:@garose gel
snears and reanplifying by PCR in nbost cases2 - 8+0 -
. ' 6 . 9+5
3 6+4
10 1.5 616
v19.8 rat scrl-162 25 6+1
human GM-CSF : 50 (5 ag/ml) 1445
15 EXAMPLE 10

Purification of Recombinant SCF Products

Expressed in E. coli

" Fermentation of E. coli human SCrl=164 ag
20 performed ;ccording to Example 6C. The harvested cells
(912 g wet weight) were suspended in water to a volume
of 4.6 L and broken by three passes through a laboratory
homogenizer (Gaulin Model 1SMR-8TBA) at 8000 psi. A
broken cell pellet fraction was obtained by
centrifugation (17700 x g, 30 min, 4°C), washed once

with water (resuspension and recentrifugation), and

25

finally suspended in water to a volume of 400 ml.
The pellet fraction containing insoluble SCF

{estimate of 10-12 g SCF) was added to 3950 ml of an
30 appropriate mixture such that the final concentrations
of components in the mixture were 8 M urea (ultrapure
grade), 0.1 mM EDTA, 50 mM sodium acetate, pH 6~7; SCF
concentration was estimated as 1.5 mg/ml. Incubation
was carried out at room temperature for 4 h to
35 solubilize the SCF. Remaining insoluble_material was -
' removed by centrifugation (17700 x g, 30 min, room



failed to yield a well-defined band which contai ned SCF- rel ated
sequences. 15 One reaction, PCR 16.17, which contained only

the 235-29 prinmer, gave rise to a band which apparently arose from
primng by 235-29 at an unknown site 5' of the coding region in :
addition to the expected site, as showggby mapping with the restriction
enzynmes Pvull and 20 Pstl and PCR analysis with nested priners. This

pr oduct was gel -purified and reanplified with primer 235-29, and
sequenci ng was attempeedtbye)he Bangeefaldingfremtitation abithe

32[err] -1 abelled 3 Th e ce { aS|s
for the design of Qé??ﬁ%%‘ﬁ%?goﬁzp Ehé %@ Elf ur%e#%lg)% ‘(V/\%Zn C{]c%és)
directed primer wasowly: ¥agh; ﬁtéﬁbéﬁﬁueﬁ@ kg e |ﬁ1QﬁNﬂﬂr&H9Rﬂanaﬂe!?

direct ed SCF Bikegte, shandenat the Exer!@halmd HEidh YL
Di rect Sanger gequenchng of such PCR‘guéducts |elde nucl eot

t hrough 204 of>a hOnhRe SBEXERRR “Brecfuaibhr rapure gtade),
order to obtain rmrelsmquenm as lithes&hv.ﬁiﬂ(hcet:atﬁc t9re nlMSGT i1 iy

d
oLy and DN v PEEBSr ol 8Thcan PG54 B8l Gl el o 8 i

containing 35 O. eonbbhtbateoarwesteahsmthﬂzaﬁaKanngV&aed thEkBBb)h at

?n335?0 uM each dPEEh é@ﬁSér§E&PQa[9hQPEQP'Efﬂﬂé”(gfa?“-zo h) are
) 10 suitable also], with stirring, the mixture was

concentrated two-fold using a Millipore Pellicon
ultrafiltration apparatus with three 10,000 molecular
weight cutoff polysulfone-membrane cassettes (15 ££2
total area) and then diafiltered against 7 volumes of
15 20 mM Tris-HC1l, pH 8. The temperéture during the
concentration/ultrafiltration was 4°C, pumping rate was
5 L/min, and filtration rate was 600 ml/min. The final
volume of recovered retentate was 26.5 L. By the use of
SDS-PAGE carried out both with and without redﬁction of
20 samples, it is evident that most (>80%) of the pellet
fraction SCF is solubilized by the incubation with 8 M
urea, and that after the folding/oxidation multiple
species (forms) of SCF are present, as visualized by the
SDS~-PAGE of unreduced samples. The major form, which
25 represents correctly oxidized SCF (see below), migrates
with apparent M, of about 17,000 (unreduced) relative to
the molecular weight markers (reduced) described for
Figure 9. Other forms include material migrating with
apparent M, of about 18-20,000 (unreduced), thought to
30 represent SCF with incorrect intrachain disulfide bonds;
and bands migrating with apparent M s in the range of
37,000 (unreduced), or greater, thought to represent
various SCF forms having interchain disulfide bonds
resulting in SCF polypeptide chains that are covalently
35 1linked to form dimers or larger oligomers, .
respectively. The following fractionation steps result



and chl orof orm extracti ons and et hanol precipitation (from1 M anmmoni um
acetate) steps, the nucleic acids were resuspended in 20 uL of water,
placed in a boiling water bath for 5 minutes, then cooled and tailed
with 5 termnal transferase in the presence of 8 uM dATP in a
CoCl[err]-containing buffer [Deng and \i;glethods in Enzynol ogy, 100,
pp. 96-103]. The product, (dA)[err]-tailed " first-strand cDNA was
purified by phenol -chl oroform extraction and et hanol precipitation and
resuspended in 19n2@embvel bOntemaisingHe8.folh ébliﬂﬁbﬁt@ﬁfﬂﬂ&{s and of the

Enrichnent and a ' t ted c 5' _ end
fragnents fronlaggbhk§8a 589 E%BHE”BQL%% err?éfd? %égg;QJiaPﬁﬁﬁpt
perforned as folhemsgeaﬁxty. ihlb1@1096C¢&bYe%ctﬁvenunnﬁahmhﬁﬁahNwisé
performed in theogbaphgdence of SCF-specific primer 236-31 and a priner or

primer mxturg containing dT)n sequences at or near the 3" end, for
i nstance prinmér 221-12 or Hh®iRE Rk Hhe ultrafikhratizm setgz(;axe avek 220- 11
(Figure 120Q). ThEdJusteeoductss(&y [#dditdordfoft NERP ofiICRE e( Ifled

in a 20 second sg onptainin rinmers 221-12 an

maj or product baﬁé gfcaﬁﬁf%klﬂ%ﬁ% %fg re%ﬁéhceolﬁ’}el"\}édbllﬁ each case
uponhagarOfe ?elpaaaﬁpstateﬁxmateg&ﬂl;ﬂl&fﬁﬁrﬂ&nImumg Rl whilcht ol pftand was
punched out o g ur p| _

transferred to dm%ﬁ%| £ E%e Eéhf§¥ﬁgﬂéﬁﬁﬁ ﬁ?J§§i£§ Q%Hﬁg %&U&éﬁ and the

pl ug was nel}ed bﬂ“-%@(ﬂm{ e'FlP? (Yq!ﬁ;ﬁﬁll mg-he upgescil4 LAWRER dechaiteldn@nd i ners

221-12 and 235-2§¢ £Ed ) ol N lL.at.e .0f
t he nmel t ed, df}ﬁ?gég p@?‘%gCJ] Cg‘@er%fgpcyc 2y Q‘i'itét; %tt bgog‘l? se

band of apprOX|nﬁ?e??m R Lclamdifhicationm Theaéé#GSé Qewaan&hygls
Asymmetric PCRs deletedry .os-nﬁﬂl.d with wateer.and applied Relyed b’ gnd

sequenci ng tenplglgépharose Fast Flow (Pharmacia) column (9 x 18.5 cm)

15 equ111brated in 25 mM sodium acetate, pH 4.5. The
column was run at a flow rate of 5 L/h, at 4°C. After
sample application, the column was washed with five
column volumes (~6 L) of column buffer and SCF materiél,
which was bound to the column, was eluted with a

20 gradient of 0 to 0.35 M NaCl in column buffer. Total
gradient volume was 20 L and fractions of 200 ml were
collected. The elution profile is depicted in
Figure 33, Aliquots (10 pl) from fractions collected
from the S-Sepharose column were analyzed by SDS-PAGE

25 carried out both with (Figure 32 A) and without
(Figure 32 B) reduction of the samples. From such
analyses it is apparent that virtually all of the
absorbance at 280 nm (Figures 32 and 33) is due to SCF
'materlal. '

30 The correctly oxidized form predominates in
the major absorbance peak (fractions 22-38,
Figure 33). Minor species (forms) which can be
visualized in fractions include the incorrectly oxidized
material with apparent M, of 18-20,000 on SDS-PAGE

35 (unreduced), present in the leading shoulder of the main
absorbance peak (fractlons 10-21, Flgure 32 B); and



for each reaction, 4 uL of PCR reaction product and 40 pnol of either
primer 221-12 or prinmer 235-29 in.a 35 total reaction volune of 100 uL were

subj ected to 25 cycles of PCR (1 mnute, 95[err]C 30 seconds,

55[err] G ' - 74 - 40 seconds,
72[err]C). Direct sequencing of the 22+ 188 - prinmed PCR product m xtures
(after the standard extractions and ethanol precipitation) with
32[err] -1 abelled rimer. 262-13 (Figure 12B)- yielded the 5 sequence
from 5 nuc|eotio@iauf%lqergh(lﬁe@uﬁemssoyatena R esgh ithraughni arkhe

Sequenci ng of HunggsSEEMEE (AN (Eract6ns 16, tHRydiie Sf2 Gopli ng Exon of
the Stem Cel | Factor 10 L Ecreemlu%cﬁ a hunan genom c
library with SCF ol i gormFAdnge 2p7 3B ekr % thsy "(?er%\Petaﬂs%rfgpld*'Uhes

cont ai ni ng t he. kngawe peséied, aind lttel pb6l wasli adjumtEd to pHAR A teypt was
Lhen 4oLt ech 0 KaF B SR BTt S o S iV Iy pglene,
of heat - denat ur edc puedlumn (height 8.4 cm, diameter 9 cm) equilibrated
with 50% (vol/vol) ethanol, 12.5 mM HCl (solution A) and
opérated at 4°C. The column resin was prepared by
suspending the dry resin in 80% (vol/vol) ethanol,

10 12.5 mM HCl {solution B) and then equilibrating it with
solution A. Prior to sample application, a blank
gradient from solution A to solution B (6 L total
volume) was applied and the column was then re-
equilibrated with solution A. After sample application,

15 the column was washed with 2.5 L of solution A and SCP
material, bound to the column, was eluted with a
gradient from solution A to solution B (18 L total
volume) at ‘a flow rate of 2670 ml/h. 286 fractions of
50 ml each were collected, and aliquots were analyzed by

20 absorbance at 280 nm (Figure 35), and by SDS-PAGE (25 ul
per fraction) as described above (Figure 34 A, reducing
conditions; Figure 34 B, nonreducing conditions).
Fractions 62-161, containing correctly oxidized SCF in a
highly purified state, were pooled (the relatively small =

25 amounts of incorrectly oxidized monomer with M_ of about
18-20,000 (unreduced) eluted later in the gradient
(about fractions 166-211) and disulfide-linked dimer
material also eluted later (about fractions 199-235)
(Figure 35)].

30 To remove ethanol from the pool of fractions
62-161, and to concentrate the SCF, the following
procedure utilizing Q-Sepharose Fast Flow (Pharamcia)
ion exchange resin was employed. The pool (5 L) was
diluted with water to a volume of 15.625 L, bringing the

35 ethanol concentration to about 20% (vol/vol). Then 1 M
Tris base (135 ml) was added to bring the pH to 8,



pl acental DNA (purchased from Signma) was pefforned W th DNA pol ymer ase
I (Kl enow enzyne, |arge fragnent; 20 Boehringer-Mannhei n) using a non- SCF

primer such as 228-28 or 221-11 under non-stringent (low tenperature)
conditions, such as 12[err]C, to favor primng at a very | ar ge nunber
of different sites. Each reaction was thk®? = diluted five-fold into Taq]l

DNA pol ymerase buffer 25 containing Tagl polynerase and 100 uM of each

dNTP, and el ongati opn of DNA strands wa | 'owed to_proceed.at 72[err]C
for 10 minutes. _‘b‘f%%d@f Tt fﬁf@n‘%ﬁ’r'i @i’e%’f d\fﬁs@er‘ﬂl) t°cgl‘fl”‘19a(§th(?r
first exon sequetwesl byr RCRoncdrtx giriesertee 10 mMof . MexSCE Of mMSTréserCl,

ol i gonucl eoti de h -9 n the opkLa n: rpner
(228-29 or 221-71 §u§ ("81%,&(?;52?'0)5)ewagse%dgggc%rgogﬁggés?_ébr E§E§Pe3§ﬁ%€ st of
the product s3he2® khand thesthaned Iomagmtratdosntiochbbuk 10% | onger
speci es, the :Por{%&%gél Fﬁfhrr?&%&%f‘:ﬂ@ Wa3'®hen aGR1i8APARA4BE t8 engt h

greater than 300 s cut out 35 and electrophoretlcallé elute fter
<ge

et hanol pr ecFPumn | Oh ATRERRAL RS F@ssn Alevvdh@ightns .Jerm, diameter

Géﬁm - _ Pur?fér@fsifé? P s mrhgﬁa: me@é;i@rqca,dgni 83t bH& Phis
P! | containi ngwgsn fo]l.logéc{ ebyaswaashl_i"n% of t % collumn witaa%r.r%n}..' of

column buffer. Flow rate during sample application and

10 wash was about 5.5 L/h. To elute the bound SCF, 200 mM
NaCl, 10 mM Tris—Hci, pH 8 was pumped in reverse
direction through the column at about 200 ml/h,
Fractions of about'lz.ml-were collected and analyzed by
absorbance at 280 nm, and SDS-PAGE as above. Fractions

15 16-28 were pooled (157 ml).

The pool containing SCF was then applied in
two separate chromatographic runs (78.5 ml applied for
each) to a Sephacryl S-200 HR (Pharmacia) gel filtration
column (5 x 138 cm) equilibrated with phosphate-buffered

20 saline at 4°C. Practions of about 15 ml were collected
at a flow rate of about 75 ml/h. 1In each case a major
peak of material with absorbance at 280 nm eluted in
fractions corresponding roughly to the elution volume
range of 1370 to 1635 ml. The fractions representing

25 the absorbance peaks from the two column runs were
combined into a single pool of 525 ml, containing about
2.3 g of SCF. This material was sterilized by
filtration using a Millipore Millipak 20 membrane
cartridge.

30 Alternatively, material from the C4 column can
be concentrated by ultrafiltration and the buffer
exchanged by diafiltration, prior to sterile filtration.

The isolated recombinant human SCFl-164
material is highly pure (>98% by SDS-PAGE with silver-

35 staining) and is considered to be of pharmaceutical
grade. Using the methods outlined in Example 2, it is



Col oni es were screened with a 32P-1abelled SCF 5 first exon

ol i gonucl eoti de. Several positive col onies were identified and the
sequences of the inserts were obt ai ned by the Sanger nethod. The

resul ti ng sequence, whi ch extends_ gnst reamfromthe first exon

t hrough a consensus exon-intron boundary into the neighboring 10
intron, is showmn in Figure |5B. _ H. Anplification and
Sequenci ng of Fefyrd¥hat th@ﬂaeari?@glm 4B dee,c géwl Dog 15
First strand cDNA was prepared total R \ Aerr RNA from
nonkey | i ver (mt@péggdtppgnpxpec n% )2 sfﬁsorﬂf[ h“g‘%eﬁ « Nl H 3T3

(nmouse, ATCC andClﬂaslﬂ58)arm&ndlDixiu(dlcmmcmmmcel%) The prlrrer used

in first stran sy.nt hesi s |ther t ecifi prlne 228- 28
or an SCF pri n&e%%?-ég “Tle: 23'7 ﬁ_ *2%? 3’3’(5’5%% "é:)
anplificatién the \Mettheplcoded 1227&!29 ik jorte cof addomr i rrers 227- 30 237-19
or 237-20 yielded a frag xgﬁﬁﬁi?Eya S S enced
either directly or afterggkéﬁgéaagﬁ § §?g¥ywy&4§§w P& criote ed tor

Addi tional sequawmass 684 eexpresgediin wcrrmw e4 diztlsaed

from PCR anpl i f56alen@NSn ins¥ibbidi filrmninifaeSRAe fded 1P ARSI, | N conbination
with ei ther, 254-9 .or 228-29. Addltl%émﬂ se uences at the 3' 30 end of

the SCF codi ng feEiedtdoRdr 6aBLHPa FRTPYURE LG Staks oHtEF 230-25
primed cDNAQ(i rmtglne bdategdtal speoifiy awtiditya psumdarmm (hu?aatrhe case of

g??éﬁ%%dwség prl |-4:]L.I3§(r) é%F % pr%ﬁﬁ? %%?]ﬁo%%grdfg %bt: ned |an simlar

attenpts to am®Q B édomiing Tfelding/oxidation, tends to form more
variously oxidized species, and the unwanted species are
more difficult to remove chromatographically.

15 The rat SCF%f;93 and human SCFl1™183 ;¢ prone

" to proteolytic degradation during the early stages of
recovery, i.e., solubilization and folding/oxidation. A
primary site of proteolysis is located between residues
160 and 170. The proteolysis can be minimized by

20 appropriate manipulation of conditions (e.g., SCF
concentration; varying pH; inclusion of EDTA at 2-5 mM,
or other protease inhibitors), and degraded forms to the
extent that they are present can be removed by
appropriate fractionation steps.

25 While the use of urea for solubilization, and
during folding/oxidation, as outlined, is a preferred
embodiment, other solubilizing agents such as gquanidine-
HCl1 (e.g. 6 M during solubilization and 1.25 M during
folding/oxidation) and sodium N-lauroyl sarcosine can be

30 utilized effectively. Upon removal of the agents after
folding/oxidation,_pufified SCFs, as determined by
SDS~PAGE, can be recovered with the use of appropriate
fractionation steps.

In addition, while the use of glutathione at

35 1 mM during folding/oxidation is a preferred embodiment,
other conditions can be utilized with equal or nearly



nonspeci fic primer 228-28 was used to prinme first strand

- 76 - synthesis from D17 total RNA, and the resulting conplex
product m xture was enriched for SCF-rel ated sequences by PCRwith 3
directed SCF prinmers such as 227-29 or 225-31 in conbination with
228-29. The product m xture 5 was cut ih Sfil and cloned into a
derivative of pCEMA ( Pronega, thlson W sconsin) containing an Sfi
site as. an Sfil to blunt end fragnent. The_ resulting het er ogeneous
library was Scre&g@m%weé@m&@m ! eﬂl.ese 1%%Iua@ 28¢ aQyRpek peﬁet've
cl ones were seque sequences he al i gned

n
ani no aci d s%ﬁﬁehBeEI%TQH%Gﬂ}l%h:Qﬁﬂﬁétﬁéf"enﬂﬁk@ymﬂdﬁbUtﬁﬁﬁéene and
rat SCF mature pppLsi mszam SxDIzed) Jiupathidbhe, or 4 mM glutadheokeown SCF

am no aci d sequenges QuS throu hoyt much of their
|l ength. IdenticaP*4® g @%ﬁ%*zaﬁﬁiﬁuﬁ¥q§§ﬁ3188 éeaﬁe are present in the
codi ng regi onS of-mélcapveeshanols.orT ot har mh1a¢|deagenexpehsed to be at
the am no term nus of the fpl*qéatlﬁﬂﬂy%pkﬁbn°R¥°@ﬁ@5§9¥PM$ka§Qﬁaéﬁ%ssgg S

desi gnated by the nuner al ure
cont ai ns an anblgascylhhdchot@%UIm@pQﬁﬂW;eﬁaMhnGhléﬂélheeful anbtheity in

the amno acid sgguspeeyabe CHERY Y% publ®ied active form include
hydrophobic interaction chromatography [e.g., the use of

10 phenyl-Sepharose (Pharmacia), applying the sample at
neutral pH in the presence of 1.7 M ammonium sulfate and
eluting with a gradient of decreasing ammonium sulfate];
immobilized metal affinity chromatography [e.g., the use
of chelating-Sepharose (Pharmacia) charged with cu2*

15 ion, applying the sample at near neutral pH in the
presence of 1 mM imidazole and eluting with a gradient
of increasing imidazole}; hydroxylapatite
chromatography, [applying the sample at neutral pH in
the presence of 1 mM phosphate and eluting with a

20 gradient of increasing phosphate]; and other procedures
apparent to those skilled in the art.

Other forms of human SCF, corresponding to all
or part of the opeh reading frame encoding by amino
acids 1-248 in Fiqure 42, or corresponding to the open

25 reading frame encoded by alternatively spliced mRNAs
that may exist (such as that represénted by the cDNA
sequence in Figure 44), can also be expressed in E. coli
and recovered in purified form by procedures similar to
those described in this Example, and by other procedures

30 ' apparent to those skilled in the art.

The purification and formulation of forms
including the so-called transmembrane region referred to
in Example 16 may involve the utilization of detergents,
including non-ionic detergents, and lipids, including

35 phospholipid~containing liposome structures.



human, nonkey, rat and nouse am no aci d sequences co- - align wthout any
I nsertions or deletions. The dog sequence has a single extra residue at
position 130 as 25 <conpared to the other species. Human and nonkey differ
at only one position, a conservative rﬁglacenent of val i ne (human) by
al ani ne (nonkey) at position 130. The 2 predicted SCF sequence

I mredi ately before and after the putative processing site near residue

164 is highly 30 conserved between Sﬁﬁﬁb&ﬁi
EXAMPLE 4 Expressi on of ReconDi nan &at SCF in COS-1 Cells 35
For transient expressi orR¢gomiginant QR fropoMammaldmin €edd)s vector V19. 8

(Exanpl e 3C) containing the rat T 77 -

SCF[err] and SCF [err] genes mas transfected into duplicate 60 mMm
plates [WglerAet Eermewkation of CH) fells Prpﬂ%};&!]s_sﬂig plasmid VI 9.8 SCF

I's shown ingFigure 17. As a control, the vector without insert was also

5 transfected. Tissue cu&tur super nat.ant s re harvest ed
: ecombinant inese hamster ovary (CHO) cells

(strain CHO pDSRa2 hSCFl'lsz) were grown on
microcarriers in a 20 liter perfusion culture system for
the production of human;SCFl'laz.

10 is similar to that used for the culture of BRL 3A cells,
Example 1B, except for the following: The growth medium
used for the culture of CHO cells was a mixture of
Dulbecco's Modified'Eagle Medium (DMEM) and Bam's F-=12
nutrient mixture in a 1:1?proportion {GIBCO),

The fermentor system

15 supplemented with 2 mM glutamine, nonessential amino
acids (to double the existing concentration by using
1:100 dilution of Gibco #320-1140) and 5% fetal bovine
serum. The harvest medium was identical except for the
omission of serum. The reactor was inoculated with 5.6

20 x 10% cHO cells grown in two 3-liter spinner flasks.

The cells were allowed to-grow to a concentration of

4 x 10° cells/ml. At this point 100 grams of |
presterilized cytodex-2 microcarriers (Pharmacia) were
added to the reactor as a 3-liter suspension in

25 phosphéte buffered saline. The cells were allowed to
attach and grow on the microcarriers for four days.
Growth medium was perfused through the reactor as needed
based on glucose cohsumption."The glucose concentration
was maintained at approiimately 2.0 g/L.: After four

30 days, the reactor was perfused with six volumes of
serum—frée medium to remove most of the serum (protein
concentration <50 yg/ml). The reactor was then operated
batch-wise until the glucose concentration fell below
2 g/L. From this point onward, the reactor was operated

35 at a continuous perfusion rate of approximately 20
L/day. The pH of the culture was maintained at 6.9 +



at various tinme points post-trénsfection and assayed for bi ol ogi-cal
activity. Table 4 sunmari zes the HPP-CFC bi oassay results and Table 5
sumari zes the MJ 9 3[err]-thym di ne uptake data from typical

transfection 10 experinments. Bioassay fesults of supernatants from

COS-1 cells transfected with the fol l.owgg-pl asm ds are

shown i n Tabl es

4 and 5: a Gtermnally-truncated form ‘of rat SCF with the C-term nus
at amino acid position 162 (V19.8 rat SCFK[err]), SCF[err] containing a
glutanic 15 acig. Atbypesd jusyinl t(w‘dleo frdw SGHfear r}rh@Gdli@s)o]LvSeg;F |

SCF[ err] containing an alani.n o] lthﬂ rat err
(Alal9)]. The a?ﬁ’?ﬁ%erhc‘ﬁf B ﬁég%tr thad \ééb%e 9fr dddcSadurpdR on
reactions perf(hyres:hppi.dnkmtmg mphl pucatoxygem‘ arsatneS@Elsal'@Z agHendi cat ed

in 20 Example 3n C%Mﬂéjt@s gaqgggé Valtg 38, raly %err] wer e

sequenced and two ones were ave amno

substitutions.

As can be séen in Tabl es APRrkimatehp 450 kkﬁaambpﬁaﬁErnmPES@E is active in
the bioassays ussfhiitioned Mdifuth Q§§U§éﬂefg¥33”f&%ﬂ v a%o%éaggs% L 29

and was used as starting material for the purification

30 35

of recombinant human SCF1 152.

Approximately 589 liters of serum-free
10 conditioned medium was also generated in similar fashion
but using strain CHO pDSRe2 rSCF1™162 and used as |
starting material for purification of rat scpl-162

B. Purification of Recombinant Mammalian Expressed Rat

15 scrl—162

All purification work was carried out at 4°C

unless indicated otherwise.

20 1. Concentration and Diafiltration

Conditioned medium generated by serum-free
growth of cell strain CHO pDSRe2 rat SCF1~162 54

performed in Section A above, was clarxfled by

fxltratxon thru 0.45 Sartocapsules (Sartorlus)

- 25 Several different batches (36 L, 101 L, 102 L,

200 L and

150 L) were separately subjected to concentration and -
diafiltration/buffer exchange. To illustrate, the

handling of the 36 L batch was as follows.

The filtered

condition medium was concentrated to -500 ml using a
30 Millipore Pellicon tangential flow ultrafiltration
apparatus with.three 10,000 molecular weight cutoff
cellulose acetate membrane cassettes (15 £t total
membrane area; pump rate -2,200 ml/min and filtration
rate ~-750 ml/min). Diafiltration/buffer exchange in
35 preparation for anion exchange chromatography was then:
accomplished by adding 1000 ml of 10 mM Tris-HCl, pH

N
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Tabl e 4

HPP- CFC Assay of COS-1 Supernatants | _ fromCells
Transfected with Rat SCF DNA 5 Vol ume

of
(ul)
100
0
12
>50
25
>50
3
100

10

15

20

25

30

35

Col ony |_e ' CM Assayed
#/ 200, 000 cells V19."8 (no insert)

0 50

- f8concentrating to 500 m1 O 10
6.7-6.8 to t&e concsfgfgt?ét gﬁ%fer?fr?tlng o 100
using the tangential flow ultragfiltration apparatus, apgp

repeating”®his 5 additional ti%es. The %g
concentratgd/diafiltered preparggion wag §igally SCF[ err]

recovered in2@ volume of 1000 ml. The behavior of all
conditioned medium batches subjected to the
concentration and diafiltration/buffer exchange was
similar. Protein concentrations for the batches,
determined by the method of Bradford [Anal. Bioch. 72,
248-254 (1976)] with bovine serum albumin as standard,
were in the range 70-90 ug/ml. The total volume of l
conditioned medium utilized for this preparation was
about 589 L. ' '

2. Q-Sepharose Fast Flow Anion Exchange Chromatography
The concentrated/diafiltered preparations from
each of the five conditioned medium batches referred to

above were combined (total volume 5,000 ml). pH was
adjusted to 6.75 by adding 1 M HC1. 2000 ml of 10 mM
Tris-HCl, pH 6.7 was used to bring conductivity to about
0.700 mmho. The preparation was applied_té a
Q-Sepharose Fast Flow anion exchange column (36 x 14 cm;
Pharmacia Q-Sepharose Fast Flow resin) which had been
equilibrated with the 10 mM Tris-HCl, pH 6.7 buffer.
After sample application, the column was washed with
28,700 ml of the Tris buffer. Following this washing
the column was washed with 23,000 ml of 5 mM acetic
acid/l1 mM glycine/6 M urea/20 uM CuSO, at about

pH 4.5. The column was then washed with: 10 mM Tris-HCl,
20 ym CuSO4, pH 6.7 buffer to return to neutral pH and
remove urea, and a salt gradient (0-700 mM-NaCl in the
10 mM Tris-HCl, 20 uM CuSO,, pH 6.7 buffer; 40 L total
volume) was applied. Fractions of about 430 ml were
collected at a flow rate of about 3,250 ml/h. The
chromatogram is shown in Figure 36. "“MC/9 cpm" refers
to biological activity in the MC/9 assay; 5 wl from the



(G u8l) 50 10
25

2 12
0 V19.8 rat SCF[ err] 100 41 20 .
(Al al 9) 50 _ 18 '
25 5 - 115 -, | 12
0 6 0
3 indicated EQactigﬁs was aggayed. éﬁhates collected

during the sample application and washes are not shown
in the Figure; no biological activity was detected in
these fractions.

3. Chromatography Using Silica-Bound Hydrocarbon Resin

Fractions 44-66 from the run shown in
Figure 36 were combined (11,200 ml) and EDTA was added
to a final concentration of 1 mM. This material was

10 applied at a flow rate of about 2000 ml/h to a C4 column
(Vydac Proteins C,; 7 x 8 cm) equilibrated with buffer A
(10 mM Tris pH 6.7/20% ethanol). After sample
application the.column was washed with 1000 ml of
buffer A. A linear gradient from buffer A to buffer B

15 (10 mM Tris pH 6.7/94% ethanol) (total volume 6000 ml)
was then applied, and fractions of 30-50 ml were
collected. Portions of the C, column starting sample,
runthrough pool and wash pool in addition to 0.5 ml
aliquots of the gradient fractions were dialyzed against

20 phosphate-buffered saline in preparation for biological
assay. These various fractions were assayed by the MC/9
assay (5 ul aliquots of the prepared gradient fractions;
cpm in Figure 37). SDS-PAGE [Laemmli, Nature 227,
680-685 (1970); stacking gels contained 4% (w/v)

25 acrylamide and separating gels contained 12.5% (w/v)
acrylamide] of aliquots of various fractions is shown in
Figure 38. For the gels shown, sample aliquots (100 ul)
were dried under vacuum and then redissolved using 20 yul
sample treatment buffer (reducing, i.e.,‘with

30 2-mercaptoethanol) and boiled for 5 min prior to loading
onto the gel. The numbered marks at the left of the
Figure represent migration positions of molecular weight
markers (reduced) as in Figure 6. The numbered lanes
represent the corrésponding fractions collected during

35 application of the last part of the gradient. The gels
were silver-stained (Morrissey, Anal. Bioqh.-lll, '
307-310 (1981)].



- 79 - Table 5 -
MZ/ 9] err] H Thym di ne Upt ake Assay of CCS 1 Super natants from

Cells Transfected with Rat SCF DNA Sanpl e Vol une of CM Assayed
(ul) cpm 5 v19.8(no insert) 25

1,936 12 © 116 2252

6 2,182

i’2682 v19. 48 Sca:lféﬁtlarqsie ,\%; Flow Anion Exchange Chro&!&tgégaphy

11, 482 Fracéxoq; 98-124 from the C, column9$538n in v19.8
gcggzrr](cglﬁ”)rfghre 37 were %?oled (1050 R1%20 The pool Yag alluted 12
3 1:1 with 10 mMdRpis, Pl §33. BuEERT k9| Faduse)etbanol

2,396 5 concentratlon. Jihe diluted pool was then apf19é8 to a

3,182 Q-Sepharqag f o A1 iSBFeXSHENGE HEPLYER 6352 Fed ecm,

Pharmacia Q-Sepharose Fast Flow resin) which had been
equilibratd with the 10 mM Tris-HC1l, pH 6.7 buffer.
Flow rate was 463 ml/h. After sample application the
10 column was washed with 135 ml of column buffer and
elution of bound material was carried out by washing
with 10 mM Tris-HC1l, 350 mM NaCl, pH 6.7. The flow
direction of the column was reversed in order to
minimize volume of eluted material, and 7.8 ml fractions
15 were collected during elution.

5. Sephacryl S-200 HR Gel Filtration Chromatography
Fractions containing eluted protein from the
salt wash of the Q-Sepharose Fast Flow anion exchange
20 column were pooled (31 ml). 30 ml was applied to a
Sephacryl S-200 ER (Pharmacia) gel filtration column,
(5 x 55.5 cm) equilibrated in phosphate-buffered
saline. Fractions of 6.8 ml were collected at a flow -
rate of 68 ml/hr. Fractions corresponding to the peak
25 of absorbance at 280 nm were pooled and represent the

final purified material.

30

35



20 tested individually in a human CFU-GM [ Broxneyer et al ., supra

(1977)] assay which neasures the proliferation of nor mal bone narrow
cells and the data are shown in Table 6. Results for COS-1 supernatants
fromcultures 4 days after transfection with V19.8 SCF[err] in 25
conmbi nation wth other factors are alsgishown in Tabl e 6. Col ony
nunbers are the average of triplicate cul tures. The
reconbi nant rat SCF has primarily a synergistic activity on nornal
human bone nar mawlien Isheshows GFlduGivhagsayf. thénpuhéférpedioment in Table 6,
SCF synergized wth human GW CSF, human |L-3, and human CSF-1. In
ot her assays, synergy was observed with G CSF - al so. There was sone
proliferation of human bone marrow ‘38l 194 days with rat SCF; however,
the clusters were 35 conposed of <40 cells. Simlar results wer e obtalned
wi th natural mammal | an-derived SCF.
- 80 - 5 Summary of Purification of Mammalﬁqgggépqgssed Rat scrl-162
Human CFU- GM Assay of COS-1 Supernatants . fromCells
Transfected wi fh Rat SCF DNA ,
Total
Step Volume(ml) Protein (mg)*
Conditioned medium (concentrated) 7,000 28,420
10 Q-Sepharose Fast Flow 11,200 974

C4 resin 1,050 19

Q-Sepharose Fast Flow - 31 20

Sephacryl S-200 HR . 82 19

*Determined by the method of Bradford (supra, 1976).
15 **Determined as 47.3 mg by quantitative amino acid analysis using
methodology similar to that outlined in Example 2.

The N-terminal amino acid sequence of purified
rat scrl-162 jg approximately half Gln-Glu-Ile... and
20 half PyroGlu-Glu-Ile..., as determined by the methods
outlined in Example 2. This result indicates that rat
scrl-162 j5 the product of proteolytic
processing/cleavage between the residues indicated as
numbers (-1) (Thr) and (+1) (Gln) in Figure 14C. '
25 Similarly, purified human scrl-162 from transfected CHO
cell conditioned medium (below) has N-terminal amino
- acid sequence Glu-Gly-Tle, indicating that it is the
product of processing/cleavage between residues
indicated as numbers {-1) (Thr) and (+l) (Glu) in
30 Figure 15C.

Using the above-described protocol will yleld
purified human SCF protein, either recombinant forms
expressed in CHO cells or naEurally derived.

Additional purification methods that are of

35 wutility in the purification of mammalian cell derived .
recombinant SCFs include those outlined in Examples 1



5 Sanple | : Col ony #/ 100, 000 cells

([err] SEM Sal i ne 0
GVt CSF _ 71 G CSF

24 1 IL-3 : 5 1 10
CSF- 1 - 118 - 0 SCF[ err]

0 GVt CSF + SCF[ err] . 29 6
g&g?gr:]SCF[err]and 10, and other methods appaiint1t029ho%%é?ﬁi£iéégférr]
4 0 20 the@mrt. 30

Other forms of human SCF, corresponding to all
or patt of the open reading frame encoded by amino acids
5 1-248 shown in Figure 42, or corresponding to the open

reading frame encoded by alternatively spliced mRNAs
that may exist {such.as that represented by the cDNA
sequence in Figure 44), can also be expressed in
mammalian cells and recovered in purified form by

10 procedures similar to those decribed in this Example,
and by other procedures apparent to those skilled in the
art.

C. SDS-PAGE and Glycosidase Treatments

15
SDS-PAGE of pooled fractions from the
Sephacryl S-200 HR gel filtration column is shown in
Figure 39; 2.5 ul of the pool was loaded {lane l). The
lane was silver-stained. Molecular weight markers

20 (lane 6) were as described for Figure 6. The different
migrating material above and slightly below the M,
31,000 marker position represents the biologically
active material; the apparent heterogeneity is largely
due to the heterogeneity in glycosylation.

25 To characterize the glycosylation purified
material was treated with a variety of glycosidases,

. analyzed by SDS-PAGE (reducing conditions) and
visualized by silver-staining. Results are shown in
Figure 39. Lane 2, neuraminidase. Lane ‘3,

30 neuraminidase and O-glycanase. Lane 4, neuraminidase,
O-glycanase and N-glycanase. Lane §,'neuraminidase and
N-glycanase. Lane 7, N-glycanase. Lane 8, N-glycanase
without substrate. Lane 9, O-glycanase without _
substrate. Conditions were 10 mM 3-[(3-cholamidopropyl)

35 dimethyl ammonio]-l1- propane sulfonate (CHAPS), 66.6 mM
‘2-mercaptoethanol, 0.04% (wt/vol) sodium azide,
phosphate buffered saline, for 30 min at 37°C, followed
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EXAMPLE 5 Expressi on of Reconbi nant SCF

in Chinese Hanster Ovary Cells 5 This exanple relates to a

st abl e mamual i an expression system for secretion of SCF from CHO cells
(ATCC CCL 61 selected for DHFR-). - 1¥ +Reconbi nant Rat SCF 10

The expression vector used for SCF production was V19.8 (Figure 17).

The sel ectabl e marker used to establ i sh st'able transformants was the
gene for diby dirrot uhtal ot etudradSe ofn detse rilbedniconeBsVEalt ioRisadmi d 15

PDSVE. | (Fi gur §;ldedde % £6f1 pctd iWases #EeVEaCaNgkr ugled

Neuraminidase (from Arthrobacter ureafaciens; supplied

by Calbiochem) was uséd at 0.5 units/ml final

S concentration. O-Glycanase (Genzyme; éndo-alpha-N-
acetyl galactosaminidase) was used at 7.5 milliunits/ml.
N-Glycanase (Genzyme; peptide: N-glycosidase F; peptide;
N4[N-acetyl—beta-glucosaminyl] asparagine amidase) was
used at 10 units/ml.

10 | . Where appropriate, various control incubations
were carried out. These included: incubation without
glycosidases, to verify that results were due to the
glycosidase preparations added; incubation with
glycosylated protéins (e.g. glycosylated recombinant

15 human erythropoietin) known to be substrates for the
glycosidases, to verify that the glycosidase enzymes
used were active; and incubation with glycosidases but
no substrate, to judge where the glycosidase
preparations were contributing to or obscuring the

20 wvisualized gel bands (Figure'39, lanes 8 and 9).

A number of conclusions can be drawn from the
experiments described above. The various treatments
with N-glycanase [which removes both complex and high-
mannose N-linked carbohydrate (Tarentino et al.,

. 25 Biochemistry 24, 4665-4671 (1988)], neuraminidase (which
removes sialic acid residues), and O-glycanase [which
removes certain O-linked carboh?drates (Lambin et al.,
Biochem. Soc. Trans. 12, 599-600 (1384)], suggest
that: both N-linked and O-linked carbohyﬁrates are

30 present; and sialic acid is present} with at least some
of it being part of the O-linked moieties. The fact
that treatment with N-glycanase can convert the
heterogeneous material apparent by SDS-PAGE to a faster-
migrating form which is much more homogeneous indicates

35 that all of the material represents the same
polypeptide, with the heterogeneity being caused mainly
by heterogeneity in glycosylation.



by di gestion of pDSVE by the restriction enzyne Sall and ligation to an
ol i gonucl eoti de fragnent consisting of the two oligonucl eoti des

5' TCGAC CCGGA TCCCC 3" 20 _ 3" G GCCCT AGGGG AGCT 5

Vector pDSVE is described in commonly owned U S. Ser. Nos. 025, 344 and
152, 045 hereby i ncorporat ed by r &f &¢8nCe: The vector portion of V19.8
and pDSVE. | contain long stretches of honpl ogy including a bacterial 25
Col EI origin of replication and anm(%iA4é%#e¥gstance gene and the SVv40
origin of replication. This overlap contri bute to, honol ogous
reconbi nati on during th@reparataosfmﬁrﬁadqmbknanﬂﬁsﬁF%TﬁéiﬂﬁGfaciIitating
co-transformation. 30 " Cal cium phosphate co-precipitates of V19.8
SCF constructs and pDSVE. 1 we made i n the presence or absence of
10 [err]g of carrier nmouSatDRAF s#ﬁ%- 1pur idied from g GeqPREFNHDSVE. | whi ch

had been |ineard zed W t ion 5§Stdn Cdd e SHPrE | Bas Rl g anghd 0

[errlg of Vio & sl G- sion SER T et;r}? . supra (1978)1

Col oni es were 10, s@sedrsed BEs&§2EpbRE e@%r%’s‘é]o Gt R?@%ﬁﬁﬁ%e from

- 82 - PO dol @RIdIIFiRGteaRaBkecOiba Wélow N the absence of
Methoxypolyethylene glycol-succinimidyl

succinate (18.1 mg = 3,63 umol; SS-MPEG = Sigma Chemical

10 Co. no. M3152, approximate molecular weight = 5,000) in
0.327 mL deionized water was added to 13.3 mg (0.727
umol) recombinant rat scri~164 jin 1.0 mL 138 mM sodium

. .phosphate, 62 mM NaCl, 0.62 mM sodium acetate, pH 8.0.
The resulting solution was shaken gently (100 rpm) at

15 room temperature for 30 minutes. A 1.0 mL aliquot of
the final reaction mixture (10 mg protein) was then
applied to a Pharmacia Superdex 75 gel filtration column
(1.6 x S0 cm) and eluted with 100 mM sodium phosphate,
pH 6.9, at a rate of 0.25 mL/min'at room temperature.

20 The first 10 mL of column effluent were discarded, and
1.0 mL fractions were collected thereafter. The UV
absorbance (280 nm) of the column effluent was monitored
continuously and is shown in Figure 40A. Fractions
number 25 through 27 were combined and sterilized by

25 wultrafiltration through a 0.2 u polysulfone membrane
(Gelman Sciences no. 4454), and the resulting pool was
designated PEG-25. Likewise, fractions number 28
through 32 were combined, sterilized by ultrafiltration,

“and designated PEG-32. Pooled fraction PEG-25 contained

30 3.06 mg protein and pooled fraction PEG-32 contained

© 3.55 mg protein, as calculated from A280 measurements |
using for calibration an absorbance of 0.66 for a 1.0
mg/mL solution of unmodified rat SCF17164  ynreacted
rat SCF1'164,'representing 11.8% of the total protein in

35 the reaction mixture, was eluted in fractions number 34
‘to 37. Under similar chromatographic conditions,



added hypoxant hi ne and thym di ne were picked using cloning cylinders and
expanded as i ndependent cell lines. Cell supernatants fromi ndivi dual
cell lines 5 were tested in an MJ9 [err]-thym di ne uptake assay.

Results froma typical experinent are_p? Eegted in Table 7

Table 7 10 M9 [err] H Thym di ne Upt'ake Assay of Stable CHO Cel
Supernatants From Cells Transfected Wth Rat SCF DNA

Vol ume of Condi h[ae%qned Iﬁ@nééﬁbfbﬁ“%;luted adBiig W AS ARG s ¢y

cpm V19.8 S 33,7926 1

12 a 34tgpglon volume of 45.6 mL, Figure 40B. Fracgions

30, 657 number 77 to 80 in Figure 40A contained 14 714

ééi hy%roxysucc%glmxde, a bngfoduct of the rngﬁ;gn of

6 5 -rat88@Fl -164 4ith SS-MPEG. 3
gzgonb|nant Human PotE§t1%%£ reaﬁéﬁﬁﬁ:amLQﬁ«g (53521%g§a | so °

achi eved usi ng SCF ﬁé4exppég§eoh2vkxﬁxnerﬂﬁiﬁ@wﬂs]ahthhﬂwal@hdeamnmhed in
30 commonly owng ? rof'\k@he591t8%n§éi e#’ld\#laiu esezgreéll%% neP]poli%Eiﬁby

I ncor porated by rence. This vector or t
sel ection and aﬁﬁ?FﬁP@&tP@ﬁ éP ePpRRined 9.3 mol of reactive amino

10 groups per mol of protein, as determined by
spectroscopic titration with trinitrobenzene sulfonic
acid (TNBS) using the method described by Habeeb, Anal.
Biochem. 14:328-336 (1966). Likewise, pooled fraction
PEG-32 contained 10.4 mol and unmodified rat Scrl-164

15 contained 13.7 mol qf reactive amino groups per mol of
protein, respectively. Thus, an average of 3.3 (13.7
minus 10.4) amino groups of rat scrl=164 ;p pooled
fraction PEG-32 were modified by reaction with
SS~-MPEG. Similarly, an average of 4.4 amino groups of

20 rat Scrl~164 i, pooled fraction PEG-25 were modified.
Human SCF (hSCFl'154) produced as in Example 10 was also
modified using the procedures noted above.
Specifically, 714 mg (38.5 umol) hscFl~164 yere reacted
with 962.5 mg (192.5 umol) SS-MPEG in 75 mL of 0.1 M

25 sodium phosphate buffer, pH 8.0 for 30 minutes at room
temperature. The reaction mixture was applied to a
Sephacryl S-200HR column (5 x 134 cm) and eluted with
PBS (Gibco Dulbecco's phosphate-buffered saline without
CaClz and MgClz) at a rate of 102 mL/hr, and 14.3-mL

30 fractions were collected. Fractions no. 39-53,
analogous to the PEG-25 pool described above and in
Figure 40A, were pooled and found to contain a total of
354 mg of protein. In vivo activity of this modified
SCF in primates is presented in Example 8C.

35



based on expression of the DHFR gene. The clone pDSR err] 2 SCF was
generated by a two step process. The V19.8 SCF 35 was digested with the
restriction enzyme BanmH and the SCF insert was ligated into the BanH
site of pCGEM. - 83 - DNA from
pGEMB SCF was digested with HindllI anq gall and ligated into
pDSR[ err]2 digested with Hindl Il and~ %24S3l . The same process was
repeated for hunman genes encoding a COOHterm nus at the amno acid
positions 5 162, 164 and 183 of thezfﬁﬁgfﬁmfashomn in Figure 15C and
position 248 of the sequences shown in Figure 42. Est abl i shed cel
| i nes were chal | engedS@Ft RegephorrExpression [ghilAukenie Whasfks i n
Enzynol ogy, 151 85-104 (-1987)] at 10 nMto increase expression. |levels
of the DHFR gene and 10 _the adjacent SCF gene. Expression |evels of
r ecombi nant human SCReRkeBigshhgees b‘i/e‘?%\cfﬁﬁ"rﬁﬁfpﬁéi aé‘é’é’il,tré% in
Exanpl e 7, gndheeipRevati Bnoel 66! @nyaf Démdtuinth iah miidgd linedipe Ng human
peri pher al blofd | eucocyt E. Th&? assa% IS . '<P§{f ned .as described in
Exanpl e 9 (Tab éuiﬁTléxceg e 88l {R P he PPREE Y %S q%ﬁ?se?f?‘ﬁ’ﬁ% of
bone narrom1andentrifbgatmoubanaoadher@m¢éodeg&hmﬁomxmbﬂnman]SCE%G err],
and 5% N err] LR, r : U.d) Jﬁﬁﬁﬂt' from
typi cal experiH%ﬁtéogﬁéggﬁgmﬁggﬁggég%eggmﬁ%ﬁgﬁggéﬁébl H Jex 7.

The cells were incubated with different concentrations

10 of iodinated SCF as described [Broudy, Blood, 75
1622-1626 (1990)]. The results of the receptor binding

experiment are shown in Figure 41. The receptor density

- estimated is approximately 70,000 receptors/cell.

15 . ' EXAMPLE 14 -
Rat SCF Activity on Early Lymphoid Precursors

The ability of recombinant rat Scrl=164

(rrSCFl'154), to act synergistically with IL-7 to

20 enhance lymphoid cell proliferation was studied in agar
cultures of mouse bone marrow. In this assay, the
colonies formed with rrSCF1™164 alone contained
monocytes, neutrophils, and blast cells, while the
colonies stimulated by IL-7 alone or in combination with

25 rrscrl~164 contained primarily pre-B cells. Pre-B
cells, characterized as B220%F, sig™, cut, were
identified by FACS analysis of pooled cells using
fluorescence-labeled antibodies to the B220 antigen
{Coffman, Immunol. Rev., 69, 5 (1982)] and to surface Ig

30 (FITC-goat anti-K, Southern Biotecbnology Assoc.,
Birmingham, AL); and by analysis of cytospin slides for

cytoplasmic u expression using fluorescence-labeled
antibodies (TRITC-goat anti-u, Southern Biotechnology
Assoc., ). Recombinant human IL-7 (rhIL-7) was obtained
35 from Biosource International (Westlake Village, CA).
When rrSCFl'l64 was added in combination with the pre-B



cl one expressing human SCF1 164 has been deposited on 20 Septenber 25,

1990 wth ATCC (CRL 10557) and desi gnat ed

35
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15

20

25

30

35

- 84 -
- 123 -

Hul 64SCF17.

25

cell growth factor IL-7, a synergistié increase in

colony formation was observed (Table 16), indicating a
stimulatory role of rescrl164 op early B cell

progenitors.

Table 16. Stimulation of Pre-B Cell Colony Formation by

r:rSCI-‘l"164 in Combination with hIL-7

Growth Factors

Colony Number?l

Saline
rrs¢rl=164 290
100
50
rhIL-7 200
100
50
25
rhIL-7 200 ng +
100 ng +
50 ng +
25 ng +

ng

ng

ng

ng

ng

ng

ng

rrScFi~164  2q¢
200
200
200

0

13

7

4

21

18

13

4

ng 60
ng 48
ng 24

H+ K

+ +H H  H H H H+ K
-
o

N

ng 21

0 ONOR N BN

1 Number of colonies per 5 x 104
marrow cells plated.

mouse bone

Each value is the mean of triplicate dishes

30



Tabl e 8 hPBL Col ony Assay of Conditioned

Media From Stable CHO Cell Lines 5 Transfected Wth Hunan
SCF DNA Medi a Nunber of
Transfected DNA assayed(ul) =~ 124 €olonies/10[err] 10 pDSRa2
hSCF[err] 50 53

25 45 . 12.5

27 6. 2XAMPLE 15, 13 15 pDSRa2
hSCF[ err] 10 1dentificati

5 a4 on of thd Receptor fogiégg

31 1.25 17

0. 625 A. c21ifOisNohe Ké+&peontficd )scrli=164 50

4 EXAMPLE 6 Expr essi on of
Reconbi nant %KF in E. coli 25 A Reconbin%pt Rat SCF

To test whether SCF is the ligand for
c-kit, the cDNA for the entire murine c-kit {Qiu et al. .r
EMBO J., 7, 1003-1011 (1988)] was ampllfled using PCR
from the scrl—164 responsive mast cell line MC/9 [Nabel

10 et al., Nature, 291, 332-334 (1981)] with primers
designed from the published sequence. The ligand
binding and transmembrane domains of human c-kit,
encoded by amino acids 1-549 [Yarden et al., EMBO J., 6,
3341-3351 (1987)]), were cloned using similar technique;

15 from the human erythroleukemia cell line, HEL [Martin
and Papayannopoulou, Science, 216, 1233-1235 (1982)].
The c-kit cDNAs were inserted into the mammalian
expression Qgctor V19.8 transfected into COS-1 cells,
and membrane fractions prepared for binding assays using

20 either rat or human 1251-gcpl-164 according to the
‘methods described in Sections B and C below. Table 17
shows the data from a typical binding assay. There was
no detectable specific binding of 1251 human scrl-164 to
COS-1 cells transfected with V19.8 alone. However,

25 CO0s-1 cells.expressing human recombinant c-kit ligand
binding plus transmembrane domains (hckit-LT1) did bind
1257-nscrl~164 (Table 17). The addition of a 200 fold
molar excess of unlabelled hﬁman scrl=164 reguced
binding to background levels. Similariy,‘cos-l cells

30 transfected with the full length murine c-kit (mcklt L1l)
bound rat 1251 scrl=164, A ‘small amount of rat
1257_gcpl-164 binding was detected in COS-1 cells
transfectants with V19.8 alone, and has also been
observed in untransfected cells (not shown), indicating

35 that COS-1 cells express endogenous c-kit. This finding
is in accord with the broad cellular distribution of




This exanple relates to expression in E. coli of SCF pol ypeptides by

nmeans of a DNA sequence encodi ng [Met [err]] rat SCF[err] (Figure 14C).
Al t hough any - 30 suitable vector nay be enployed for protein expression
using this DNA, the plasm d chosen was ?£§Nn156 (Figure 19). This

pl asm d can be readily constructed - m pCFM 836 (see U.S. Patent No.

4,710,473 hereby I ncorporated by reference) by destroying the two 35

endogenous Ndel _r. ri.ctian.sit,es epdsf{iLhihhglowt . _.polLynerase
enzynmne foIIomedcb$§%lS%PrggaiFﬁgagg%ﬁ andE éé#. Qing% simiP8r Yy to
- 85 - subotht bumag end muxine Dsrk sbquentbe beumarn! #Az-gargudsé

G al and Kpnl rgshil Ghikfn 19WeeSavttithe L1 i gO ti shown -
below. 5 5 %EET%‘ TTCTAGAAGGAG’E%%T?%«C%A%%% irzgmc 3
3'  TAACTAAGATERTECHELRTAFTCPATASERAY TELHT AN THREF n o' SCF ntro
of protein expresssgRridctieiRGFiBinbeR! 358tdess Rat bycpEabBdof g, o
synt hetic | anbda P&err pnonnt%r which is 10 itself under the gontroF of a
t enper at ur e senBFpid£eration of human bone marrow with a specific
activity similar to that of human SCF1“154, while human
scrl-184 jpduced proliferation of murine mast cells
occurs with a specific activity 800 f£o0ld less than the
10 rat protein.
In summary, these findings confirm that the
phenotypic abnormalities expressed by W or S1 mutant
- mice are-the consequences of. primary defects in c-kit
receptor/ligand interactions which are critical for the

15§ development of diverse cell types.

Table 17. SCFI~164 pinding to Recombinant c-kit
Expressed in CO0S-1 Cells.

20
CPM Bound?
Plasmid Human SCFl-164 Rat scFl-164
Transfected  1291-SCF® 1257 sCreco1d® 1251-scrd 1257 gcricoiq®
25 V19.8 72,160 2,150 1,100 550 -
' V19.8:hckit-LT1 59,350 2,380 70,000 1,100

V19.8:mckit-L1 9,500 1,100 52,700 600 .

30 @ The average of duplicate measurements fs shown; the experiment
has been independently performed with similar results three times.
b 1.6 nM human 1251-scFl-164
1.6 nM human *251-scF1-164 4 320 nM unlabelled human scFl-164
4 1.6 M rat 1251.scFl-164
© 35 ©1.6nMrat 1251-5cF1-164 4+ 320 oM unlabelled rat scrl-164



| anbda Cl 857 repressor gene [such as is provided in E. coli strains FMb
(ATCC deposit #53911) or Kil2[err]Hrp]. The- pCFML156 vector is
constructed so as to have a DNA sequence containing an optim zed

ri bosome binding site 15 and initiation codon imediately 3' of the
pronoter. A unique Ndebzgeestriction site, which

contains the ATG initiation codon, precedes a nulti- restriction site
cloning cluster followed by a | anbda t- oop-transcrlptlon st op sequence.
20 PBasnRdcyhbiBaSCre-R OB Bxpressiony im&€Qstl CellsTF1 193 gene
cloned from PCR anplified cDNA (Figure 14C) as described in Exanple 3

synthetic PL

was di gested w

I n order to provide aHNBaN| ARG BEF bRe ot

th

Bglll and Sstll and a 603 éig;frégngggélsolated
éd% VS t 5 codons

for the first th&?@véﬁ1ﬂ@lﬁ@'ﬂCReﬁééﬂﬁﬁq&éifISalkl(Eﬂlaﬁﬂuisdiﬁnég t he rat

SCF pol ypept i de,
TATGCAGGA 3

gene fragnent
Ndel and Ss

onuc]| eotJ

338, 4B 1" (19805 B3R Cediak B TESTaed oy AR 1dnd
Bgl - sticky engnewas/ehderofdbm erataction giiguriurdedidibmeayhsky £HE[ err]

re

phch

lfeéﬂgg & Qo ehlgai niggiiig}mﬁfégkfﬁ1¢gEthH%roduct

of this reactlohumananrexpreésubnmpaa691h 1w &ﬂyqamnanéﬂ SO =er 1]
respectively. Unique sequence oligonucleotides were
designed from the published human and murine c-kit

10

15

20

25

30

35

sequences. First strand cDNA was synthesized from the

total

RNA according to the protocol provided with the

enzyme, Mo-MLV reverse transcription (Bethesda Research

Laboratories, Bethesda, MD), using c-kit antisense

oligonucleotides as primers. Amplification of

overlapping regions of the c-kit ligand binding and

tyrosine kinase domains was accomplished using

appropriate pairs of c-kit primers. These regions were
cloned into the mammalian expression vector V19.8
(Figure 17) for'expression in COS-1 cells. DNA

sequencing of several clones revealed independent

mutations, presumably arising during PCR amplification,

in every clone. A clone free of these mutations was

constructed by reassembly of mutation-free restriction

fragments from separate clones. Some differences from
the published sequence appeared in all or in about half
of the clones;-these were concluded to be the actual

sequences present in the cell lines used, and may

represent allelic differences from the published

sequences. The following plasmids were constructed in

V19.8:

v19.8

V19.8:mckit-LTl, the entire murine c-kit; and
:hckit-L1l, containing the ligand binding plus

transmembrane region (amino acids 1-549) of human c-kit.

essen

The plasmids were transfected into COS-1 cells
tially as described in Example 4.



- 86 - The pCFML156 rat SCF[err] plasm d was

transforned into conpetent FMb E. coli host cells. Sel ection for

pl asm d-contai ning cells was on the basis of the antibiotic (kananycin)
resi stance marker gene 5 carried on the pCFML156-vector. Plasm d DNA was

I solated fromcultured cells and the BNA2gegquence of the synt hetic

ol i gonucl eotide and its junction to the rat SCF gene confirmed by DNA
sequenci ng. 12 Tq_gggstr_uc'g the plasm d pCFML156 rat SCF1 162 10
encodi ng the [ M&t-[ér r‘:ﬂl]'stfé’t [ Birfipol Yypecp@Sdl, Call £chipressing Sstl |
restriction frageEdmpyaadtsy-atied from V19. 8 rat SCF[err] and inserted
by ligation into the plasmd pCFM rat SCF [err] at the unique EcoR and
Sst | restriction sites thereby replacing the coding region 15 for the

carboxyl termnus of the rmio 3@lysgePCer transfection, T&&%IPC&%]FI@
pl asm ds pCFML156 rat SCE1 164. an ML156 Ea,t SCF1 165_encodi ng the

. pCFML15
[Met[err] ra wer§Cl§[cé:raﬂedar¥(§°ﬁN§P?[‘gf$T] yagh rRES pARD S 5eRen
respectively, EcoRiltms@st| Afitest thaving, ftheneells wase Zedssbaiqul fipm
PCR anplified Isind ddie 3’ AN e SCF ge designed to
i ntroduce site irgtg‘tcg'?ﬁg' c @i\iggg gﬂe{%ecﬁ%ﬁr}\w%elgﬂ'@gi%%e'ncodi ng the
car boxyl t eAfi0nug /B8 BPSOSERigen?S WRhYmIDeupepitini,c 2t ngAmlver e
per formed using tgltiiggméq{dequ)bd@%m' -.2933,@ #-19 . i.n the
constructi on of pg ML156, rat SCF1 104 jéﬁ&%?c;lﬂ- ar%gf:é’%igjq ¥%he
construct i of%f GIEPRFESS By PiPetsgngppjand dowrs 5 R ridraubabesh BCF 30

ice for 15 minutes, and the cells were homogenized with
15-20 strokes of a Dounce homogenizer. Sucrose (250mM)
.was added to the.homogenate, and the nuclear fraction
and residual undisrupted cells were pelleted by
- 15 centrifugation at 500 x g for 5 min. The supernatant

was centrifuged at 25,000 g for 30 min; at 4°C to pellet
the remaining cellular debris. Human and rat scri—164
were radioiodinated using chloramine-T [Hunter and

_ Greenwood, Nature, 194, 495-496 (1962)]. COS-1 membrane

20 fractions were incubated with either human or rat
1257 _gcpl-164 (1L.6nM) with or without a 200 fold molar
excess of unlabelled Scri~—164 i, binding buffer
consisting of RPMI supplemented with 1% bovine serum
albumin and 50 mM HEPES (pH 7.4) for 1 h at 22°C. At

25 the conclusion of the binding incubation, the membrane
preparations were Qently layered onto 150 ul of
phthalate oil and centrifuged for 20 minutes in a
Beckman Microfuge 11 to separate membrane bound
1257_5cr1-164 from free 1251-gcpl-164, The pellets were

30 clipped off and membrane associated 1251-gcpl-164 was
quantitated. '

35



This exanple relates to the expression in E. coli of human SCF

pol ypepti de by nmeans of a DNA sequence encoding (Met [err]] human SCF1
164 and [Met-[err]] * human SCF[err] (Figure 15C). Plasm d V19.8 hunan
35 SCF[err] containing the human SCF[err] gene was used as tenpl ate
for PCR anplification of the human SCF &&8er .

- 87 A igonucl eoti-de priners 227-29 and 237-19 were used to

generate the PCR DNA whi ch was then diges h Pst | and Sstl|
restriction endonucl eases. In order togfkééﬁ%si%e a Met initiation codon
and restore the codons 5 fonslatfiohsbff audBumanngcacegnpaesi dues (A u, 4y,
I'le, Cys) of the human SCF pol ypeptide, a synthetic ol i gonucl eoti de
| i nker 5. TATGGAAGGTATCTGCA 3" 10 3
ACCTTCCATAG A. 5Construchion ¢fletharET%080 seONX\Libmiarywvas nmade. The
smal | olgo linker and the PCR derived -human SCF gene fragnent

were inserted by ligation into the expression plasmd 15 pCEML156 (as
described previously) at TRBainRBkevagieisolateq £ o human dfibrosdmeqrasni d

shown in Figurecd®1 line HT-1080 (ATCC CCL 121) by the acid guanidinium

thiocyanate-phenol-chloroform extraction method
(Chomczynski et al., Anal. Biqghem. 162, 156 (1987)],

10 and poly(AR) -RNA was recovered by using oligo(dT) spin
column purchased from Clontech. Double-stranded cDNA
was prepared from 2 ug poly(A) RNA with a BRL (Bethesda
Research Laboratory) ¢DNA synthesis kit under the
conditions recommended by the supplier. Approximately

15 100ng of column fractionated double-stranded cDNA with
an average size of 2kb was ligated to 300ng SalI/NotI
digested vector pSPORT 1 [D'Alessio et al., Focus, 12,
47-50 (1990)] and transformed into DHSa (BRL, Bethesda,
MD) cells by electroporation [Dower et al., Nucl. Acids

20 Res., 16, 6127-6145 (1988)].

B. Screening of the cDNA Library

Approximately 2.2 x 103 primary transformants
25 were divided into 44 pools with each containing ~5000
individual clones. Plasmid DNA was prepared from each
pool by the CTAB-DNA precipitation..method as described
[Del sal et al., Biotechniques,iz, 514-519 (1%89)]. Two
micrograms of each plasmid DNA pool was digested with

30 restriction enzyme NotI and separated by gel
electrophoresis. Linearized DNA was transferred onto
GeneScreen Plus membrane (DuPont) and hybridized with
32p-jabeled PCR generated human SCF cDNA (Example 3)
under conditions previously described [Lin et al., Proc.
35 Natl. Acad. Sci. USA, 82, 7580-7584 (1985)]. Three
'pools containing positive signal were identified from




The pCFML156 human SCF[err] plasm d was transfornmed into conpet ent FMb

E. coli host cells. Selection for plasmd containing cells was on the
basis 20 of the antibiotic (kanamycin) resistance marker gene carried:
on the pCFML156 vector. Plasnmid DNA was29 -isolated fromcultured cells
and the DNA sequence of the human SCF gene confirnmed by DNA sequenci ng.

To construct the plasm d pCFML156 human 25 SCF1 183 encoding the [ Met
[err]] human SCIHEermybridiz(alﬁigure Ts€seppbypepofdeclanikeoRvere Hindl ||

restriction ; ) n SCF
gene was i sol at edgérom %E%Iélpctgirfé;%o%Fg ?BQZ%E%??@;H%Q%%?% F‘HYg Sstl to
EcoR restricti®h 3k agrieghe ddboditly29 (@ 863k watidrai wlRgbe €@doRMNan SCF
gene was isol atggls obtiméa pﬁlamlﬂe'i@nh BoBN . SOrher ebwaagpzédeot aggegeH ndl I |

DNA fragnent WeRESH| G0 : %"?a‘éfgween e EorAASE hunan SO or 1]
pl asni d whi ch Wméstheﬁtfﬁh éﬂzyﬂéaﬁmgéstmbnsFHBdEnucDémth®5t56@uéﬁce After
8 S ouektef R AT R e, S0 ERR b B RF Photine by
DNA sequencing.tﬁheep@EQmamnan!sﬂﬂnﬁecaﬂ fl@skddang 21- 7a). They both
contain the coding region and approximately 200bp of S
10 untranslated region (5'UTR). The third clone (26-la) is
roughly 400bp shorter at the 5' end than the other two
clones. The sequence of this human SCF cDNA is shown in
Figure 42, Of particular note is the hydrophobic
transmembrane domain sequence starting in the region of
15 amino acids 186-190 and ending at amino acid 212.

C. Construction of pDSRe2 hscrl=248

pDSRa2 hSCF1'24§ was generated using plasmids
20 10-la (as described in Example 16B) and pGEM3 hscrl-164
as follows: The HindIII insert from pGEM3 hscFl—164 yag
transferred to M13mpl8. The nucleotides immediately
upstream of the ATG initiation codon were changed by
site directed mutagenesis from tttccttATG to
25 gccgecgccATG using the antisense oligonucleotide
5'-TCT TCT TCA TGG CGG CGG CAA GCT T 3°
and the oligonucleotide~directed in vitro
mutagene51s system kit and protocols from Amersham Corp.
to generate Ml3mpls8 hscrKl~164, ghis DNA was digested
30 with HindIII and inserted into pDSRa2 which had been
digested with HindIII. This clone is designated pDSRa2
nscFX1-164 pNA from pDSRa2 hSCFEKL-164 yas digested .
with Xbal and the DNA made blunt ended by the addition
of Klenow enzyme and four dNTPs. Following termination
35 of this reaction the DNA was further digested with the
enzyme SpeI. Clone 10-la was digested with Dral to



a derivative of pCEM3 that contains an EcoRl - Sphl fragment that
i ncl udes nucl eotides 609 to 820 of the 5 human SCF cDNA sequence shown in

Figure 15C. The EcoRI - Sphl insert in this plasm d was isolated froma
PCR that used oligonucleotide priners 235-31 and 241-6 (figure 12B) and
PCR 22.7 (Figure 13B) as tenplate. The sequence of prinmer 241-6 was
based on the human genom ¢ 10 sequence the 3' side of the exon _
cont ai ni ng the codon for am no aC|& ?7 C. Fernentation of E
coli produci ng Human SCF1 164 15 Fernmentations for the
production of Ldnhdrd&d a bl @nd@3"i 8 QUHe idpekd delalddin fezrr@al@t QS thd N9
an FMb E. coli K12 host, containing the plasmd pCFM I156 human

SCFlerr]. Seed B?%RKs #1d t%‘e‘l’brstﬁﬁ}cl"ﬁgcéhqu}rse%rt@ sameqisdits Wadhdm -80 C

in 17% gl ycer ol the ¢¢ﬁeeudwhﬁﬂh ﬁﬁsaaEOhSCF5éUﬂéﬁlahadmotuam, tR@skerr] ! of

t he thawed see nsferred to 500 a brothina?2lL
erl enneyer flaggﬁé dwﬁg?gah %%eerdr’]at@%e er 3(5"[°e "Er(?rife PP%#&? - shaker
(250 RPM. 5 hscrk Fof the production of E. coli cell paste used 25
as starting material for the purification of human SCF[err] 164
outlined in this exanple, the follow ng fernmentation conditions were
used. D. Traesferkinmand imnuacpreciadsaition pf COSt ceddserred to
alé L fernentq&l@pnﬁggﬁuzuhgtﬁﬁhﬂﬁ4ﬁabgh 30 nedium (see Table 9). The

cul ture was grown in batch node until the OD-600 of the culture was
approxi matel y 3.5. At this tine, a sterile feed (Feed 1, Table 10)

was introduged into the fEoSENt(ATACIORL 4 65%Y) Hedllls were tRWABEfeete@nt ol

the feed rate. J?@hfﬁﬁg E&iSe Mited as described above. 4x106 cells in
0.8 ml DMEM + 5% FBS were electroporated at 1600 V with
either 10 ug pDSRa2 hSCFK1-248 pNa or 10 ug pDSRa2
vector DNA (vector control). Following electroporation,
15 cells were replated into two 60-mm dishes. After
24 hrs, the medium was replaced with fresh Cdmpiete
medium.
72 hrs after transfection, each dish was
labelled with 35S-medium according to a modification of
20 the -protocol of Yarden et al. (PNAS 87, 2569-2573,
1990). Cells were washed once with PBS and then
incubated with methionine-free, cysteine-free DMEM
(met~cys DMEM) for 30 min. The medium Qas'removed and
1 ml met™cys” .DMEM containing 100 pCi/ml Tran33s-Label
25 (ICN) was added to each dish. Cells were incubated at
37°C for 8 hr. The medium was harvested, clarified
by centrifugation to remove cell debris and frozen at
-20°C.
Aliquots of labelled conditioned medium of
30 COS/pDSRa2 hscFK1=248 apg COS/pDSRa2 vector control were
immunoprecipitated along with medium samples of
.35s-1abelled CHO/pDSRa2 hSCF1~164 clone 17 cells (see
Example 5) according to a modification of the protocol
of Yarden et al. (EMBO, J., 6, 3341-3351, 1987). One ml
35 of each sample of conditioned medium was treated with 10
ul of pre-immune rabbit serum (#1379 P.I.). Samples



35 increased exponentially with tinme to give a gromh rate of 0.15 hr
1. The tenperature was controlled at 30[err]C .

- 89 - during the growth phase. The di ssol ved oxygen concentration
in the fermentor was automatically controlled at 50% saturation using
air flowrate, agitation rate, vessel back pressure and oxygen 5

suppl enentation for control. The pH of tAL Fernentor was automatically
controlled at 7.0 using phosphoric aC|d and anmoni um hydr oxi de. At an

D600 1 oy ooPBERE REGLI A (305 B ochetian Pagge ol dhs, oy erersall o

was i nduced by increasin erne 0 tenper
same time the aeélﬁléﬂ*oﬁuspen$¥§njQﬁ\ﬁgzgﬂxﬂgggggggjadnauxkﬁkamsonﬁlfﬁed 2

(Table 11) vasbsbantAd) aln 20 8 & Haci00 74 'l 7 A@ﬁease L

hours after the ten&gratgre of ferment’or was

fermentor contehlfst WI‘I’%%I i@% to mach fubey clSanylesCRfare| was
approxi mat el g lncﬁBaBEdCIbt.aﬂTEﬁdxﬂﬂodxﬂ|dHe‘ME&£'§¥’$‘E‘”¥Hﬁ?¥
one hour. The

centr1fugat 100 Lefy oSk I AT f LA on ac U500 o
preferred nethofiokob pioducSuperndtadBy ergrde transtexinéd afo tried ha w@s hod
described above,gX¥CeREubQEed Pith 5 w1 rabbit polyclonal antiserum
(#1381 TB4), purified as in Example 11, against CHO
10 derived hscrl=162 overnight at 4°C. 100 yl Pansorbin
was added for 1 h. and immune complexes were pelleted as
before. Pellets were washed 1lx with lysis buffer (0.5%
Na-deoxycholate, .0.5% .NP-40, SOmM NaCl, 25 mM Tris
pH 8), 3x with wash buffer (0.5 M NaCl, 20 mM Tris
1S pH 7.5, 0.2% Triton X-100), and 1lx with 20 mM Tris
PH 7.5. Pellets were resuspended in S0 pl 10 mM Tris
PH 7.5, 0.1% SDS, 0.1 M g-mercaptoethanol. SCF protein
was eluted by boiling for 5 min. Samples were
centrifuged at 13,000 x g for 5 min. and supernatants
20 were recovered.
Treatment with glycosidases was accomplished
as follows: three microliters of 75 mM CHAPS containing
1.6 mU O-glycanase, 0.5 U N-glycanase, and 0.02 U
neuraminidase was added to 25 ul of immune complex
25 samples and incubated for 3 hr. at 37°C. An equal
volume of 2xPAGE sample buffer was added and samples
were boiled for 3 min. Digested and undigested samples
- were electrophoresed on a 15% SDS-polyacrylamide
reducing gel overnight at 8 mA. The gel was fixed in
30 methanol-acetic acid, treated with Enlightening enhancer
(NEN) for 30 min., dried, and exposed to Kodak XAR-S
£ilm at -70°. _
Figure 43 shows the autoradiograph of the
results. Lanes 1 and 2 are samples from control
35 COS/pDSRa2 cultures, lanes 3 and 4 from
COS/pSRa2hSCFX1"248, 1anes 5 and 6 from CHO/pDSRa2



foll owi ng nodifications. 1) The addition of Feed 1 is not

initiated until the OD-600 of the culture reaches 5-6. 25 2)
The rate of addition of Feed 1 is i ncreased nore slowy, resulting in a
sl ower growth rate (approxi mately 0.08). 3) The culture

I's induced at OD- 600 of 20. - 1324L Feed 2 is introduced into the

fermentor at 30 a rate of 300 ni/hr. Al'l other operations are
simlar to the method descri bed above, including the nedia.

Using this procegerlyteRds phnS&CFiprs] and SO UnMEIgRISE - Hihre OD- L at
CD=25 have beenpggggbggates' lanes 254y @nf 6 have been digested with
C0nposition of BaychnkBdsuas deScrieedtalode aciThe positions of the
10[err] o/l mof%gﬁgg? weight markers are shown on the aeft.

S Processing of the SCF in COS transfected with pDSRa2
hscFK1-248 ojosely resembles that of hscrpl-164 secreted
from CHO transfected with pDSRa2 hSCF1°154,

(Example 11). This strongly suggests that the natural
proteolytic processing site releasing SCF from the cell

10 is in the vicinity of amino acid 164.

EXAMPLE 17
Quaternary Structure Analysis of Human SCF.

15 Upon calibration of the gel filtration column
(ACA 54) described in Example 1 for purification of SCF
from BRL ceil medium with molecular weight standards,
and upon elution of purified SCF from other calibrated
gel filtration columns, it is evident that SCF purified

20 from BRL cell medium behaves with an apparent molecular
weight of approximately 70,000-90,000 relative to the
molecular weight standards. 1In contrast, the apparent
molecular weight by SDS-PAGE is approximately 28,000-
35,000. While it is recognized that glycosylated

25 proteins may behave anomalously in such analyses, the
results suggest that the BRL-derived rat SCF may exist
as non-covalently associated dimer under non-denaturing
conditions. Similar results apply for recombinant SCF
forms (e.g. rat and human SCF1"164 derived from E. coli,

30 rat and human SCF1~162 gderived from CEHO cells) in that
the molecular size estimated by gel filtration under
non-denaturing conditions is roughly twice that
estimated by gel filtration under denaturing condxtlons
(i.e., presence of SDS), or by SDS-PAGE, in each

35 -part1cular case. Furthermore sedimentation velocity-
analysis, which provides an accurate determination of



Klerr]HPJ err] ' 3.5 KH err] PJ err]

4 Merr]SO[err] .7H err]0 1 10 Nad

0. 625 Dow P-2000 antifoam 5m/8 L Vitam n
sol uti onb 2 m./L. - Trace netals solution[err]

2 nb/L 15 [err]Unless otherwi se noted, all ingredients are listed-as
g/ L. bTrace Metal s sol ution: Féé@ﬁérr}-GH[err]Cz 27 g/L; ZnCerr]

Herr]0, 2g/L; CaCl[err].6Herr]O 2 g/L; hb[err]hb%%gr;};ﬁ Herr]0, 2 g/L,
orr] Vit am n B RGhlds bedat, 1n"8BTG0LGR “GLLES o iR OF abryt 6.4 g1
niacin, 6 g/L; 3®m00dofioremolegudar; weighpiof i B, CoDbE-dgetivedlic acid, 0.04
g/L. 25 Y;combinant human SCF1~164, ¢This value is again

approximately twice that seen by SDS-PAGE (-18,000-

'S 19,000). Therefore, while it is recognized that there

may be multiple oligomeric states (including the

monomeric state), it appears that the dimeric state

predominates under some circumstances in solution.

10 - EXAMPLE 18
Isolation of Human SCF cDNA Clones
from the 5637 Cell Line

A. Construction of the 5637 cDNA Library

15

Total RNA was isolated from human bladder

carcinoma cell line 5637 (ATCC HTB-9) by the acid
guanidinium thiocyanate-phenol-chloroform extraction -
method [Chomczynski et al., Anal. Biochem, 162, 156

20 (1987)}, and poly(A) RNA was recovered by using an
0ligo(dT) spin column purchased from Clontech. Double-
stranded cDNA was prepared from 2 ug poly(A) RNA with a
BRL cDNA synthesis kit under the conditions recommended .
by the supplier. Approximately 80 ng of column

25 fractionated double-stranded cDNA with an average size

of 2 kb was ligated to 300 ng SalI/NotI digested vector

PSPORT 1 [D'Alessio et al., Focus, 12, 47-50 (1990)] and.

transformed into DHSa cells by electroporation [Dower

et al., Nucl. Acids Res., 16, 6127-6145 (1988)].

30
B. Screening of the cDNA Library

Approximately 1.5 x 103 primary tranformants

were divided into 30 pools with each containing
35 approximately 5000 individual clones. Plasmid DNA was
prepared from each pool by the CTAB-DNA precipitation



35 - 91 -

TABLE 10 Conposition of Feed Medi um 5 Yeast
extract 50a d ucose

450 MgSO err]*7H err] 0 ' 8.6 Trace netals

sol uti onb 10 nL/L ~ %ftanmin solution[err]

10 nL/L 10 [err]Unl ess otherw se noted, all ingredients are |listed as
o/ L.

R 48 e PRl B BT b O el 1 ()

ZnCl[err].4 1

Herr]0, 2 g/1514-51CuS®@897)): 5 Temiarogragsgp; eashc @l@satisd DNAL, 100

m /L.

10

15

20

25

30

'35

pool was digested with restriction enzyme NotI and
separated by gel electrophoresis. Linearized DNA was
transferred to GeneScreen Plus membrane  (DuPont) and
hybridized with 32p-labeled full length human SCF cDNA
isolated from HT1080 cell line (Example 16) under the
conditions previously described {Lin et al., Proc. Natl.
Acad. Sci. USA, 82, 7580-7584 (1985)]. Seven pools
containing positive signal were identified from the

hybridization. The pools of colonies were rescreened
with 32p-labeled PCR generated human SCF cDNA

(Example 3) by the colony hybridization procedure

[Lin et al., Gene, 44, 201-209 (1986)] until a single
colony was obtained from four of the pools. The insert
sizes of four isolated clones are approximately

5.3 kb. Restriction enzyme digestions and nucleotide
sequence analysis of -the 5'-ends of the clones indicate
that the four clones are identical. The sequence of
this human cDNA is shown in Figure 44. The cDNA of
Figure 44 codes for a polypeptide in which amino acids
149-177 of the sequences in Figure 42 are replaced by a
single Gly residue.

EXAMPLE 19
SCF Enhancement of Surviwval
After Lethal Irradiation.

A. SCF in vivo activity on Survival Aftetr Lethal

Irradiation.

The effect of SCF on survival of mice after
lethal irradiation was tested. Mice used were 10 to 12
week-0ld female Balb/c. Groups of 5 mice were used in
all experiments and the mice were matched for body
weight within each experiment. Mice were irradiated at



[err]Vitam n solution: riboflavin, 0.42 g/l; pantothenic acid, 5.4 g/L;
niacin, 6 g/L; pyridoxine, 1.4 g/L; 20 biotin, 0.06 g/L; folic acid, 0.04
o/ L. 25 30 35 :

- 135 -

850 rad or 950 rad in a single dose. Mice were injected
with factors alone or factors plus normal Balb/c bone
marrow cells. 'In the first case, mice were injected
intravenously 24 hrs. after irradiation with rat PEG-

5 scri-164 (20 ug/kg), purified from E. coli and modified
by the addition of polyethylene glycol'as in'Example 12,
or with saline for control animals. For the transplant
model, mice were injected i.v. with various cell doses
of normal Balb/c bone marrow 4 hours after

10 irradiation. Treatment with rat PEG-SCF1™164 yas
performed by adding 200 ug/kg of rat PEG-SCFl"ls4 to the
cell suspension 1 hour prior to injection and given as a
single i.v. injection of factor plus cells.

After irradiation at 850 rads, mice were

15 injected with rat PEG-SCF1'164 or saline. The results
are shown in Figure 45. 1Injection of rat PEG-Scrl~164
significantly enhanced the survival time of mice
compared to control animals (P<0.0001). Mice injected
with saline survived an average of 7.7 days, while rat

20 PEG-SCFL1™164 treated mice survived an average of 9.4

| days (Figure 45). The results presented in Figure 45
represent the compilation of. 4 separate experiments with
30 mice in each treatment group. '

The increased survival of mice treated with
25 rat PEG-Scpl-164 suggests an effect of SCF on the bone
marrow cells of the irradiated animals. Preliminary
" studies of-the hematological-parameters of these animals
show slight increases in platelet levels compared to |
control animals at 5 days post irradiation, however at 7

30 days post irradiation the platelet levels are not
significantly different to control animals. No
differences in RBC or WBC levels or bone marrow
cellularity have been detected.

35



- 92 - TABLE 11
Conposition of Feed Medium 2 5 Tryptone

172[ err] Yeast extract _ 86 G ucose
258 aAll ingredients are listed as_g/L. 10
EXAMPLE 7 | mmunoassays } Det ection of SCF

Rad|0|nnunoassay (RIA) procedures applied for 15 quantitative detection of

SCF i n sanpl es were_conduct ed accordi ng t .0l l.ow. cedures.
An SCF preparatfon Rengle HEchte i 91 was

I ncubat ed together with anti serum for two hours at 37[err]C. After the
two hour incubation, 20 t o] 125[ err]
was added, and the tu e%éﬁengr%ee]idn%%ﬁltu\ggbgt B&Ffe&rai g#g{e ﬁgast 20

h. Each assay tmdereencelhedtsansplanted dntonadsat néﬁadlatﬁdxegréso
consisting of 50, ée 54! Lgéc@é'yé@dmar&ae%@re% of6an@ﬁ\als (ggem abt125[err]

(3.8 x 10[err] cpni err [erT épéras¥ B Eerr 1 of SCF
standard, with mmmﬁte ( pRBeERiaRe oS QtsAFFA laﬁ"?% vPAE Eadum
al bumi n, 0. 9290 J§£8 001 ¥h 180t r dhiAMta dode) offabRngenprt b6 study the
effects of rat PEG-SCF1~164 on survival. At this cell
dose it was expected that a large percentage of mice not
10 receiving SCF would not survive; if rat PEG-SCF1~164
could stimulate the transplanted cells there might be an
increase in survival. As shown in Figure 46,
approximately 30% of control mice survived past 8 days
post irradiation. Treatment with rat PEG-SCF1~164
15 resulted in a dramatic increase of survival with greater
than 95% of these mice surviving out to at least 30 days
(Figure 46). The results presented in Figure 46
represent the compilation of results from 4 separate
experiments representing 20 mice in both the control and
20 rat PEG-SCF1~164 treated mice. At higher doses of
irradiation, treatment of mice with rat PEG-SCF1~164 ip
conjunction with marrow transplant also resulted in
increaséd survival (Figure 47). Control mice irradiated
at 950 rads and transplanted with 10% of a femur were
25 dead by day 8, while approximately 40% of mice treated
with rat PEG-SCF1~164 survived 20 days or longer. 20%
of control mice transplanted with 20% of a femur
survived past 20 days while 80% of rSCF treated animals
survived (Figure 47). '
30
EXAMPLE 20
Production of Monoclonal Antibodies Against SCF

8-week old female BALB/c mice {(Charles River,
35 Wilmington, MA) were injected subcutaneously with 20 ug
of human SCF1~164 expressed from E. coli in complete



remai ni ng volunme. The antiserum was the second test bl eed of a rabbit
I'mmuni zed with a 50% pure preparation 30 of natural SCF from BRL 3A

conditioned nedium The final antiserumdilution in the assay was

1: 2000. The anti body-bound 125[err] was precipitated by
the addition of 150 [err]| Staph A (Cal Bi3@chem). After a 1h

I ncubation at roomtenperature, the sanples were 35 . centrifuged and the
pell ets were washed twice with 0.75 m 10 rmM Tri-s-HCL pH 8. 2,

contai ni ng 0. 15Ffaacd's adjuvant (H37-Ra; Difco Laboratoriesg3 - 2 mvi

EDTA, and 0. 05%d¢i408, *#190. Bbssveshginpelz&tSons opPese cPUWE e€hin a
gamma counter to determne t ound Count s bound

by tubes Iackln@a%%rﬁﬁFlge“méFeggﬁ%W?%EY%dF??%ﬂ$5%Ia%%ﬁ%f“%aYﬁEE to correct
for 5 nonspecuimbsaqeenplyaadmhnlétéy@dO@m dhysi 34shdvandns7. Fhgewee 20.

Th t b t f L hdj I | ed
standard 1's Hosdsrepansshe A8 Eapt EhiSLEthn, 2 DAPEYCGELRYSIEE: FRCRA o
20B, when the anditnhahe ppéeepi calbsl Pesé¢diel bl ety aspn2ad0 byy SDSNRAGE and

10 autoradiogr%g@% aEFSrégggeE51tPéQﬁFéébéﬁ%@E'&escrLSQ@p@§eﬁow1th figure

20B, lane 1 is err
i mune- pr eci pi cat edil 125[ EiEPlegyndd edl 1%§th1%792] 100, and 200 ng of SCF

st andard, respectivel ¥nheedeh clidedeto PYcdDL Ncbheudecs£asg 2o and
10 hybridoma was Dulbecco's Modified Eagle's Medium (DMEM),
(Gibco, Chagrin Falls, Ohio) supplemented with 20% heat
inactivated fetal bovine serum (Phibro Chem., Fort Lee,
NJ), 110 mg/ml sodium.pyruvate, 100 U/ml penicillin and
100 mcg/ml streptomycxn (Gibco). After cell fusion
15 hybrids were selected in HAT medium, the above medium
containing 10 —4y hypoxanthine, 4x10 ~Ty aminopterin and
1.6x107°oM thymidine, for two weeks, then cultured in
media containing hypoxanthine and thymidine for two
weeks. '
20 Hybridomas were screened as follows:
| Polystyrene wells (Costar, Cambridge, MA) were
sensitized with 0.25 ug of human scrl~164 (E. coli) in
50 pl of 50 mM bicarbonate buffer pH 9.2 for two hours
at room temperature, then overnight at 4°C. Plates were
25 then blocked with 5% BSA in PBS for 30 minutes at room
" temperature, then incubated with hybridoma culture
supernatant for one hour at 37°C. The solution was
decanted and the bound antibodies incubated with a 1:500
dilution of Goat-anti-mouse IgG conjugated with Horse
30 Radish Peroxidase (Boehringer Mannheim Biochemicals,
Indianapolis, IN) for one hour at 37°C. The plates were
washed with wash solution (KPL, Gaithersburg, MD) then
developed with mixture of H,0, and ABTS (KPL).
Colorimetry was conducted at 405 nm.
35 Hybridoma cell cultures secreting antibody
specific for human scrl-164 (E coli) were tested by



15 anti body-precipitable cpmobserved in the R A tubes and decrease in

the i nmune-precipitated 125[err] protein band (m grating at
approximately M 31,000) the pol ycl onal antisera recogni zes the SCF
standard which was purified as in Example 1. 20 Western
procedures were also applied to detect 138 ~reconbi nant SCF expressed in E.
coli, COS-1, and CHO cells. Partially purified E. coli expressed rat
SCF[err] (Exanple 1-0), COS-1 cell _expressed rat SCF1 162 and SCF[err]

‘as wel | as hunBRISEF[ 8aRE 2EXBYPFELOM2 FF RN N9 RiRCEder 82r | £8€Xpressed rat
SFF[EVV]h(EX&UEk@sé}eaﬁtivﬂ@%éssﬂgiEﬁﬁ@ﬂ $¢Ft ¢¥¥EHOGF?|H9Bgﬂ§omaf

el ectrophoresi s, r i n. bands . we ransferred.to rm
nitrocelIuIoseWE§Fn§u§c§P8?%agyT}éﬂéBf?@ éé}ﬁﬁ%ﬂ%ﬁ@%&hOd' Gg@ V%$&§ RE The
ni trocel | ul osenfbkiabmavetupebhacknd 88sted dtioaqlPBSos ptii¥ebtochnmainni ng
10% goat sepu 1-agll d-by.a 1 r t Engubat | with a
1:2%0 diIut%ogggf eit e?gsaggié?prgiﬁ%uggg%rgﬁﬁﬁéﬁéyégeasgguﬁbkgﬁnunization
descri bed abovspFlTHé anfCEROdY - anti serum conpl exes were visualized

usi ng horseradi sh 35 peroxi dase-conjugated goat anti-rabbit |gG reagents.

(Vector |aboratories) and 4-chl oro-I-napthol col or devel opnment reagent.
- 94 - Several hybridoma cells have been cloned as follows:

10 Monoclone IgG Isotype Reactivity to human SCFl‘lsz {CHO) .

4G12-13 1961 No
6C9A 1961 No
8H7A Ig61 . Yes

15 Hybridomas 4G12-13 and 8H7A were deposited with the ATCC
on September 26, 1990.

20 * * *

While the present invention has been described
in terms of preferred embodiments, it is understood that
variations and modifications will occur to those skilled

25 in the art. Therefore, it is intended that the appended
claims cover all such equivalent variations which come
within the scope of the -invention as claimed.

The features disclosed in the foregoing

30 description, in the following claims and/or in the
accompanying drawings may, both separately and in

any combination thereof, be material.for realising

the invention in diverse forms thereof.

35



Exanpl es of two Western anal yses are presented in Figures 21 and 22. In

Figure 21, lanes 3 and 5 are 200 [err]l of COCS-1 cell produced human
SCF1 162; lanes 1 and 7 are 200 [err]l of COS-1 cell produced human EPO
(C0CS-1 5 cells transfected with V19.8 EPO); and lane 8 is prest ai ned

nol ecul ar wei ght markers. Lane%EE- 6“$r§5“ i ncubated with pre-inmune -

serum and | anes 5-8 were in i mune serum The i mrune serum
specifically recogni zes a diffuse band with an apparent 10 M of 30, 000
daltons from COS-1 cells produci ng human SCF[err] but not from CCS-1

[ duci h ) ) N - 22,
Cones ' and "OESoETY cpeg geppeseg i R ARTRE S blRe TaRRSY T
SCF[err] prodecedumher, Cel(557,ah6s12-bhdag deposhbed WBhATHC on
aggl uti ni N30 3EPtemBLEF ig?'?@_l%‘rlnﬁﬁﬁér MEHG5eed BATA was Qfgjf_m[sgrt@h witignes 4

and 9 are wheat ger 21 ag utinin- agarose purif] egﬁ COS 'l produced
rat SCF[ er AECY QRed® Septemhar 1§99, wndgfe AumberHBgh? 9-r1ivﬂ-9a§af"8§e purified
CHO celdepesadudecditRtATNC-bnld2; 0@tebdrang80 ufder anintigred82Qunahecul ar

b e rmune. SGerRNERe s W3pgR Eed il oorand 1 ngllt fubBr

SCF[err] *0883s 1 and 7) migrates with an apparent Merr] of -24,000
dal t ons while the COS-1 cell produced rat SCFerr] (lanes 2 and 25 8)
mgrates with an apparent M of 24-36,000 daltons. This difference in
nmol ecul ar weights is expected since mammal i an cells, but not bacteria,
are capabl e of gl ycosyl ation. Transfection of the sequence encodi ng

rat SCF[err] into COS-1 (lanes 4 and 9), or CHO cells 30 (lanes 5 and 10),
results in expression of SCF with a | ower average nol ecul ar wei ght than
t hat produced by transfection with SCF[err] (lanes 2 and 8).

The expression products of rat SCF1 162 from



COS-1 and CHO cells are a series of bands ranging in 35 apparent M between
24- 36, 000 daltons. The het erogeneity of the expressed SCF is |likely due
to - 95 - carbohydrate—variants,

where the SCF pol ypeptide is g|yCOSﬁ %ted to differ
In summary, Western anal yses indicate t I mune lmuﬂmﬁnlﬁﬂutumﬂ;
uced

I mmuni zed with natural 5 nmamualian SCF recogni ze reconbi rfant SEF pr

in E. coli,cfBmMd and CHO cells but fail to recognize any ~bands in
a control sanple consisting of COS-1 cell produced EPO In further
support of the specificity of the SCF antiserum preinmune serum from

the sanme rabbit 10 failed tQ raaabn%ahuaanpioéaerf?ﬁ f%s@&ﬁ%

expr essi on produc
In Vivo Activit an“ﬁ@éBnﬁWﬁgﬂta§€ﬁ iﬁque“c%‘s?%fl%iﬁn*¥VEﬁ#E;%%é¥bMP

Transpl anati ®n of that of naturally-occurring stem cell factor to allow
possession of a hematopoietic bioclogical activity of
naturally occurring stem cell factor.

2. A purified polypeptide comprising
10 naturally-occurring stem cell factor.

3. A 'polypeptide according to Claim 1 or 2
wherein said polypeptide is the product of procaryotic
or eukaryotic expression of an exogenous DNA sequence.

15
4. A polypeptide according to Claim 3
wherein said polypeptide is the product of CHO cell
expression.
20 5. A polypeptide according to Claim 3
wherein the exogenous DNA sequence is a cDNA sequence.
6. A polypeptide according to Claim 1 or 2
wherein said stem cell factor is human stem cell factor.
25
7. A polypeptide according to Claim 3
wherein the exogenous DNA sequence is a genomic DNA
sequence.
30 8. A polypeptide according to Claim 3

wherein the exogenous DNA sequence is carried on an
autonomously replicating DNA plasmid or viral vector.
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COS-1 cells were transfected with V19.8 SCF[err] in a large scale
experinment (T175 cnferr] flasks 20 instead of 60 nm di shes) as descri bed
in Exampl e 4. Approxi mately 270 m of supernatant was harvested. This

super nat ant vvaﬂ"mlmﬂm on wheat germ aggl uti ni n-agar ose and
S- Sephar ose es ﬂﬁuﬂq described in Exanple 1. The reconbi nant SCF
was 25 evaluattd Gnta Bone nmarrow trangppantati on nodel based on .
murine WWerr] genetics. The WWerr] nouse has a stem cell def ect
whi ch anong ot her -features results in a macrocytic anem a (large red

cells) and allows for the g9, Arpw&yﬂeymhabiaacatdbﬁgetBHCIQﬁmflon1nornal

animals 30 wt e o] on_of the I ent ani mal s
[ Russel , et al. ng%le%%gga §gﬁt é4£g]!r314%fatth € 2862 %’] ac s IVERFe dBfor stem
cel l's outgrow t human stemecel lefactimiasntsetefbsthf inr Figmpiam ation.

In the follow n e 0 0 ds35 d_m ce.
Bone narrom/masghgésggggg ﬁ@ ube 45)6% @Haggﬁoﬁgnfgeénﬁdg??%%%gf%nted into
WWerr] nice. 9Reurring allellc vat1ant thereof. - 96 - bl ood

profile of the recipient animals is followed at different tines post
transpl antati on and engra e donor marrow i s determ ned by

the shift of the perlgheraé Qﬂ%ﬁﬁfpééBPsaFFﬂﬁ§+%%|Eﬁé%kakm)¥kﬁkﬁ¢h

has an in vivo biological activity of naturally-
occurring stem cell factor. .
10
11. A polypeptide according to Claim 1 which
has an in vitro biological activity of naturally-
occurring stem cell factor.

15 12. A polypeptide according to Claim 1 or 2
further characterized by being covalently associated
with a detectable label substance.

13. An isolated DNA sequence for use in
20 securing expression in a procaryotic or eukaryotic host
cell of a polypeptide product having an'amino acid
sequence sufficiently duplicative of that of naturally-
occurring stem cell factor to allow possession of a
hematopoietic biological activity of naturally occurring
25 stem cell factor, said DNA sequence selected from among:
(a) DNA sequences set out in Figure 14B,
Figure 14C, Figure 15B, Figure 15C, Figqure 42,
Figure 44, or their complementary strands;
{b) DNA sequences which hybridizé to the DNA
30 sequences defined in (a) or fragments thereof; and
(c) DNA sequences which, but for the
degeneracy of the genetic code, would hybridize to the
DNA sequences.defined in (a) and (b).

35



5 phenotype. The conversion fromrecipient to donor phenotype is
detected by nonitoring the forward scatter profi | e~ {FASCAN,——Becton——
Di ckenson) of the red bl ood cells. The profile for t I

ani mal was conpared to that for both donor and reci amﬂ"m;mﬂiml :
transpl.anted control animals at each tine point. The * C@ s '
made utilizing a conputer program basedl4l -on Kol nobgor ov- Sm rnov
statistics for the anal ysis of hi stogranms from fl ow systens [ Young, J.
Hi st ochem and Cytochem, 25, 935-941 (1977)]. An independent 15

qual i tative indicator of khgraktprdraiyetine dremdiasyaric hastpeceaddt ect ed by
hemogl obin el f%fg&@@é@ﬁé& & thtnsfect &P a BN0Gddiiibe Yeraidd! -

and Cell. Biol., 9, . -798-808 (1989)]..and agrees well wth the goodness
of fit det e¥%i Gb2 iBnl? r bin KRR AALGH o he fasd icedtl %P

Approxi mat el y Jexpd@iersdi€cpdsypesidd Frgduny .ed wi t hout SCF treat nent

(control group in Figure 23) from C56BL/ 6J donors into WWerr]
reci pi ents. second group received 3 x 10[err] donor cells which had
been treated with’ SCF1L% 600 (paol Ypegit i @rnddddoro2(ha rexpressijcect ed

together 25 (preztre d i £ . _ it SCE J s

defined as the é%%nﬁ&hlsc{!n@%gcs%l és:c?l;gﬁnal%'f%) n;aignéé&arﬁﬁ%ulozﬂi on in the
MC/ 9 bi oassay) .ewkhanyohiedhesbugell. the recipient mice were injected
sub- cut aneously (sub-Q wi th approxi mately 400 U SCF/ day for 3 days

after 30 transplantation of 3 x 10[err] donor cells (Sub-Q inject gr oup
in Figure 28 . As indicat®8i Ak irpiatrd ONA saqpence sedingfiadd groups
the donor marroyebsacpgtdét ol ddcdBfotic HI¥Y dxprides iwi lofataed control -

group. By 29 days, post-:. transpl antation,  .the re-treated gr.oup had
converted 35 togﬂ%gﬂ?pbﬁgﬁo?ﬁﬁle’?gﬂsa%_ celél]lﬁ%g:er“gc[eef"’tf%acmn%ly
useful ness of SilEplheatjpyei of bomet nef matunaddgplcnmuatting stem cell

' factor to allow possession of a hematopoietic biological

15 activity of naturally-occurring stem cell factor.
17. A cDNA sequence according to Claim 16.

18. A genomic DNA sequence according to
20 Claim 186.

19. A DNA sequence according to Claim 16
wherein said DNA sequence codes for human stem cell

factor.
25 _
20. A DNA sequence according to Claim 19 and
including one or more codons preferred for expression in
E. coli cells.
30 21. A DNA sequence according to Claim 16

having the sequence set out in Figure 15B, Figure 15C,
Figure 42 or Figure 44.

22. A DNA sequence according to Claim 16 and
35 including one or more codons preferred for expression in
‘yeast cells.



- 97 - B. In vivo activity of Rat SCF in Steel Mce

Mut ati ons at the S1 | ocus cause deficiencies I n hemat opoi etic cells,
pi gnment cells, and germ 5 cells. The hematopoietic mmﬂumllmﬂlmmt as
reduced nunbers of red blood cells [Russell, In:/4lik&

Regul ati on of Hematopoiesis, Vol. |, B54%*%75 -Appl et on- "Ceflt ufy-trafts,

New York (1970)], neutrophils [ Ruscetti, Proc. Soc. Exp. Biol. Md.,

o8], mogaxaryonyi oo T2 ¥ phia R3Lanch abBYERhy 8861800006 o
killer cells [(®@eakenthynasspaigtiedswith ajdeteotapleslabelandbetsncesl | s-

[ Hayashi, Dev. Biol., 109, 234 (1985)]. Steel mce are poor recipients
of a 15 bone marrow transplant due to a reduced ability to support stem
cel'ls [Bannernman, Prog. I-&‘rat &t DNAgsegyence cpddng) for TacpgiHpeptddei ng SCF

is deleted iy fefdment dSHilpePride analog of natuPh®ey-8kefrPifyl de a
sensitive in vivo node}e]dzg#&rr SCF activity. Different reconbi nant "SCF
' €

prot ei ns wet o £ el -Dickie (S1/Sl[err]) nmice for varying
| engths of tine. Six to ten week old Steel mce (WCB6F1-S1/Si[err])

were purchased from Jackspd Labsus sequence as in Claim 24 coding for

methionyl stem cell factor.

10
26. A biologically functional plasmid or
viral DNA vector including a DNA sequence according to
‘Claim 16.
15 27. A procaryotic or eukaryotic host cell

stably transformed or transfected with a DNA vector
~according to Claim 26.

28. A polypeptide product of the expression
20 in a procaryotic or eukaryotic host cell of a DNA
sequence according to Claim 16.

29. A polypeptide having part or all of the
amino acid sequence as 'set forth in Figure 15C,
25 Figure 42 or Figure 44 and having one or more of the
in vitro biological activities of naturally-occurring
stem cell factor.

30. A polypeptide having part or all of the
30 secondary conformation of naturally-occurring stem cell
factor and having part or all of the amino acid sequence
set forth in Figure 15C, Figure 42, or Figure 44 and
having a biological property of naturally-occurring
human stem cell factor.
35
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Bar Harbor, ME. Peripheral blood was nonitored by a 25 SYSMVEX F- 800

m crocell counter (Baxter, Irvine, CA) for red cells henD I n,

pl atel ets. For enuneration of peri pheral mhlt ulﬂ ﬂ"

nunbers, a Coul ter Channel yzer 256 (Cbulter a GA)
was used. 30 In the expgriment in Flgure 24, %ﬁeel "Di cki e
mce were treated with E. coli derived éaF 1- 164 purlfled as in
Exanpl e 10, at a dose of 100 [err]g/kg/day . for 30 days, then at a dose

of 30 [err]g/kg/day for ay, a addkbbonshr 20nsaysodddieidf L1 St ¥@Scell
fornmulated in 35 injectable saline (Abbott Labs, North Chicago, IL)

+0. 1% fet al bofarE e qARPTHPENER] ecti ons were
- 98 - per.f or med d@ddmn@ubauaaae@wstablé'hmtperememkdb&p@xds, was

nonitored via tail bleeds of 8? % Ek E indicated tines in

Fi gure 24. The BAKYRFIRS TAT EHBFYOT1C ﬁ?% SGFJE)Dﬁ'AtE%%ﬁ F§T i AYyes and

di spensed i g 0 tdfanEfeeyed] «EIBﬁAaerﬁAo&ugerduin@stoé BElaimend), awdtbury,

). anere 1s asignifl canls GehgChkgf 0 O{;J@gﬁ%f@%%a&@ GE @nl D the

treated animals rel ati ve he "con on cessairl on
treat nent, the expretssalaarecbfarﬂ%%queﬂgeﬁ ip sabdiveetal. state of

_ 32. A composition comprising a purified and
10 isolated human stem cell factor free of association with
any human protein in glycosylated or nonglycosylated
form.

33. A pharmaceutical composition comprising

15 an effective amount of a polypeptide according to

Claim 1 and a pharmaceut1cally-acceptable dlluent,

adjuvant or carrier.

34. A method for treatment of leucopenia in a

20 mammal compriéing administering a therapeutically

effective amount of the polypeptide according to

Claim 1.

35. A method for treatment of
25 throﬁbocytopenia in a mammal comprising administering a
therapeutically effective amount of the polypeptide
according to Claim 1.

36. A method for treating anemia in a mammal
30 comprising administering a therapeutically effective
‘amount of the polypeptide according to Claim 1.

37. A method for enpancing engraftment of
bone marrow during-transplantation in.a mammal

35 comprising administering a therapeutically effective
amount of the polypeptide according to Claim 1.
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10 macrocytic anem a. In the experinment shown in Figure 25

and 26, St ﬂmmuﬂr ' re treated wth different r econbi nant
forns of SCF asl m”imr but at a dose of 100 [err]g/kg/day for
20 days. Two forms®oft 13 Es cel | deriveggyqg at SCF, SCF1 164 and SCF[err],

wer e produced as described in Exanple 10.  In addition, E. coli SCF1
164, nodified by the addition of pol yet hyl ene glycol (SCF[err] PEQ®5)
as in Exanple 12, waggal sa meshed. o€HenHantvag SEhkemak rigwoduced as in

20 Exanple 5 an urifie i e l al s . ested. The

animal s were bfgﬁgﬁfrgaﬁgig%eﬁgﬁgﬁgrgkmf?éia%@8§96Egﬁﬂlsagfegréyringes and

di spensed i nt ocEBmAtherapeunddcedndubed. b¥he parrpweaplabliiaodrprofiles after

20 days of € oW chNcEhaYE 8245 Lt l's

(VD) and 7 qui¥e3RsHepspaion plich bRt Sedoek he thly Pakiedeudh

SCFlerr] PEEB25thesapestdcadduneffiectivei doses29of shemecald sBsdiane

I ncreases in neut rophil s, nonocytes, |ynphocytes, and pl atel ets.

The nmost dramatic effect _i.s see ith SCF[err] .PEG 25. 30 An

i ndependent measur ement 3P'Iygpﬂgggfﬁque“LguﬁégfggmggraFQoaBéﬂfﬁiﬁ%ﬁ and

the data i s shhwmannstem Eedlr €a28or Thelautedefeqni yhkegkroap human CD4, or

mar ker of T helger.cgtla, les L3T4 [ D al ynas, J. Immunol ., 131, 2445
cois i ngf

(1983)]. LyT-27T8S as 35 agiigen on cytotoxic T cells [Ledbetter, J.

Exp. Med.,10 153, 1503a)198ex]l1vehen| cail &Hactdoidi @sdagai nst t hese
' b) stem cell factor wherein one or more

cysteines are replaced by alanine or serine.

40.. A polypeptide product of the expression
15 1in a procaryotic or eukaryotic host cell of a DNA
sequence according to Claim 39.

41. A pharmaceutical composition comprising
recombinant stem cell factor having the human amino écid
20 sequence, and a pharmaceutically acceptable diluent,
adjuvant or carrier.

42. An antibody specifically binding stem
cell factor.
25 '
43. An antibody as in Claim 42 wherein said
antibody is a monoclonal antibody. | '

_ 44. A process for the efficient recovery of
30 stem cell factor from SCF containing material, the
method comprising the step of subjecting the SCF
cohtaining material to ion exchange chromatographic
separation. '

35
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- 99 - antigens were used to evaluate T cell subsets in the
treated ani nal s. Whol e bl ood was st ai ned fOT “T-tynphoeyte—

subsets as follows. Two hundred mcroliters of whole
fromindividual animals into EDTA treated tubes. m ﬁmpd
was |ysed with sterile deionized wa% 5 for 60 secon an L

f

I sotonic with | OX Dul becco's Phosphate ered Saline (PBS) (G bco,
Grand Island, NY). This lysed blood was 10 washed 2 tines with 1X PBS
(G bco, Grand I sl and, NY) t 1%4F Vi r
(Fl ow Labor at ory, NtLgan VAU? an g Oa%gﬁ)l\sﬁo?ia%maﬁ“dg}h%é&% sg%ds%'

bl ood was deposPkEH2REECChEARALESTARM DEaparation éﬁu@ﬂépndﬁﬁﬂﬂ?ﬂgﬂj
centrifuged. TheheghgtggkhgﬁléSSeﬁgiggfgdn ng 2-10 x 10[err] cells) was
resuspended wth mcroliters of Rat anti-Muse L3T4 conjugated with
phycoerythrin (PE) (Becton Di cki nson, Mountain View, CA) and 20
mcroliters 8f Rat anti-Migse A prdgﬁséZaGOHmugahed wigt ifulclthierrescei n

| sot hi ocyanat e o] utes (Becton

Di cki nson) . Folggmpngggﬁgu H |%%éé}ﬁé (%Weg%ﬁengmg;Eéauld 2 tinmes in 1X
PBS supplenentedhagmahdgcapbdcaﬁkﬁ&nﬂtlon Each sanpl e of bl ood was then
anal yzed on a FACScan - cell analysis system (Becton Di ckinson, Muntain
View, 25 CA). This systemwas standardi zed using, standard

aut oconpensat i on procedur 83+ andi REAGE5HS ﬁ@rBééeseF%ééﬂeﬁt recpvekiynodén,

Mountain Vi ge, €Akm F.anefdat@rlnebncenc&dc@rntalmaesahubemmcr%ﬁ%e in both

hel per T cell poggkgalgggpgfsxng t Alségi ¢ tgh éggtlngekkenunbers

containing material to reverse phase liquid

e of

chromatographic separation.

15 48. A polypeptide having the hematopoietic
biological activity of naturally océurring stem cell
factor, said polypeptide having an amino acid sequence
set forth in Figure 15C, Figure 42 or Figure 44 or any
allelic variants, derivatives, deletion analogs,

20 substitution analogs, or addition analogs thereof, and
characterized by being the product of procaryotic or
eucaryotic expression of an exogenous DNA sequence.

49. A polypeptide as in Claim 48 selected
25 from the group consisting of: '
scrl-148, gcopl-162 gopl-164 scrl-165
scF1~183 (pigure 15C); scFl™183, gcpl=188, gcpl-189  ,pq
scFl-248 (pigure 42); and scrl=157, gcpl-160 gcpl-161
and scF1~220 (pigure 44). ’
30
50. A biologically active composition
comprising the polypeptide of Claim 1 covalently
attached to a water-soluble polymér.

35



30 C. Invivo activity of SCF in prinmates Human SCF

1- 164 expres (Exanpl e 6B) and purified to honpbgeneity as
in 35 Exanpl jmm, mnlﬂg'lm“l in vivo biological activity i n nor mal
primates. Adult rfal é b&bodns* (Papio SR ha4g -

- 100 - were studied in three groups: untreated, n=3; SCF 100
ug/ kg/ day, n=6; and SCF 30 ug/kg/day, n=6. The treated aninals

received single dally SUbSBIanﬁoéémpOSLtfbﬁﬁﬁs(HHSGﬂhﬁﬁjgo Jﬂé¥5h§p§§iaﬁn5
wer e obt ai ned frog1 £ é En ert#etan1ne restr% peci mens for
conpl ete bl ood B8 )ﬁ‘f‘e‘rt‘sﬁﬁﬁ S{ET?? Bt BRE HF B cansisting Rt were
obt ai ned on daysolyethylédne1§1y&61 aoxi éﬁpaﬁymerstaﬁapuhyﬁthylene glycol

Al'l animals suryiye I a r.eactions to SCF

t herapy. The V\% geg%}‘ggrgég}gﬁg 9 g%g dalr{;lac)r%agge%%\iyﬂfeﬁr 1%0 ug/ kg treated
animals as 5 depubstiltuhedi gorsubstiguedigt @nenteingd wddinmtan alkybt ai ned

manual Iy from Wight G ensa stained peripheral bl ood snears, is also
indicated in Figure 29. There o

52. The composition of Claim 50 wherein the
polypeptide is (Met™1] scrpl=164,
10 ' '
53. The composition of Claim 50 wherein'said
polymer has an average molecular weight of about 1,000
to 100,000 daltons.

15 S4. The composition of Claim S0 wherein said
polymer has an average molecular weight of about 4,000
to 40,000 daltons. '

55. The composition of Claim 50 wherein said
20 polymer is an unsubstituted polyethylene glycol or a
monomethoxy polyethylene glycol.

56. The composition of Claim 50 wherein said
polymer is attached to said polypeptide via reaction
25 with an active ester of a carboxylic acid or carbonate
derivative of said polymer.

57. The composition of Claim 50 wherein one
or mofe amino groups of said protein are ‘conjugated to
30 said polymer by reaction with a N-hydroxysuccinimide,
p-nitrophenol or l-hydroxy-2-nitro-benzene-4-sulfonate
ester of the polymer.

58. The composition of Claim 50 whérein one

35 or more free cysteine sulfhydfyl groups are conjugated

to said polymer via reaction with a maleimido or '
haloacetyl derivative of the polymer.



15 was an absol ute increase in neutrophils, | ynphocyt es, and nonocyt es.
As indicated in Fi al so an increase at the 100 ug/ kg

dose in the \ﬂ“ as pl atel ets. Human SCF
(hSCF[err] nodi fﬂ@ﬁﬁ‘l“ﬁ“ﬂﬂ&\ on 20 of polyethylene glycol as in Exanple
12) was al so I'm nérntl babaong7y at a dose of 200 [err]g/kg-day, *
adnmi ni stered by continuous intravenous infusion and conpared to the
unnodi fied protein. The animals started SCF at day 0 and were treated

;olrI 28 days. bIThe 2;3] resg ssdf ?mhéheompégphedsmloﬁ/\maze S]O?/ﬁﬁeiralthhe
ol | owi ng ta e e PEG.nodi e earlier rise
peri pher al Fﬁgﬁpfﬁ l&ﬁnﬁal ga§%§%aée& %&ﬁiéhe pg%ymer is at%ach

by reaction of an amino, hydrazine or hydrazide

derivative of the polymer with one or more aldehyde
5 groups generated by oxidation of the carbohydrate
moieties.

.60. A method for preparing a bioclogically
active polymer-polypeptide adduct which comprises
10 reacting the polypeptide of Claim 50 with a water-
soluble polymer under conditions permitting the covalent
attachment of the polymer to said polypeptide, and
recovering the adduct.so produced.

15 61. A method of treating acquired immune
deficiency in a human comprising administering a
therapeutically effective amount of the polypeptide
according to Claim 1.

20 62. A method of treating neoplasia in a
mammal comprising administering a thérapeutically
effective amount of the polypeptide according to
Claim 1,

25 63. A method as in Claim 62 wherein before
said administering step is the step of administering
chemotherapy or irradiation to said mammal.

64. A method of transfecting early
30 hematopoietic progenitor cells with a gene comprising:
(i) culturing early hematopoietic progenitor
cells with SCF; and
(ii) transfecting the cultured cells of step
(i) with a gene.
35
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- 101 - ——Freatment with 200 [err] g/ kg-day hSCF[ err}-~ mmnw_————ﬁﬂﬂﬂﬂﬁ-
DA

# M 88320 4 Ani mal # MB8129
DAY  This SheetB¢Bees Replace 0 5800 “IH““H'" "I" Imﬂﬁﬂu
+7 \ +7 7400 0
+14 \ +16 - 138000 - 18400
+22 +23 : 24900 10 +24 28100
+29 13000 29 +30 23000
+36 6600 65. A method é% trapgferring a gepgato a 5600
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said mammal.
10 66. A method of treéting nerve damage in a
mammal comprising administering a therapeutxcally
effective amount of the polypeptide according to
Claim 1.
15 67. A method of treating infertility in a
mammal comprising administering a therapeutically
effective amount of the polypeptide according to
Claim 1.
20 68. A method of treating intestinal damage in

a mammal comprising administering a therapeutically
effective amount of the polypeptide accofding to
Claim 1.

25 69. A method of treating myeloproliferative
disorder in a mammal comprising administering a
therapeutically effective amount of the polypeptide
according.to Claim 1 conjugated to a toxin.

30 70. A polypeptide as in Claim 48 selected

from the group consisting of: -
(Met™l)scrl=148, [Met~l)scFl-162,

[Met™1]scrl=164, (Met™1l]scri=165, [Met~l]scrl-183
(Figure 15C); [Met™1]scri~185, [Met~l)scrl-188,

35 [(Met~liscrl—189, ang [Met~1l)scrl—248 (Figure 42); and .
[Met™1]scrl~157, tmet™Ll1scrl-160, [Met~1l}scrl-161 spg
[Met~1l}scpl—220 (Figure 44).
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EXAMPLE 9 > In vitro Activity of Reconbi nant Human SCF

The cDNA of human SCF corresponding to anino 5 acids 1-162 obtained by PCR
reactions outlined in Exanpl e 3D, wdg6éxpressed in COS-1 cells as

descri bed for the rat SCF in Exanple 4. COS-1 supernatants were
assayed on human bone marrow as well as in the nurine HPP- CFC and MJ/ 9
assays. The hunan protein was not 10 active at the concentrations tested
in either nurine assay; however, it was active on human bone nmarrow.
The culture conditions of the assay were as foll ows: human bone narrow

from heal t hy vol unteers was
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centrifuged over Ficoll-Hypaque gradients (Pharmacia) 15 and cultured in

2.1% nmet hyl cellulose, 30%fetal calf serum 6 x 10 [err] M
2- mer capt oet hanol, 2 mM gl ut am ne, | SCOVE' S nmedium (G BCO, 20 Umn
EPO, and 1 x 10[err] cells/m for 14 days in a humdified atnosphere
containing 7% O0[err]' 10% CO[err], and 83% N err]. The colony 20 nunbers
generated with reconbi nant human and r at2/66F - COS-1 supernatants are
indicated in Table 12. Only those colonies of 0.2 mMmmin size or |arger
are i ndi cat ed. 25 ©  Table 12
G owm h of Human Bone Marrow Col oni es i n Response
to SCF Vol une of CM Col ony #/ 100, 000
Pl asm d ‘Transf ect ed Assaye e I cells SD 30 V19.8 (no
i nsert) 1000 %dé;ég) )QdD—ddH (
50 "0 V19. 8 human SCF[ err] 100
337 50 223 V19. 8
rat SCF[ err] @) Q1L00 N 131 35
50 QY 10 + - @ < Co
A e I A o e A N

N

o

o

N

Q

@

-

100 120 140 160
FRACTION #
-0~ HPP-CFC

80
O.D.

60
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- 103 - The col oni es which grew over the 14 day period
are shown in Figure 31A (magnification 12x). The-arrow i ndi cates a
typi cal colony. The col onies resenbl ed the muri ne HPP-CFC col onies in
their large size (average 5 0.5 nmm). Due to the presence of EPO sone of
t he col oni es were henogl obi ni zed. When the col onies were i sol at ed
and centrifuged onto gl ass slides using3#6 Cyt ospi n (Shandon) fol | owed
by staining with Wight- G ensa, the predom nant cell type was an 10
undi fferentiated cell with a | arge nucl eus: cytopl asm ratio as shown in
Figure 31B (magnif igaid-9n A4 e o1 xphipWsgifyFigure 31B point to the
follow ng structures: arrow 1, cytoplasm arrow 2, nucleus; arrow 3,
vacuoles. Immature cells as a class are large and the 15 cells becone
progressively smaller. as they mature [ Di ggs et al., The Morphol ogy of
Human Bl ood Cells Abbot t Labs, 3 (1978)]. The nuclei of early cells of
t he henDto etic ﬁ&grratlo sequeflee are I | atively | arge in
relation to thev cytopl as ddi ti o, the 2 cyt opt+asm of i mmature
cel |'s stains dafReT W TH WTgntT Gremsa than does 1héhucl eus. As cel s
mature, the nucl eus stains darker than the cytopla mNThe
nor phol ogy of the human bone marrow cells resulting frem cultu wth
reconbi nant humpn SCF is consistent with 25 the conclu i3§%;hat th ar get

[

and i nmedi ate pfoduct of SCF action is a relativel ture
hemat opoi eti c progenitor. Reconbi #ap® hyjran SCF y@s
tested in agar col ony assays on human bone marrow itn conbinatigﬁ wth
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30 other gromh factors as descri bed above. The results are shown in

Tabl e 13. SCF synergi zes with G CSF, G\t CSF, I1L-3, and EPO to increase
the proliferation of bone marrow targets for the individual CSFs. 35
- 104 - TABLE 13. : Reconbi nant
human SCF Synergy with O her - Human Col ony Stinul ating
Factors 4/660! ony #/10[err] cells (14 Days)
nock 0 hG CSF

32 310 hG CSF + hSCF _ 74 1 . hGw CSF

14 2 hGw CSF + hSCF 108 5
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hiL-3 23 1 hi L-3 + hSCF

108 3 15 hEPO 10 5 hEPO + | L-3
17 1 hEPO + hSCF 86 10 hSCF
0 20 Anot her activity of reconbi nant human SCF is t he
ability to cause proliferation in soft agar of the human acute
myel ogenous | eukemi a (AML) cell line, K&/66 (ATCC CCL 246). COS-|
supernatants fromtransfected cells were tested in a KG 1 agar cloning
assay [Koeffler 25 et al., Science, 200, 1153-1154 (1978)] essentially as
descri bed except cells were plated at 3000/m . The data fromtriplicate
cultures are given in Table 14. 30 35 o
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- 105 - Tabl e 14 KG | Soft

.Agar C oni ng Assay Vol une - Col ony

#/ 3000 Pl asm d Transfected Assayed ([err]l) Cells + SD

V19.8 (no insert) 25 21 V19. 8 human

SCF[ err] 25 140 12
80 | 6  6/66 95

3 64 10 1.5 66
V19.8 rat SCF1 162 25 61 human GwW CSF

50 (5 ng/m) 145 15 EXAMPLE 10
Purification of Reconbi nant SCF Products Expressed in
E. coli Fernentation of E. coli human SCF [err] was 20
performed according to Exanple 6C. The harvested cells (912 g wet

wei ght) were suspended in water to a vol une of 4.6 L and broken by

t hree passes through a | aboratory

97.4 —

66.2 —

42.7 —

310 —

21.5 — R

FIGURE 6



honogeni zer (Gaulin Model 15MR-8TBA) at 8000 psi. A

fraction was obtained by @ centrifugation (17700 x g, 30 mn,
washed once w th water (resuspension and recentrifugation),
finally suspended in water to a volune of 400 m .

fraction containing insoluble SCF (estimate of 10-12 g SCF)
to 3950 M of an 30 appropriate mixture 66 that the final
of conponents in the m xture were 8 Murea (ultrapure
EDTA,. 50 mM sodi um acetate, pH 6-7; SCF
1.5 ng/m . Incubation was carried out at
sol ubilize the SCF. Renmi ning insoluble materi al

centrifugation (17700 x g, 30 min, room
- 106 - t emper at ur,e) . r f ol disag/ idJation of the

sol ubi | i zed SCF, the su aa&ggnt&?r%‘ﬂﬁ ST sl owl y,
stirring, to 39.15 L of an appropriate
concentrations of conponents
gr ade), 0.01 nmM EDTA, 5 nM sodi um acet at e,
mM gl ut at hi one, 02% (w&/ vol) dlun1a y de.
estimated as 15 [err]g%?i Aft 60 h

br oken
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FRACTION #

cell pellet
4l err] O,
and

The pel | et
was added

concentrations
gr ade),
concentration was esti nated as
roomtenperature for 4 h to 35
renoved by

0.1 mM

with
m xture such that the final

5in the mxture were 2.5 Murea (ultrapure
50 mM Tris-HC pH

8.5, 1

concentration was

MC/9

HPP—-CFC



roomtenperature [shorter tinmes (e.g. -20 h) are 10 suitable also], with
stirring, the m xture was concentrated two-fold using a MIIipore

Pel i con ultrafiltration apparatus with three 10, 000 nol ecul ar

wei ght cutoff pol ysul fone. nenbrane cassettes (15 ft2 total area) and
then diafiltered against 7 volunes of 15 20 mM Tris-HCO, pH 8. The
tenperature during the concentratldﬂﬁﬂtraflItratlon was 4[err]C,
punpi ng rate was 5 L/mn, and filtration rate was 600 m/mn. The final
vol une of recovered retentate was 26.5 L. By the use of SDS- PAGE
carried out both with and w thout reduction of 20 sanples, it is evident
that nmost (>80% of the pellet fraction SCF is solubilized by the

i ncubation with 8 M urea, and that after the folding/oxidation multiple
species (forns) of SCF are present, as visualized by the SDS- PACE of
unr educed sanples. The major form which 25 represents correctly oxidized
SCF (see below), mgrates wth apparent Merr] of about 17,000
(unreduced) relative to t he nol ecul ar wei ght nmarkers (reduced)

descri bed for Figure 9..Oher forms include material mgrating with
apparent M of about 18- 20 000 (unreduced) thought to 30. represent SCF
wWth incorrect intra L TSP oVaTralS . Ve RNAToNaTa M th
apparent Merr]s in ’ e T f

t hought to represent |8

bonds res#btlgg

|l i nked to for 3
fractionation steps

T
e | Y. 0 . B
‘ wolypeptlde or : | ' ’n : j, 33

B ger ol i goner : e _Z: Q ow ng

66.2 —
42.7 —
31.0--

0’“\
21.5 — “"£§ %
144 —
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- 107 - in renoval of remaining E. coli contam nants and of the
unwanted SCF forns, such that SCF purified to apparent honogeneity, in
biologically active conformation, is obtained. 5 The pH of
the ultrafiltration retentate was adjusted to 4.5 by addition of 375 m
of 10% (vol /vol) acetic acid, leading to the presence of visible
precipitated material. After 60 mn, at 9bbch point much of the
precipitated material had settled to the 10 bottom of the vessel, the upper
24 L were decanted and filtered through a Cuno[err] 30SP depth filter
at 500 mM/mn to conplete the clarification. The filtrate was then
diluted 1.5-fold with water and applied at 4[err]C to an S- Sephar ose
Fast Fl ow (Pharmacia) colum (9 x 18.5 cn) 15 equilibrated in 25 mM sodi um
acetate, pH 4.5. The colum was run at a flowrate of 5 L/h, at

4[err] C. After sanpl e application, the colum was washed with five

col um vol unes (¢ ) of columyuffer and SCF materi al, whi ch was
bound to the col was eluted with a 20 gradient of 0 to 0.35 M Nad in
colum buffer. Total gradi'ent vol umgrgwas 20 L and fractions of 200 ni
wer e col l ected. The glﬁt"l_on profi l F iss_depicted in Figure 33.°
Aliquots (IMtferr]l) frogghractions co ?'ect ed fromthe S Sepharosé
colum were anal yzed by SDS- PAGE'ZS'cauj-;Qd. out both with (Figure 32 A) and
wi t hout a@ﬁe#.lzi gure 32 B) reduction of the sanples. From such anal yses

it is app T that virt4d7lyall of the absor bance at 280 nm (Fi gures
32 and 33) is due to SCF mat eri al . )
27 31.0—
31.0 —
21.5 —
31.0 —
215 — -
- | 14.4— £
ns— R, MA—
<t :
14.4— .
1 2 3 4 5 6 7 8 g

FIGURE 9



30 The correctly oxidized form predom nates in t he maj or

absor bance peak (fractions 22-38, Figure 33). Mnor species (forns)
whi ch can be visualized in fractions include the incorrectly oxidized
material with apparent Merr] of 18-20,000 on SDS- PAGE 35 (unreduced),
present in the |eading shoulder of the main absor bance peak (fractions
10-21, Figure 32 B); and . 10/66 - 108 -
di sul fide-linked diner nmaterial present throughout the absor bance
region (fractions 10-38, Figure 32 B). Fractions 22-38 from
t he S-Sepharose col um wer e pool ed, and the pool was adjusted to pH 2.2
by 5 addition of about 11 ml 6 N HCO and applied to a Vydac C4 col umm
(height 8.4 cm dianmeter 9 cm equilibrated with 50% (vol /vol) ethanol
12.5 MM HO (solution A) and operated at 4[err]C. The cg umm resin was
prepared by sfispendrng the dry resin in 80% (jvol /fvol )} ethanol, 10 12.5
mM HCl (solution B) and then equilibrating it wtlh sqlution A Prior to
sanpl e applicatiop, a.blank gradi ent from soljution Ajto solution B (6 L
t ot al vol une){ was applied and the colum t hen re equi li brated
with solution A After_sam i OTT,; t He col uny %é? washed with
2.5 L of solution|A and SC i
‘\b ]
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material, bound to the colum, was eluted with a gradient from solution

A to solution B (18 L total volune) at a flow rate of 2670 m/h.

286

fractions of 50 m each were collected, and aliquots were anal yzed by

20 absorbance at 280 nm (Figure 35), and by SDS-PAGE (25 [err]|

fraction) as descri bed above (Figure 34 A reducing condi tions;

per
Fi gure

34 B, nonreducing conditions). Fraclif6 62-161, containing correctly
oxidized SCF in a highly purified state, were pooled (the relatively

smal | 25 anpunts of incorrectly oxigdized nononmer -with M of about

18- 20, 000 (unreduced). eluted |ater in the gradient (about fra&tions
RE GEourt | Ge b dked v Y

di'mer O %t

166-211) a e-Tin

erfalPal So Bl Ufed | & era (about

fracti ons 199-Z35)™"""""" (Hgare =35y T30~ ~~=—==~ =~ Fo-renpve-ethanol._from
t he pool of fractions 62-161, and to concentrate the SG<--ihe-kgl | ow ng

procedure utilizing Q Sepharos&dFast Fl ow (Pharanti a) i o exchange

resin was
of 15.625
Then 1 M

109 -

e®pl dyed. Thepdbl T(5LL)Nwas v adi Guted pi tp vat ey Bf g, vaol une
1anol--concentration_to _about 20t % (Yol vl ).
_Tris_hase (135 _n) was_added_to QLE g the pHto 8, 77777
followed by, | _MTri S'c'é'gﬂ PH 8, (

50 60
L R DMV T HUL S VvV S L T TUL L D K F s ¥
-~ (Sequencing after pyroGlu removal)

-
————]

I------- (Sequencing after Trp cleavage, N§5 NONglyco) =——eemmee__
70 80
S E G L S § ¥ § I I DK ULGI K I V DD L v A
: I-=mmmmeem T=3 —=voemas
--~-~ (Sequencing after Trp cleavage; N72 glyco) ----I
90 100 _ 110 -
C M E E N AP KNV KZE S UL K X P E T R N F
------ T-3 I Iemmemommanes Tol emeicccccaccs] Iemmee
I- T-7(N120 glyco); T-8 (nonglyco) -
I ~~="'CB-14; CB-~15; CB=16 -===mecmmmmee_
I - §=1 I I- S-5 or sS-6 (N109 nonglyco)-
120 130
T P EEF F 8§ I FFM'R'SST DA F KD F M V A
------ T~-4 (N109 nonglyco) Iz ==== T=3D ====emccmc
------ T-7; T-8 -1
CB-14; CB-15; CB-16 ~=-=cc—cmmmmcmen I I--~--
m==== §=5 O S=f ~m=mmmmm .
140 : 1s0
§$ DT SDCUVL s8H®LG?PE KD S R V § Vv
------------------------------ T=5D ~==-e-ommeccccmc e 1~ T-2 -
--------------------------------- CB=6D ====—m=mmmmm e e
———T I-—--- §-2 ~—-—-
160
() KX P F M L B P V A (A)
. ~ (Carboxypeptidase P digestion}
-~---~ CB=-6b ---I
------------- §=2 w=emmmmmeenao1
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total Tris concentration to 10 mMM Next 10 nM Tris-HO , pH 8 (-15.5 L)

was added to bring the total volune to 31.25 L and t he ethanol
concentration to about 10% 5 (vol/vol). The nmaterial was then applied at
4[err]Cto a colum of O Sepharose Fast Flow (height 6.5 cm dianeter

7 cm equilibrated with 10 nM Tri s- HCL, EH 8, and this was foll owed by
washi ng of the colum with 2.5 L of 12666m buffer. Flow rate during
sanpl e application and 10 wash was about 5.5 L/h. To elute the bound SCF,
200 mv NaCl, 10 nM Tris-HC', pH 8 was punped in reverse di rection
t hrough the colum at about 200 nmi/h. Fractions of about 12 m-were
col l ected and anal yzed by absorbance at 280 nm and SDS- PAGE as above.
Fractions 1%rlfsa8 wergzpepkes (157 nl). . The poo%ggg;ai ni ng
SCF was then applied in two separate chromatographic runs S5 hY
applied for 219-Fnch) ACATISEPIGERIGEAISACTHERAPhar maci a) gel fhbgrafion
colum (5 x 138 cn) equi¢ibfated w th phoshhate-buffered 20 saline at 4C
Fractions of about 15 m were collected at a flow rate of about 75
m/h. In ead}code a MAMMACTCCHHIGIHTHEYET al with absor bance4ar-289 nm
eluted in fracti ons ®orfesbondi ng roudhly to the elution vol une

range of 137Q tq 1635 J}Ecﬁ jons representing 25 the absorbance
peaks from e 1 col%ﬂl %ﬁ%@ conbined into a single H88F467 525
m , containi ng about 2.3 g of "SCF. This material was sterilized by
filtration igN M |4 i e cartridge. 30

Al ternat i ve:i;,g.%aéﬁeri 5}*%&%@% col U Gaigan be concenffat@d by
ultrafiltration and the buffer exchanged by diafiltration, prior to

sterile filghatian.  ceNAATGATTATATMATA ated reconbi nant humap,$C Egrr] '
material is highly pure (>38%dy &DS-PACE with silver- 35 staining) and is

considered to be of pharmaceuti cal T

222-12 GGNGGNAACATAAANGGCTT 566~585
G G T
223-6 -ACCATAAAATCTTTAAAICGATC 492~-470
"G & C G G .

224-24 GTATTTTCAATAGA:CCATTGA 450-471
1224-25  CCAACTATGTCGCC 150-202
22427 GTAéTCAAGCTGACTGATAAG 273-253
224-28 TAACCAACAATGACTAGGCAA 235-21s
225-31 TTCCAGAGTCAGTGTC . S47-562
227-29 GCGAAGCTTGCCTTTCCTTATGAAGAAGA 16-35 =

227-30 GCGCCGCGGTTACGGTGGTAACATGAAGGGCTTTGTGA S86-561 *

228-30 GATAAATGCAAGTGATAATCC 45-65

230-25 GCGGTCGACCCGCGGAACTTTAAGTCCATGCAACAC 705-685 +*
237-19 CACCCGCGGTTATGCAACAGGGGGTAACATAAATGG 569-592 =+
237-20 WAGGCPGCMCAGGCGGTMCATAM $72-595 =*

FIGURE 12A



grade. Using the methods outlined in Exanple 2, it is

- 110 - found that the material has am no acid conposition

mat chi ng that expected from anal ysis of the SCF gene, . and has
N-term nal am no-acid sequence Met-Gu-Gy-lle..., as expected, with
the retention of 5 the Met encoded by the initiation codon.

By procedures conparable to those outl ilB#06f or human SCF[ err] expressed
in E. coli, rat SCF[err] (also present in insoluble forminside the
cell after fermention) can be recovered in a purified state with 10

hi gh bi ol ogical specific activity. Simlarly, human SCF[err] and rat
SCF1 193 can kerr&sover egaquibacx at SCr[err], during folgihgLpxidation,
tends to formnore variously oxidi zed species, and the unwanted species
are nore d¥f+zolt t CTTAATGTIERAGRARQCaphi cally. 15 703-686lhe rat
SCF1l[err] and human SCF[err] are prone to proteol ytic degradation
during the earddasizages GATGCTAGTATRATTGTCAGACSOl ubilizati os ppd4a3y.

fol di ng/ oxi dation. A primary site of proteolysis is |ocated between
resi dues 263 -ahtl 170GTUNGAGARATERFTACTACGATEe nini m zed byd20-410
appropriate mani pul ation of conditions (e.g., SCF concentrati on;

varyi ng pH;, i 23Usidn of CABTATHAGTCACGHRETITTAGA ot her proteas¥02-323
i nhibitors), and degraded forns to the

235-30 TTAGATGAGTTTTCTTTCACGCAC 556-533
235-31 AAATCATTCAAGAGCCCAGAACCC 566-589

236-31 AACATCCATCCCGGGGAC 366-1383
238-31 CTGGCAATATTTTAAGTCTCAAGAAGACC'
241-6 GCGCCGCGGCTCCTATAGGTGCTAATTGG -
254-9 CCTCACCACTGTTTGTGCTGGATCGCA 153-179

"262-13 GGTGTCTAGACTTGTGTCTTCTTCATAAGGA 209-19C =*

FIGURE 128



extent that they are present can be renoved by appropriate

fractionation steps. 25 Wil e the use of urea for
sol ubi li zati on, and during folding/oxidation, as outlined, is a
preferred enbodi ment, other solubilizing agents such as guani di ne-

HCl (e.g. 6 Mduring solubilization and 1.25 M during
f ol di ng/ oxi dati on) and sodi um N-1 aur oyl 14#60si ne can be 30 utilized

effectively. Upon renoval of the agents after f ol di ng/ oxi dati on,
purified SCFs, as determ ned by SDS- PAGE, can be recovered with the use
of appropriate fractionation steps. : In addition, while
the use of glutathione at 35 1 nMduring fol ding/oxidation is a preferred
enbodi nment , O&TAR condPFBRIFFFn be utilized with equal or nearly
equal effectiveness._ These_i.ngl or exanple, the use in place of 1
mM gl ut at hi one 6P 17 v quFS?ﬁ$%ﬁ¥?Gé plus 0.2 nM oxi di zed gl ut at hi one, or
4 nmM gl ut at hi one plus 0.4 rrMo>§di zed glutathione, or 1 nM 5
2- mer capt oet hanol, or other thiol reagents al so. I n addition
to the chronatogE%gg;c prOE€$H§§§?rrrrngfff?@é’ ot her procedures which are
useful in the recovery 0 S 1n apuritied active forminclude

220-7 AG

220-11 'CG

221-11 TTCGGCCGATCAGGCCCCCCCCCC
221-12  TTCGGCCGGATAGGCCTTTTTTTTTTTTTIT
228-28 GGCCGGATAGGCCTCACNNNNNNT

228-29 GGCCGGATAGGCCTCAC

FIGURE 12C



hydr ophobi ¢ i nteracti on chromat ography [e.g., the use of 10

phenyl - Sephar ose (Pharnaci a), applying the sanple at neutral pHin the
presence of 1.7 M amoni um sul fate and eluting with a gradi ent of

decr easi ng amoni um sul fate]; i rmobi i zed nmetal affinity chronat ography
[e.g., the use of chel ati ng- Sepharose (Pharmacia) charged with Cu[err]
15 ion, applying the sanple at near neuty/§6 pH in the presence of 1 nM
i mdazole and eluting with a gradi ent of increasing imdazol e];

hydr oxyl apatite chromat ography, [applying the sanple at neutral pHin
t he presence oft 1 nM phospR&®e and el ut¥®g with a 26°8radi ent &<a ncreasi ng
phosphat e] +——ahi—ot-her—procettures apparent—to—thost—ski-H-ed—inthe art.
Ot her forns of "RORRR SCE<3torresponding to all or part _of the open
readi ng franme encodi ng by am no aci ds33248 in Figure 42, or
correspondi ng t-e=t&e oRen, 25 reading frame encoded by alternatively
spliced MRNAs =~ that Fesf-ex+st—{such—as—that represented [py the cDNA
sequence in Figure 44), can also be expregsed in E. coli and recovered
in purified form by pr.ocedug¢es—stmtar 21923 t hose described in this

Exanpl e, andby ot her proc&ures 302%¥pBarent to those skilled in the art.
The purificati 6-FR84 fornul ati on of forns i ncl udi ng the| so-call ed

t ransnenbr ar¥sregi on referred to in Exanple 16 may invol vESEhereiang
utilization of derergents, Tncr uadi ng gon-i oni c deter gen}l s,idh‘dcq"f‘pi ds,
including 35 phasphgl i pi d-containing |ipogpag structures. m’

201-7
_—

219-25
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224-27
< 224-28 : -

PCR9Q.4 i
222~11
— PCRs yielding
— 3’ rat cONA
222-12 for sequerce
224=24 = analysis
2 1926 =———m—mee3y

PCREIO.1, 6302
227-29 -

© 227-30 PCRs

- PCRB4.1, 842 used
227-29 ' for

axr &33UCr

230-25

219-26

223-¢6 PCRs used for
hybridization
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222-11
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219—-21 _ —
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- 112 - "EXAMPLE 11 Reconbi nant

SCF from Mammal i an Cel | s A. Fernentation of CHO Cells Produci ng SCF
5 Reconbi nant Chi nese hanster ovary (CHO cells (strain
CHO pDSRa2 hSCF[err]) were grown on - mcrocarriers in a 20 liter
perfusion culture systemfor t he production of human SCF[err] The
fermentor system10 is simlar to thatl@/é&l for the culture of BRL 3A
cells, Exanpl e | B, except for the follow ng: The growth nedi um used
for the culture of CHO cells was a m xture of Dul becco's Modi fied Eagle
Medi um (DMEM) and Hams F-12 nutrient mxture in a 1:1 proportion
(@ BCO, 15 supplenented with 2 mM gl utam ne, nonessential am no aci ds
(to doubl e thé existi ﬁioncent‘w&ti on bzc‘&si ng 7©01:100 dilution of G bco
#320- 1140) anl i ' . di um was identi cal
except for thgmfzjom' ssion of serum The reactor was i-Reedlated with 5.6
20 x 10[err] _%ﬂigcel s grown in two 3-liter spinner flasks. The cells
were all owed te—grow-to—a—concentrat+oen—of—— 4 x—3Bterr] jcells/m. At
this point 100 grans of presterilized cytode -E%_%cr ocarriers
(Pharmaci a) weg&R2s43 added .to the reactor as a 3-lTiter suspension in 25
phosphat e buffereghesahine. The cells were allowed to attach and grow
on the mcrocarriers> or four days. G owt h nedi um was perfused through
the reactor as needed based on glucose consUnRiion. Theg gl ucose
concentration was nai nt ai ned at approxi mat el yagh-deg/ L. :} After four
PCR25.10 (33.1)
222-11 PCRs yrelding
—_—> : Muman cONA
< for sequerce
227-30 analysis
224=-24———>
PCR24.7
224-25
_—
D
228-29
PCR41.11 (42.3)
224-25
—_
227-30
233-13 >
PCR39.1 (41,1, 51.1, 58.1) —
227-29
—
PCRs used
- for
227"& expression
233-13 > —_
PCRS8S
233-13
. PCRs used
. for
D ' hytridization
PCR96.1 PCR 7}
233-13
—_—
P
231-27
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30 days, the reactor was perfused with six volunes of serumfree

medi umto renove nost of the serum (protein concentration <50
[err]g/mM). The reactor was then operated bat ch-wi se until the glucose
concentration fell bel ow 2 g/L. Fromthis point onward, the reactor was
operated 35 at a continuous perfusion rate of approximtely 20 L/ day.
The pH of the culture was numintained at1¢/66

- 113 - 0.3 by adjusting the CJerr] flow rate. The dissol ved

oxygen was mai ntai ned higher than 20% of &ir saturation by

suppl ementing with pure oxygen a necessaly. The tenperature was

mai ntai ned at 37 0.5 err] C Approximately 450 liters of
serumfree condi ti oned nedlun1mas gengrated fromthe above system

and was used as starting materi t he purlflcatlon of reconbi nant
human SCF[ err] Ap rOXI tely 589 |ters of serumfree:10
condi tioned nediumwas al so ¢enegrated in simlar fashion but using
strain CHO pDSRa2 r SCF[err] an ed| as tartlng material for
purification of rat SCFl1 162. Purifi catlon of Reconbi nant
Manmal i an Expressed Rat

150

149

a7
——

19 39
—

18

'

FIGURE 14A



15 SCF[err] Al'l purification work was carried out at

4[err] C unl ess i ndi cated ot herw se. 20 1. Concentration and

D afiltration Condi ti oned nmedi um generated by serumfree
grow h of cell strain CHO pDSRa2 rat SCF1 162 as performed in Section A
above, was clarified by filtration thru 0.45 [err] Sartocapsul es

(Sartorius). 25 Several different bat¢Rggee(36 L, 101 L, 102 L, 200 L and
150 L) were separately subjected to concentration and

diafiltration/buffer exchange. To illustrate, the handling of the 36 L
batch was as follows. The filtered condition nediumwas concentrated to
-500 m using a BABASRAFFFPOFEAPEFFTrEMCEATAERT T D CFFITMFTFATiI | t At i on
apparatus with three 10,000 nol ecul ar meight cut of f cel lul ose acetate
menbrane casset t 3ACABACTSTEREQACATAATRATTATET BFeECCERFMARGRE - 29900 n / nin
and filtration rate -750 m/mn). D afiltration/buffer exchange in 35

preparation for ZACERTARRRARGECCRTEHRT O HACEFERCTGTCARconpBBshed by
adding 1000 m of 10 nM Tris-HO, pH -
114 - TCCGAGGAGCAGTGTGCTAGTCTAGAGGTCTAAATGAAGGCTCCT 180

TTCACGGTTGTATTTCTGCTCCCCAAATTGTCCACATTTAAAAGG 225
AGAGTGCTTCTTTICAGCCTTAGGCTCTGAATTTCATGCATTCCT 270
CCATTTTCCGAGGTCCCccCCAAGTGATAATTCTGTTACACGTTG 31s
CTACAAGTTCATCCCTAATTGCCGTCARGAAACTGACTGTAGAAG 360
GCTTACCACAGACGTTGTAACCGACAGTAAAGCCATTGAAAGAGT 405
AATTCAAACAGGATGGAAGCCAGGAGTATTTTGTGGCTGTTGCTC 450
TTTTTCTTTTCAGTTTGGTGAGAGCAGCTTGAATGCTTAACATTT 495
AAGCCATCAGCTTAAAACAAAACAAAACAAAACARAAAAAAACCC 540
CGCTCTGGCATATTTGCACTTAACACATACGGTATAAGGTGTTAC 585
TGGTTTGCATAGTTCTGGATTTTTTTTTTITTAAAAACTGATGGAC 630
- =20

: ThrTrpIlellaThrC

ACCAAGAAATGTTTCTGTICTTTGTTTAGACTTGGATTATCACTT 875
-10
ysIleTyrLeuGlnleuLeulLeuPheAsnProleuVallysThrG
GCATTTATCTTCAACTGCTCCTATTTAATCCTCTCGTCAAAACTC 720
1 ' 10

lnGluIlleCysAzrgAhanProValThrAspAsnVallysAspIleT
AGGAGATCTGCAGGAATCCTGTGACTGATAATGTAAAAGACATTA 765

18
hrlysLeu
CAAAACTGGTAAGTAAAGAATGATTTTGGCATCTATAAGTCTTCC 810
CTGTGCTTGCTGACCACATAGGTTCAGGGCACTCCCGACAGGAGT .  8SS
TCCCAGCTTTCTAAGATAAGGAATCACTGTACGAGTCTGAAGTGC 900

TTCTTCTGGGCAAATGGGAGATGCTTAGGTCATGGAGGGTTTATC 945

FIGURE 148



6.7-6.8 to the concentrate, reconcentrating to 500 m usi ng the
tangential flowultrafiltration apparatus, and repeating this 5
additional tinmes. The concentrated/diafiltered preparation was finally
5 recovered in a volume of 1000 m . The behavi or of ‘all condi ti oned
medi um bat ches subjected to the concentration and diafiltration/buffer
exchange was simlar. Protein concel®fG6ions for the batches,

determ ned by the nmethod of Bradford [Anal. Bioch. 72, 10 248-254 (1976)]
wi th bovine serum al bum n as standard, were in the range 70-90

[err]g/m . The TGRATANGT GRECER TTGCACHHANGRRRAG REACTFAGIGGIRT f 0830hi s

pr eparati on was about 589 L. 15 2. Q Sepharose Fast Fl ow Anion
Exchange Chr omTEICRFEITACCTACTG The concentrated/diafilterggdg7s
preparations from -each of the five conditioned nmedi um batches referred
to above were conbined (total volume 5,000 m). pH was adjusted to

6.75 by adding 1 MKder@8R0ng! selqubhdi A0 Gksols! LeBldch 7 vas used o

bring conductivity to about nmho. The preparatiion was applied to
a Q Sephar ose Fast FIOM/anion exchange colum (36 x 14 cm

Fﬂirﬁch&d%??%@%f%é%‘sﬁbﬁﬂ Wﬁfﬁ%\ %wa h"b tgﬁlﬁ“n%“
. F

the col um &L%&e@#@ﬁa&%&%&%‘?@m SSeGTAZGAGA AG) yci nel 6

Murea/ 20 [err] M CuS err at about FH The col um was t hen washed

with: 10 nM Tr iTATFAATGY @TFQFFH% ??39¥F¥307Cbéﬁﬂ&1ﬂ()rkﬁﬂrn to
neutral pH and renove urea, and a salt gradient (0-700 mvi NaCl in the

10 MM Tris-HO, 20 [err]MCuSO err], pH 6.7 buffer; 40 L toti#
Val
TCTCTTGTATTTACTCACGTTTTCATTTCTTGGTCTCTGTAGGTG 180

AlaAanLeuProAsnAapTeretIleThrLigAsnTeralAla .
GCGAATCTTCCAAATGACTATATGATAACCCTCAACTATGTCGCC 225
39
GlyMetAspVallLeu
GGGATGGATGTTTTGGTATGTAGTCCACACACTTCTGAGTTGCCT 270
TTTAGTAGCIAATGGGfGﬂCCTGTGCTIATTCACATTGAAGACAT 315
TATTTGCTCT?TGTCGTTTfTAGATGTTGACCTA?LLTTTTTCCT 360
TCAAGCTGCTGCTAAGATTAICAGTGAGCATTTCAGTATGTGTTT 405
TAAGCCTACTCATTAAAAGGAAATGGCTCATCTTAGACGTAGCAA 450
CCGATGTTAATTT TTCCCCAGGCATCTCTCAGAGGGACTTGAATG 495
TTAAAATCATGTTAAATTTCCTCCTTGGCTATGTTATTTCTCATG 540
GCTATGTTATTCCTATTCGTATTTCATTTAAAGGGACGGAATATT 585
TATTGTATTTCTGAACTTTTTCAGGCATGCATCCGGGTCTTTGAA 630

TAAAA 635

Intervening sequence of unknown length

FIGURE 14B cant.



vol ume) was applied. Fractions of about 490 ml were collected at a
flowrate of about 3,250 m/h. The 35 chromatogramis shown in Figure 36.
"M 9 cpmt' refers to biological activity in the MJ9 assay; 5 [err]l
fromthe i ndi cated fractions was assayed. Eluates collected
during the sanple application and washes are not shown In the Figure;
no biol ogical activity was detected in 20/66@ hese fractions. 5 3.

Chr omat ogr aphy Using Silica-Bound Hydrocarbon Resin Fractions
44-66 fromthe run shomn in Figure 36 were conbined (11,200 nl) and
EDTA was added a_final _concentration of 1 mM. This material was 10
applied at a fIomF?ﬁtéAﬁ%caﬁ%ﬁ?cﬁbﬁﬁﬁ%ﬁqTF¥QTﬁﬁ?9FtENQFﬁFATcafvydéé
Proteins C4; 7 x U|I|brated with buffer A 10 MM Tris pH

6. 7/ 20% et hanol ). A"A@F 'F'r GCAGTEA TAAGT O AT AT G~ GRS A wasABd wi t h
1000 m of buffer A Ilnear gradient frombuffer Ato buffer B 15 (10
MM Tris pH 6. 7/ 9453 RERARCRG TEE BT af TGRACTEL GRS THSCESTGRRECANGN apphi ed,

and fractions of 30-50 m were coll ected. Portions of the CJerr] columm
starting sanpl e, AATTGEERTRAGTYRTEOBFAAFAMAIAMTTIAAGETRRGEANE t 01805 ni

aliquots of the gradient fractions were dialyzed agai nst
GGTGGTTTAATCTTCTITCCGTGGAAGGACAAAATCATCTATCATT 225

TCCTCTGATCTCTATGCATTTGTTTGTTTTGAACTGAATCTGACT 270
TGAGCAAGAGTTGGCGTCCTGTGTTCTGAGGAAACTCTTTGTCCT 315
GCAGTCAGTGACIAAAAGTGCTGAGAGATCTGAAGAGCACTCTGA 360
ATCTGCCATATTTTTAATAGATGCTTTGTCTTCTCTTTGAATTTC 405
40 50
ProSerHisCysTrpLeuArgAspMetValThrHEislLeu
TTCCAGCCTAGTCATTGTTGGTTACGAGATATGGTAACACACTTA 450
60
SerValSerLeuThrThrlLeulLeuAspLysPheSerAsnIleSer
TCAGTCAGCTTGACTACTCTTCIGGACAAGTTTTCAAATATTTCT 495
70 80
GluGlyLeuSerAsnTyrSerllelIleAsplysleuGlyLysIle
GAAGGCTTGAGTAATTATTCCATCATAGACAAACTTGGGAAAATA 540
30 96
ValAspAspLeuValAlaCysMetGluGluAsnAlaProLys
GTGGATGACCTCGTGGCATGTATGGAAGAAAATGCACCTAAGGTA 585

ACTTGGTATTCATCAGAATTATTTTTCTTATACT 619
Intervening sequence of unknown length

GAGCTCATGATGAGCAATTCACAACCACTTGTAATTCCAGCTCCA 45
GAGGACATTATCCCCTCTTTGGATGCCATAGGAATCTGCTCTCAA 80
ATATGTAGATACCACCTCTGCCACCTCAGCACATACATACACATA . 135
ATTAAAAAATAGAAACATTAAAGGAGTTCCAATCAATCCTTATTIC in

TTTTCTGTATTCAGTATGCCCAGATGTAAATTCTAGGAATATGTT 225

FIGURE 148 cont.



20 phosphate-buffered saline in preparation for biological assay. These
various fractions were assayed by the MJ9 assay (5 [err]1 aliquots of
t he prepared gradient fractions; cpmin Figure 37). SDS-PAGE [Laemi,
Nat ure 227, 680- 685 (1970); stacking gels contained 4% (wv) 25
acryl am de and separating gels contained 12. 5% (w v) acryl am de] of
aliquots of various fractions is shown 21/66 Figure 38. For the gels
shown, sanple aliquots (100 [err]I) were dried under vacuum and then

redi ssol ved using 20 [err]] | e treatment buffer (reducing,

i.e.,with 30 2-%%%&6%3% '5%% PErRRIARGFASCRTT ARART TEST oadi'h@;
onto the gel. The nunbered marks at the |eft of the Fi gure represent

m gration posi tA3ETGET TN GHGTCMETTRATTIGTCRRARTIGCEQACGACATTGas i3l Fi gure
6. The nunbered | anes represent the corresponding fractions collected
during 35 applitacrercuCATIsTICRET PATTCOr TCIgTTad TIeATTIbeTgEl S 360%®rE
silver-stained [Mrrissey, Anal. Bioch. 117, 307-310 (1981)].

4.  Q Sephar OSec’Eﬁ@trTﬁmﬁmmfaxdmmeaébmmhwwﬁmrmmc 405
Fractions 98-124 fromthe C4 col um shown |n ure 37 were pool ed

(1050 n1) The :Pg b m&iM%GTT%ﬁG%S Eﬂ §T7 bLHg r to
reduce et hanol concentrati on. e eé E en applle to a
ACTTGAATCATTGAGGACATAGTCAATAATCTATTAIGCTGATCC 495
AGTCAAGTCTATGAGTTATTTGAAAACTAGAATCTTTGTTAATTA 540
97

AsnValLys
TTTGTTTGCTTGTTIGTTIGTTITATTATTTGTCTAGAATGTAAAA 585
.100 110
GluSerLeulLysLysProGluThrArgAsnPheThrProGluGlu
GAATCACTGAAGAAGCCAGAAACTAGAAACTTTACTCCTGAAGAA 630

120 :
PhePheSerlIlePheAsnArgSerlIleAspAlaPheLysAspPhe
TTCTTTAGTATTTTCAATAGATCCATTGATGCCTTCAAGGACTTC 675
130 - 140
MetValAlaSerAspThrSerAspCysValLeuSexrSerThrLeu
ATGGTGGCATCTGACACTAGTGATTGTGTGCTCTCTTCAACATTA 720
148

GlyProGluLysA
GGTCCTGAGAAAGGTAAGGCTTTTAAGCATTTCTTGTTTAAATGT 765
ACATAGAAAGCCTGAACTTCTGTAAGCCTCTACTGCTGAATCAAC 810
TAAATGTGTfGCTGTAGAAAGAACGTGTGGGTTTTTCTGKIAAAA 855
ACAAAAMAGCAAATATCAATGACTACCAATGATTATTATCTAGCTT 800
GAGAGATATGCCCTAAGACAGCGATTCTCGATATTTCTAAATTAA 945
AGAATIGTGTGATGGTGGCTCACATATTTTCTAACTGTGATATTT 950
GCCACGAGAGTAGAATAATGTTATTCTTCATCCCCAGAATTCCTA 1035

AGATTTCACGTCTCATGTCTTTTCCATAAGGTTCAAACTCTGAGA 1080

FIGURE 14B cont



Q Sepharose Fast Fl ow ani on exchange colum (3.2 x 3 cm Phar maci a

Q Sepharose Fast Fl ow resin) which had been equilibratd wwth the 10 mM
Tris-HC, pH 6.7 buffer. Flow rate was 463 m/h. After sanple
application the 10 col um was washed with 135 m of columm buffer and
elution of bound material was carried out by washing with 10 nv
Tris-HA, 350 mM NaCl, pH 6.7. The flovwR22/66direction of the colum was
reversed in order to m ni m ze volunme of eluted material, and 7.8 m
fractions 15 were collected during elution. 5. Sephacryl S-200 HR Ge

Filtration Chr i@ Bt YeAGCCTCAGCAGGTCATRY AR e d@ el yigd protein
fromthe salt wash of the Q Sepharose Fast Fl ow ani on exchange 20

col um wver e poRlethddediiccSfhrdcaRS AN G 1ECTTTEPPPAC! Vi | %200 HR

(Pharmacia) gel filtration colum, (5 x 55.5 cm eqU|I|bratea

phosphat e- buf f a0 A TcAEtA @PracERSldaR T ol Tl T8 f@f'ecggﬁgat a

flow rate of 68 m/hr. Fractions corresponding to t e peak

absor bance at 330 R el F ROR Rk AL LR TrcHcTacAdRE PULbLhed

mat eri al .
AGTTATGGTGTATCGCTTGACAAAACTGAGCAGCCAAGCTGAGTA 1395
TGAAATAATAATCTAGACTTGGGAGGCAGACCCAGCACCTACTGT 1350
GATATTGCACTTCGCCTTTGGGGGACTCTATGATTCAAAAGTTCA 1395
1540
_ SpSerAxgVv
CCATGTAACACTGACACATTATTGCTTTCTATTTAGATTCCAGAG 1440
160

alSerValThrLysProPheMetLouProProVAlAlaAlaSerS
TCAGTGTCACAAAACCATTTATGTTACCCCCTGTEGCAGCCAGTT 1485

170 176
erLeuArgAsnAspSerSerSearSerAsn
CCCTTAGGAATGACAGCAGTAGCAGTAATAGTAAGTACACATATC | 1530
TGATTTACTGCATGCATGGCTCCAAGTATCCTCTATAGGAGTGTT . 1575
GCATGGACTTAAAGTTTATAAATCACTACTAATAATGCTGTTCTG 1620
TCACTGTTATTCCTTGTATGGGCTTCCTGACAATTAAATATCTGG 1665
TTTGTAGAATCGGATCTCCTTAGAGGTTAAGATGACCATGACAAA 1710
ATTAGGCCAATCAACTTTCTGCGAAGGTTATTTTAAATAAGGCAC 1755
GAAATTLATTGAAéGAAAAAAAAATACAAGCAAGGCCT!A?TTTG 18049
AATCATGGTAGGCTTAAAATAGACTTTGTGGAGAATGTCCCTGAT 1845
CAAAGTGGAGTTTTCAGATTTCAAGTGCATGTGCTAACTCTCCAC 1850
MATGTCAAGGCTATTTTCAGTTITTGTGTCTCCATATTTACTACTG 1935
CATGTTTGGAAATTTGCTGATGCTGTTAGATTACCTA}GAAIGTA 1980

TGTTGAAGAAGAATGGACTTCTTTCCCTAAAATTTCTGTCCTCTT 2025

TGCCCAAGAACCCACGTTCCTGGAAGACTATCTTATTTTCATGTC 2070

FIGURE 148 cont.



35 -117- Tabl e 15 shows a

sunmary of the purification. TABLE 15.
Summary of Purification of Manmalian Expressed Rat SCF[err]

Tot al Step Vol ume(m) Protein (nmg)*
Condi ti oned nedi um (concentr at ed) 7, 000 28,420 10 Q Sepharose
Fast Fl ow 11, 200 2366  C4 resin

1, 050 19 Q Sephar ose Fast Fl ow . 31

20 Sephacryl S-200 HR 82 19**

*Determ ned by the nethod of Bradford (supra, 1976). 15 **Determ ned as
47.3 my by quaniifd-aty e : XETEAATAIACT BReel ogy,sign | ar
%E#Q§#S£§§#%ﬂggﬂfkﬂaéﬂ§b TARACTGGERA: 14N

to that outliné
CTGGTTTCTGTTTTTACAGATTCATAATAGCTTATTCAGTCTTTA

AAGAAAGTTCTCTGAAGTCCATGCTTTAGAATGTTTCTCTATCAA
AACTTGACCTGGACCTTAAATAAAGCTATATTTAGTCTTTTTATC
CCTGAAARATATATTTCACAGTGTAGACATTTGATATACATCTAA
GGGAAGGATGCTGCCAGAATGCTCGGGCTGGCAGTCTACAAAGTC
CACTGCTCTCAGGATGGACTTCTGAAAGCGGAAATTGTGAACTGC

ATGCATATAACATATCAGATCCTCGAGC

FIGURE 14B cont.
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The N-term nal am no acid sequence.of purified ~rat SCF[err] is
approximately half @n-Qu-lle... and 20 half PyroQu-Qu-Ille..., as
determ ned by the nethods outlined in Exanple 2. This result indicates
that rat SCF[err] is the product of proteolytic-. processi ng/ cl eavage
bet ween the residues indicated as nunbers (-1) (Thr) and (+1) (An) in
Figure 14C. 25 Simlarly, purified hur%/GﬁZF[err] fromtransfected CHO
cell conditioned nmedium (bel ow) has N-term nal am no aci d sequence
GQu-@y-Tle, indicating that it is the product of processing/cl eavage
bet ween resi dues i ndi cated as nunbers (-1) (Thr.) and (+l) (Gu) in 30
Fi gure 15C. Usi ng the above-described protocol will yield
purified human SCF protein, either 2rsecorrbl nant fgrms expressed in CHO

cells or naturally derived. M K K Alddlqtl pprifi ciatlon met hods
that are of c38gatdddidacdTRcheTotTTATCAAEAN Eﬁ‘;td; gkhked co
reconbi nant SCFs i nclude those outlined in Exarrpl es

- 118 - - and 10;1d&nd ot her net hods apparent to those skilled in

the art. Y L Q LQOlhek {8k & Run¥n BCT, 8orEeshborkli Ry ®o al |

or part of FRATERRFMATERTCGTATERMISTISICET APMGTRACEAGMECTGCAGGAATCC 130,

10 .20
vV T DNV XDTITZ XTLVYANTIELTP?NUDUY u
TGTGACTGATAATGTAAAAGACATTACAAAACTGGTGGCGAATCTTCCAAATGACTATAT

180
30 ' 40
I T L N ¥V A G MDJVUILTPSUHTGCWTLTZRD
GATAACCCTCAACTATGTCGCCGGGATGGATGTTTTGCCTAGTCATTGTTGGTTACGAGA 240

50 60
M v T H L § v.s LT T UL UL D K F S N I s
TATGGTAACACACTTATCAGTCAGCTTGACTACTCTTCTGGACAAGTTITTCAAATATTTC 300

70 80
E G L S N Y s I IDIZXKTILGTE KTITYVODD L v
TGAAGGCTTGAGTAATTATTCCATCATAGACAAACTTGGGAAAATAGTGGATGACCTCGT 360

: S0 100
A C M E ENAUPIKNVIKTESULI KTZ KU?PTET
GGCATGTATGGAAGAAAATGCACCTAAGAATGTAAAAGAATCACTGAAGAAGCCAGAAAC 420

110 - 120
R N P T P E E P P S I F N R S I D ATF K
TAGAAACTTTACTCCTGAAGAATTCITTAGTATTTTCAATAGATCCATTGATGCCTTCAA 480

130 140
D P M V A 8 DTS DOCV UL S S TULG P E
GGACTTCATGGTGGCATCTGACACTAGTGATIGTIGTGCICTCTTCAACATTAGGTCCTGA 540

150 160
K D 8 R VvV 8 VT K P P M L P P V A A s s
GAAAGATTCCAGAGTCAGTGTCACAAAACCATTTATGTTACCCCCTGTTGCAGCCAGTTC 600

170 180
L R X D 8 8 8 S N s X Y T ¥ L I ¥ € M H
CCTTAGGAATGACAGCAGTAGCAGTAATAGTAAGTACACATATCTGATTTACTGCATGCA 660Q

1s0 192

G 8§ K Y P L
TGGCTCCAAGTATCCTCTATAGGAGTGTTGCATGGACTTAAAGTT 70s

FIGURE 14C



5 1-248 shown in Figure 42, or corresponding to the open readi ng frame

encoded by alternatively spliced nRNAs that may exist (such as that
represented by the cDNA sequence in Figure 44), can al so be expressed
in manmal i an cells and recovered in purified formby 10 procedures

simlar to those decribed in this Exanpbg and by ot her procedures
apparent to those skilled in the /66 C. SDS-PAGE and d ycosi dase
Treatnments 15 SDS—PA of pool ed fractions fromthe
Sephacryl S-200 HR gel filtration |s shown in Figure 39; 2.5
[err]] of the pool was | oaded (man | ane was sil ver-stai ned.
Mol ecul ar wei ght markers 20 (Ian e as described for Figure 6. The
di fferent m grating materi alg a d sllghtly bel ow the Merr]
31, 000 mar ker position representss he blologlcally active material; the
apparent heterogeneity is largely to the heterogeneity in
gl ycosyl ation. 25 To,ch racTej]ze the gl ycosylation purified

I

material was treated with a varLe of [ gliycosi dases, anal yzed by

SDS- PAGE (reduci ng conditions) an vi'syal j zed by silver-staining.
Results are shown in Fi gureg3 Lane 2,/ neuram ni dase. Lane 3, 30
neur am ni dase and O gl ycanase. ®Lahe 4, neyram ni dase, 0- gl ycanase and
N- gl ycanase. Lane 5, neuram ni dase|and N-gl ycanase. Lane 7,

N- gl ycanase. Lane 8, N-glycanase mﬁthout substrate. Lane 9, O glycanase

wi t hout substrate. Conditions 10 mM 3-[ (3-chol am dopropyl) 35
di met hyl ammoni ol -1 - propane sulfo ate (CHAPS), 66.6 nmM

2- mer capt oet hanol , 0. 04@6(m¢/vob) od| m azi de, phosphat e buffered
saline, for 30 mn at 37[err]C, d

T'*“

40

19 39

.f

~20
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- 119 - by incubation at half of described concentrations in
presence of glycosidases for 18 h at 37[err]C Neur am ni dase (from
Art hrobacter ureafaciens; supplied by Cal bi ochem) was used at 0.5
units/m final 5 concentration. O dycanase (CGenzyne; endo-al pha-N
acetyl gal actosam.ni dase) was used at 7.5 mlliunits/m. N d ycanase
(Genzyne; peptide: N-glycosidase F, pephgass

N4[ N- acet yl - bet a- gIn¥dosamni nyl ] aspar agi ne ani dase) was used at 10
units/m. 10 RrGln  \Were appropriate, various control incubations
were carried out CAPAME GACTHEEHCCLRCERAGRAFCRICCTAGGCTC T M@ dagss, to
verify that results were due to the gl ycosi dase preparati ons added;

i ncubati on wi t h AAAAMIGEHEYTGEETGHLECEGASAACCESGIIonTIIdmi@Theeconpgnant 15

human eryt hropoietin) known to be substrates for the gl ycosi dases, to

verify that the @EIAGHTIRGEGEATEIASGGCTGUSEATEECEGRYG ve; and i ncupation
w th gl ycosi dases but no substrate, to judge where the gl ycosidase
preparations were contributing to or obscuring the 20 visualized gel bands

(Figure 39, lanes 8 &ﬂiéﬁveninaesequence 3f”HH§ﬁB¥ﬁL#ﬁ§§¥&5ions can be

drawn fromthe experi ment s scri bed above. ous treatnents

AGATACTACARAGATAAATCAGTTGCACAAGTTCTTGARACTCTA 45

CAGTGTAATAAGGAAAAATAAGTCATGCATAAAAGCAACTATAAT 90

ACATAATAGAARATGTTATTTTCAAGCCGATGTGTAGGTTATGTG 135
TGTTCGAGAGAGAGAGAGAGAAGACAGATTACTTTCTGCTAGGET 180
TCAAGAATGCCTTCCTGTTGGCTAAGGAAATATTTTCCTTAAGTG 225
GCTAAAAAGCTGTGTTTCAAAATATTCTTTTGATGTCTCACAAAT 270
TCAGTGGAATTCTCTTAGGTCTAAAAATATACATCTCTCTCACTT 315
TAACTTGGTGTGCTATTGTAGATTATTGGATTAAAGCACTGCTCA 360
GGGATTATGCTGCTTCTTGCCAAGCAGTCTACATTTAAAGTAGAA 405
ATAAGATGTTTCTTTTGGTGCCATAAGGTATACATTTTATGCATT 450
CTCTAGTTTTTAGAAGATACCCTAAGGGCTAAGTCTTTAACATGC 495
TGCTACAAGTTTATTCCTAATTGCCATTGGGAAATTGGCTGAAGA 540
AAGTTTTTAACAAAAGTTAACAATATTGTCATTGAGAGAATAATT  S85
CAAAATGGATTTTAACTAAAAGCTTTTAAAAACTTTGGTGAGCAT 630
AGCTTGAATGCGTAATATTTAATTGCATTTAAGCCAATAACATAT 675
ATTAGACTGGTCTTTTTGTGCATCAAGGCATTAGATGTTAAAAGT 720
TTGAATGATTACAGATCTTAACTGATGATCACCAAGCAATTTTTC 765

-20 -10

ThrTrpIleLeuThrCysIleTyrLeuGlnLe
TGTTTTCATTTAGACTTGGATTCTCACTTGCATTTATCTTCAGCT 810

FIGURE 158



wi th N-glycanase [which renoves both conpl ex and hi gh- mannose N-Iinked
carbohydrate (Tarentino et al., 25 Biochem stry 24, 4665-4671 (1988)],
neur am ni dase (whi ch renoves sialic acid residues), and O gl ycanase

[ whi ch removes certain Ol inked carbohydrates (Lanbin et al.

Bi ochem Soc. Trans. 12, 599-600 (1984)], suggest that: both N-1inked
and 0-linked carbohydrates are 30 pres@f/66and sialic acid is present,
with at | east sone of it being part of the 0-linked noieties. The fact
that treatnent with N-glycanase can convert the het er ogeneous materi al
apparent by SDS-PAGE to a faster- m gratihg formwhich is nuch nore
honbgeneous i niicales?B8AshIiodieuViNlielheEné iy ILefyadenirss t he sane

pol ypepti de, wWqdTCCORTNTAATCHSTSIAGT IFSiARC TEARGAGARCTIGLAGGAXY 855

het erogeneity in glycosyl ation. - 120 -
EXAMPLE 12 Peepar ati on of Recomnbi nant 18CF1 164PEG

Rat SCF [err] ,nAtyviieH-AstNsa Vadasnidasrd 1 TBrLEaLe@l i expression system
according to EXerPteeACAAATAATGTANAAMRSGTCRITRAARTRGTIANG TR €r i 3l of Or

pol yet hyl ene gl ycol nodification described bel ow.
GGAATGCTTTACCGTGCTGTGTAAAAAAGAGCTGTGGCTCTTTTT 845
CCTGTGCTTGTTGATAAAAGATTTAGATTTTTCTTGCCCCAAAGT 330
AATGTTTTCCTAAAGTGGGGAAAGTAATCACTGGGTTACAATAAA 1035
GGGTTTATAGAAAGCAGGTAGTGAGATATTTAGGGTCATGGATAA 1080Q
TTTGTTGGTAARACTGGCTAGTTGCACACCACTGCTGTGACTGCT 1125
TCTTTGCTGGTCTTCTCCCCATCCTTCATAGGCAGTGAAGGACCT 1;70
TGGAGAGTTCGCTGTGTGCTGATGGGCTTGCCCCAGCTTGTTCCC 1215
-CATAAICTCTCCAGTGGGTTTCCCAGC#TGTTCTAETCCCCTTCA 1260
CATGTCTTCCTACTCTTCTTTAAAAAGCCTAACGAAAGGAAATCT 130S
GAAATGGCTATTCTCCCAATTCAATCAGCAGGAAGACCCTGTCAC iSSO
ATGTCAGTGGGTGTTTGCTCCTTCAGGGAACATAGAGAGGTGATT 1385

CATTGCCCACATGTTGAAGGGACTCATCTCCCTGGTTTGTCACAT 1440

TGAACTCITTCCCTCAGCGAAAGCATTTGCATTGCTTCCC 1479
Intervening sequence of unknown length

GAXTTCCILG#TCACAGGTGGAAGCTGAAATTCAGATCATGTTTC 45
CAAAACTCAGTAGGTTATACCTAGCCAGGCATAACTGAA&TTGGA S0
GTCTAAAAGXTCTGTATTATCACTTTTTTAITTTGAAGGATGCCT 138
TTTGATTACAGAGGGAAATCAAGGATTAAAAATCAATATACATGT 180

AAATATTGAAATTCATTGGTAACTTTAAAAAGCACAACAGTTTTG 225
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Met hoxypol yet hyl ene gl ycol - succi ni m dyl succinate (18.1 ng = 3.63 unol;
SS-MPEG = Sigma Chemical 10 Co. no. M152, approxi mate nol ecul ar wei ght =
5,000) in 0.327 L dei oni zed water-was added to 13.3 ng (0.727

unmol ) reconbinant rat SCF1 164 in 1.0 nL 138 nM sodi um phosphate, 62 niM
NaCl, 0.62 mM sodium acetate, pH 8.0. The resulting solution was shaken
gently (100 rpm) at 15 room tenperatu28/66r 30 minutes. A 1.0 nL aliquot
of the final reaction mxture (10 ng protein) was then applied to a
Phar maci a Superdex 75 gel filtration colum g%.G x 50 cm) and el uted
with 100 ansodiu%?¥ﬁﬁé§ﬁﬁﬁ?§CAAAGCﬁ?F%F%%*%ﬁ?Q&TF ETEATETRBAN / ATH at room
tenperature. 20 The first 10 nL of columm effluent were_ di scarded, and

1.0 nL fractions were collected thereafter. The W *3bsor bance (280 nm

of the colum effluen;_ewg;;gg%ggg;ggmwmm l.nugus| Yéﬁﬁlﬁé shown in
Fi gure 40A. Fract?Os ™ -~ 25‘thTﬁU%%E%F‘§gEEA%Bﬁﬁgﬁﬁﬁ and*Sterilized
by 25 wultrafiltration through a 0.2 [err] _pol ysul fone nenbrane (Gel man
si%ngted PEG- 25.

Sci ences no. 4454) . ar Jﬂ¥%§§%§%L§% ol S - S Sy

Li kewi se, fractio iugggg}a Rt b Bf ' ﬁﬁ%;gg g g FRed¥™sterilized by

ultrafiltration, ~*CT3 S GRARG PR S S T SrBATFracFrSh PEESSS

contained 30 3.06 ng prcﬂ§§|1_and pool ed fraction PEG 32 cont ai ned 3.55
rom A280 neasurenents using for calibration

ny pLoteLn, as ?alc I §¥1eu BNt ¢ for ¢ t
an absorbance o ~ n ified ra
SCF[err]. Unreac ;gﬁ fg?@%*@%ﬁﬁﬁ%ﬁﬁ“é%ﬁ?@%@%??ﬁaegiagggg? t h&%% ot al
protein in 35 t J ' I ' L Qns nunber 34
Fo 37, tnder si mi A% AR BRI Ar B A AR REA LA AR EREASER. 186
GCTGCTATTTAGGAGCTTGCTTATTGTCAGGATTTGAAGAATTTA 495

TCTTTGGAATTTGACTTGCAGGCTTTTTTTTCCCCCTICTT 535

Intervening sequence of unknown length

CCTGTTACAAGAGTCCCTCCTCCTATTACAATAGTCCCTCCTCCT 45
CCTGTCACACTAGTCCCTTCTCTTCCTGTTACAATAACCCCTGTC 90
CTCCTATTACAACATTTTAAGTAATGTAATATTAATTTTAAAAAT 135
CTGGCCAGGCACGGTGGTTCATGCTTGTAATCCCAGCACATTGGE 180
AAGCTGAGACGGGTGGATCATTTGAGGTCAGGAAGTTTGAGACAG 225
CCTGOCCAACATGGTGAAACTTCCTCTCTACTAAAMATAAMAAAG 270
TAGCCAGGCATGGTGGCAGGCACTTGTAATCTGAGCTACTCGAGA 315
GGCTGAGGCAGGAGAATCACTTGAGTAACTAAAACGATAGCTTTG 360
AAGAGTACTCCGAGTTTTATGGCACTTACTTATTAAMATAGCTGT 405
40 |
ProSerHisCysTrpIlesS
TTTGTCTCTTTTTTCATATCTTIGCAGCCAAGTCATTGTTGGATAR 450
50 60

erGluMetVaiValGlnLaﬁSorAspsorLeuThrﬁ:pLeuLouA
GCGAGATGGTAGTACAATTGTCAGACAGCTTGACTGATCTTCTIGG 495
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- 121 - unnodi fied rat SCF[err] was eluted as a nﬁjor peak with a

retention volunme of 45.6 nm., Figure 40B. Fractions nunber 77 to 80 in
Fi gure 40A contai ned N- hydr oxysucci ni m de, a by-product of the reaction
of 5 rat SCF[err] with SS-MPEG ~ Potentially reactive am no
groups in rat SCF[err] include 12 lysine residues and the al pha am no
group of the N-terminal glutanine resi 66Pool ed fracti on PEG 25
contained 9.3 nol of reactive amno 10 gr oups ,per of protein, as
det er mi ned by ecLr scQpi ¢ t| ratlon witR trlnltrobenzene sul fonic
acid (TNBS) u5|g§9%§ 1ﬁﬂlﬁ ¥%¥§§ AgpfyrSerI®Hchem

14: 328-336 (196 F& QﬁF??%% GIPRITIT TG EFhed 3694 nol

and unnodi fied rat SCF[err] 15 contained 13.7 nol of reactive am no groups

per mol of protein, resp i vel Thus, an average of 3.%0(13.7

m nus 10. 4) ani nee{EBHY §LGPVFﬂ¥“SE?g HPpAAPBesVad GluCysatLon PEG 32
were nodified byTM 6%$6§3HQN91311 KFGEIGBC@EE@MQﬁAGmGQﬁmmmge 6854. 4
am no groups of 20 rat SCF[err] in pooled fraction PEG 25 were nodified.
Human SCF (hSCF[err]) produced &6 in Exanple 10 was al so nodi fi ed using
the procedures npieluakagerserLygpecifically, 714 ng (38.5 umpl) hSCF[err]
were reacted  ANGARARGRCATUrAAGIXAACTDTETEOTYRIGGGGAA AR OF 0. §3 25

sodi um phosphate buffer, pH 8.0 for 30 m nutes at room tenperature. The
reaction m>“L"E%dﬁ@rﬁ@@b&@%iﬁ%ﬁhAAACé@ﬂf@@&!br@d@%@ﬂ%d¥¥éﬁﬁb(5 ¥7534 cm

and eluted with PBS (G bco Dul becco's phosphat e-buffered saline mnthout
AAAATGAGGCACCTTTATTTATGATATTTTGATTGTATAAACTTC 720
AAATTTAAAAATCTTGTTCAGATGAGCAAAGAAAACAAGTATTTG 765

CAGTTATACTGCAATACTGAAGTGCACATTC 796
Intervening sequence of unknown length

TTGTGTTCACTGCCCCAGATTCAACTTGTGATCCCACTGGGATCA 45
CTACCCTGCATTACCAATCTGAATTACATACGTTAAAACAGCCAT S0
CTAAAAGTGCTAGTTGTAAGAGTCTAAATACTTGAATCTTTGAGA 135
GACATATTTATAGTCCATTATCTTCACCTCAGTTAAGTCTGAAGA 180
97
AspLeulLysL
CTATTTGAAAAATGTAATCCTATTTTTTCTTCTAGGATCTAAAAA 225
110

ysSerPhelysSexrProGluProArgleuPheThrProGluGlupP
AATCATTICAAGAGCCCAGAACCCAGGCTCTTTACTCCTGAAGAAT 270

120 ' 130
hePheArgIllePheAsnArgSerIleAspAlaPhelLysAspPheV
TCTTTAGAATTTTTAATAGATCCATTGATGCCTTCAAGGACTTTG 31s

140

alValAlaSerGluThrSerAspCysValValSerSerThrLeus
TAGTGGCATCTGAAACTAGTGATTGTGTGGTTTCTTCAACATTAA - 360
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CaCl[err] and MgCl[err]) at a rate of 102 nmL/hr, and 14.3-nL 30 fractions
were collected. Fractions no. 39-53, anal ogous to the PEG 25 pool
descri bed above and in Fi gure 40A, were pooled and found to contain a
total of 354 ng of protein. In vivo activity of this nodified SCF
in primates is presented in Exanple 8C. 35

- 122 - EXABO/6613 SCF Recept or
Expressi on on Leukem c Bl asts Leukem c bl asts were
harvested fromthe 5 perjpheral blood of a patient with a mxed |ineage

| eukemi a. The cg I dﬁ%&i i fied by density gradient centrifugation
and adherence d ;ﬁﬁzﬁ%{" &.&]rm Wcl&%ﬁ%@g r di NgsLO the

protocol in Exanple ce WETr e I ncubate rent
concentrations ~ o

1622-1626 (1990 Az reéslﬁ#fﬂ‘ &?ﬁéc %?é%?%?%@ﬁc@rg%%n AP are
shown in Figure 41 The densi t estimated is a rOX|nateI
70000 recegtorEFE?é"ﬁA TR R AT AR N cATaTREGTC AR 5 455

CAGATATCAATAGCACAGAAGAAA S19
Intervening sequence of unknown length

CTCTATAACTCATACAAATCACCATATAACACTGACACATTATTG 45
150 160
spSerArgValSerValThrLysProPheMetL
CTTTCTATTTAGATTCCAGAGTCAGTGTCACAAAACCATTTATGT 90
170
euProProValAlaAlaSerSerLeuArgAsnAspSerSerSers
TACCCCCTGTTGCAGCCAGCTCCCTTAGGAATGACAGCAGTAGCA 13s
176
erAsni
GTAATAGTAAGTACATATATCTGATTTAATGCATGCATGGCTCCA 180
ATTAGCACCTATAGGAGTATTGCATGGGCTTTCAAGGAAACTTCT 225
ACATTTATTATTATTGATACTGTTCTGTTACTGTTATTCCTTTTA 270
TGGTCTTCTTGAGACTTAAGTTTGTAGAATTAAATTTCCCTAGAG 3158

CTGGAGATAATGTTTAGAGAATTAGGCCAATAAATTT 352
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15. EXAMPLE 14 Rat SCF Activity on Early
Lynphoi d Precursors The ability of reconbinant rat SCF[err]
(rrSCF[err]), to act synergistically with IL-7 to 20 enhance | ynphoid cell
proliferation was studied in agar cultures of nouse bone marrow. In
this assay, the colonies formed with rrSCF[err] al one contai ned

monocyt es, neutrophils, and blast cell 31/861e the col oni es stinul ated
by I'L-7 alone or in conbination with 25 rrSCFerr] contained primarily
pre-B cells. Pre-B cells, characterized as B220 [err], slg , c[err],
wer e identified by FACK anal ysis of_pooled cells using

fl uorescence-| abel ed anti bogi g6 0 &h Owantigen,g o [gig—zfg d munol .
Rev., 69, Saidefdcramdcroascricacea drfcECrporda@ant d 61
Bi ot echnol ogy Assoc., Bi rmi ngham AL); and. by anal ysis of cytospin
slides for =19 cytopl asnic Lerr] expressiton _using fluorescence-| aisel ed

. : y .- o o Us geng
Fecon nant Ty Rkttt R R R e ere Pt L
I nternational (Westlake Village, CA).2q Wien rrSCF[err]was addeg, i n

conbination withythhe prevBT X L v A N L P XK D ¥ M I T Xx23 -
AATGTAAAAGACGTCACTAAATTGGTGGCAAATCTTCCARAAGACTACATGATAACCCTC 181

0 50
K Y VP G M DV LPS HCUWISTEHMT V.UV
AAATATGTCCCCGGGATGGATGTTTTGCCAAGTCATTGTTGGATAAGCGAGATGGTAGTA 241

60 : 70
Q L §$ bs L TDULULUDI KT F S ¥ I §$ E G L
CAATTGTCAGACAGCTTGACTGATCTTCTGGACAAGTTTTCAAATATTTCTGAAGGCTTG 301

80 . ' 90
S N Y s I 1 D KL V N I V DDILV E C V
AGTAATTATTCCATCATAGACAAACTTGTGAATATAGTGGATGACCTTGTGGAGTGCGTG 361

100 110
K E N § § K DL KX S F K S PEUPZRULTF
AAAGAAAACTCATCTAAGGATCTAAAAAAATCATTCAAGAGCCCAGAACCCAGGCTCTTT 421

. : 120 130
T P E E F F RIVFNU RSTIDA ATFTI KT TDTF V
ACTCCTGAAGAATTCTTTAGAATTTTTAATAGATCCATTGATGCCTTCAAGGACETTGTA 481
140 ' 150
vV A S ET S DCV VS S TTULSUPETKD S
GTGGCATCTGAAACTAGTCATTGTCTCGTTTCT TCAACATTAAGTCCTGAGAAAGATTCC 541
160 : 170
R V S VT K P FMULUPUPUVAASSTULT RN
AGAGTCAGTGTCACAAAACCATTTATGTTACCCCCTGTTGCAGCCAGCTCCCTTAGGAAT 601
180 . 183

D § S S S N S K Y I Y LI -
i GACAGCAGTAGCAGTAATAGTAAGTACATATATCTGATTTAATGCATGCATGGCTCCAAT 661

TAGCACCTATAGGAGTATTGCATGGGCTTTCAAGGAAACTTCTACATTTATTATTATTGA 721
TACTGTTCTGTTACTGTTATTCCTTTTATGGTCTTCTTGAGACTTAAGTTTGTAGAATTA 781

AATTTCCCTAGAGCTGGAGATAATGTTTAGAGAATTAGG - 820
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cell growth factor IL-7, a synergistic increase in
observed (Table 16), indicating a
early B cell progenitors. 5.

col ony formati on was
stinulatory role of rrSCF[err] on
Table 16. Stinulation of Pre-B Cel

Col ony Formation by rrSCF[err] in Conbination with hlL-7 10 Gowth
Factors Col ony Nunber[err] Sal i ne
0 rrSCF[err] 200 ng 32/66 13 2 100 ng
7 4 15 50 ng 4 2 rhiL-7 200
ng 21 + 6 . 100 ng 18
6 50 ng 13 6 25 ng
4 2 20 rhlL-7 200 ng + rrSCF[err] 200 ng 60 O 100 ng +
200 ng 48 8 50 ng + . 200 ng 24 10 25
ng + 200 ng 21 2 25 1 Nunber of colonies per 5 x 10[err]
mouse bone marrovegel | s pl ated. _ Each walue is the nean of 25
triplicate di shésma®sD MXXKTQTWILT CIYLQLLLFN PLVKTEGICR NRVINNVKDV TKLVANLEEKD
Monkey MXXTQTWILT CIYLQLLLFN PLVKTEGICR NRVTNNVKDV TKLVANLEPKD
Dog MRETQTWIIT CIYLQLLLEN PLVKTKGICG KRVTDDVEDV TRLVANLPKD
Mouse MRXTQTWIIT CIYLQLLLFN PLVKTKEICG NPVTDNVKDI TKLVANLEND
Rat MKKTQTWIIT CIYLQLLLEN PLVKTQEICR NPVTDNVEDI TKLVANLEND
Consensus MXKTQTWIiT CIYLQLLLEFN PLVKT.gICr nrVTdnVEKDv TKLVANLPkD
75
Human YMITLKYVPG MDVLPSHCWI SEMVVQLSDS LTDLLDKEFSN ISEGLSNYST
Monkey YMITLKYVPG MDVLPSHCWI SEMVVQLSDS LTDLLDEEFSN ISEGLSNYSI
Dog YKIALKYVPG MDVLPSHCWI SVMVEQLSVS LTDLLDKFSN ISEGLSNYSI
Mouse YMITLNYVAG MDVLPSHCWL RDMVIQLSLS LTTLLDKFSN ISEGLSNYSI
Rat YMITLNYVAG MDVLPSHCWL RDOMVTHLSVS LTTLLDKFSN ISEGLSNYSI
Consensus YmItLkYVpG MDVLPSHCWi s.MVvgLS.S LTJALLDKFSN ISEGLSNYSI
o 125
Human IDRLVNIVDD LVECVKENSS KDLRXSFKSP EPRLFTPEEF FRIFNRSIDA
Monkey IDKLVNIVDD LVECVKENSS KDLRKSFKSP EPRLFTPEEF FRIFNRSIDA
Dog IDKLVKIVDD LVECTEGYSF ENVKRAPKSP ELRLFTPEEF FRIFNRSIDA
Mouse IDKLGKIVDD LVLCMEENAP KNIKESPKRP ETRSFTPEEF FSIFNRSIDA
. Rat IDKLGKIVDD LVACMEENAP KNVKESLKKP ETRNFTPEEF FSIFNRSIDA
Consensus IDKLvkIVDD LVeC.eens. kn.Kks . KsP E.RIFTPEEF FrIFNRSIDA
_ 174
Human FKDF.VVASE TSDCVVSSTL SPEKDSRVSV TKPFMLPPVA ASSLRNDSSS
Monkey FKDF.AVASE TSDCVVSSTL SPEKDSRVSV TKPFMLPPVA ASSLRNDSSS
Dog FKDLETLASK SSECVVSSTL SPDKDSRVSV TKPFMLPPVA ASSLRNDSSS
Mouse FXDF.MVASD TSDCVLSSTL GPEKDSRVSV TXPFMLPPVA ASSLRNDSSS
Rat FKDF.MVASD TSDCVLSSTL GPEKDSRVSV TKPFMLPPVA ASSLRNDSSS
Consensus FKDf.mvAS. tSdCVvSSTL sPeXKDSRVSV TXPFMLPPVA ASSLRNDSSS
224
Human SNRXAXNPPG DSSLHEWAAMA LPALFSLIIG FAFGALYWKK RQPSLTRAVE
Monkey SN B
Dog SNRKASNSIG DSNLQWAAMA LPAFFSLVIG FAFGALYWKX KQPNL
Mouse SN '
Rat SN :
Consensus SNRXKA.N..G DS.L.WAAMA LPA.FSL.IG FAFGALYWKK .QP.L
248
Human NIQINEZDNE ISMLQEKERE FQEV

FIGURE 18



30 35 124 -

EXAMPLE 15. | dentification of the Receptor for SCF A
c-kit is the Receptor for SCFl1 164 5 To test whether SCF1
164 is the ligand for c-kit, the cDNA for the entire nurine c-kit (Qu
et al., EMBO J., 7, 1003-1011 (1988)] was anplified using PCR from
the SCF1 164 responsive mast cell |ine BB/ [ Nabel 10 et al., Nature, 291
332-334 (1981)] with prinmers designed fromthe published sequence. The
| i gand bi ndi ng and transnenbrane domai ns of human c-kit,

-
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2000

3000
2500
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encoded by am no acids 1-549 [Yarden et al., EMBO J., 6, 3341- 3351
(1987)], were cloned using simlar techniques 15 fromthe human

erythrol eukem a cell line, HEL [Martin and Papayannopoul ou, ‘Sci ence,
216, 1233-1235 (1982)]. The c-kit cDNAs were inserted into the

manmmal i an expression vector V19.8 transfected into COS-1 cells, and
menbrane fractions prepared for bindi n@4$€ays using 20 either rat or
human 125[err] according to the nmet hods ‘described in Sections B and C
bel ow. Table 17 shows the data froma typical binding assay. There was

no detectable specific binding of 125[err] human SCF[err] to COs-1 cells
transfected with V19.8 al one. However, 25 COS-1 cells expressing human

reconbi nant c-kit |igand bi ndi ng plus transnenbrane donmains (hckit-LTl) -
did bind 125[err] (Table 17). The addition of a 200 fold nmol ar
excess of unl abelled human SCF[err] reduced bi ndi ng to background
levels. Simlarly,:C0S-1 cells 30 transfected with the full length nurine
c-kit (nckit-LI) bound rat 125 [err]. A small amg@nt of rat
~125[err] binding was detected in COS-1 cells tramsfectants with V19.8
al one, and has also been _ observed in untransfectéd cells (not shown),
indicating 35 that COS-1 a8l s expre it. This finding
is in accord with the brodg cell ri :
- 125 - : g0ty “z
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S
[
5 S
]
= 3 3
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c-kit expression. Rat 125[err] binds simlarly to bot h human and

murine c-kit, while human 125[err] bind with | ower activity to nurine
c-kit (Table 17). This data is consistent with the pattern of SCF[err]
5 cross-reactivity between species. Rat SCF1 164 induces proliferation
of human bone marrow with a specific activity simlar to that of human
SCF[err], while human SCH[err] indk; proliferation of nurine nmast
cells occurs with a specific activity 800 fold less than the 10 rat
pr ot ei n. In summary, these findings confirmthat the
phenotypi c abnormalities expressed by Wor Sl nutant - m ce are the
consequences of primary defects in c-kit receptor/ligand interactions
which are critical for the 15 devel opnent of diverse cell types.

Table 17. SCF1 164 Binding to Reconmbinant c-kit Expressed in COS-1
Cells. 20 . S CPM_Bound[ err]

Pl asmi d : Human SCF[err] & Rat SCB[ err]

Transf ect ed [err]1-SCF[err] [err]lySCF+cold[err] [erE]!l-SCF[err]
[err]l-SCF+cold[err] - Nopy

1,100 550 .
1, 100 V19. 8: ntkit-L1

Sstll
4500
2500

HindIII

FIGURE 19



30 a The average of duplicate nmeasurenents is shown; the experinment

has been independently performed with simlar results three tines.

[err] 1.6 nM human [err]l-SCF[ err] [err] 1.6 nM human [err]l-SCF[ err]
+ 320 nM unl abel | ed hunman SCF[ err] d 1.6 nMrat [err]l-SCFerr] 35 e
1.6 nMrat [err]I-SCFerr] + 320 nMunl abelled rat SCF[err]

- 126 - B. Reconbi nant c-kit Expre%@kﬁﬁ in COS-1 Cells

Human and murine c-kit cDNA cl ones were derived using PCR techni ques

[ Sai ki et al., Science, 5 239, 487-491 (1988)] fromtotal RNA isolated by
an acid phenol / chl or of orm extracti on procedure [ Chontzynsky and

Sacchi, Anal. Birochem, 162, 156-159, (1987)] fromthe human

erythrol eukem a cell line HEL and MC/ 9 cells, respectively. Unique
sequence ol i gonucl eoft Were 10 destgrned—fronrtthe—pubt+shed human and
murine c-kit seqpences. First strand cDNA was synthesijzed fromthe
total RNA according [o-tRe protocol provided with the enzyne, M-MV
reverse transcriptiop (Bekhesda Research Laborat ori es,| Bet hesda, M),
using c-kit antisensg 15 | i gonucl eotides as priners. AnplCfication of

- o —
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over | apping regions of the c-kit |igand binding and tyrosi ne ki nase
domai ns was acconpl i shed using appropriate pairs of c-kit priners.
These regi ons were cloned into the nmanmmal i an expression vector V19.8 20
(Figure 17) for expression in COS-1 cells. DNA sequenci ng of several
cl ones reveal ed i ndependent mut ati ons, presumably arising during PCR
anplification, in every clone. A cBd#66free of these nutations was
constructed by reassenbly of nmutation-free restriction 25 fragnments from
separate clones. Sone differences from t he publi shed sequence appeared
inall or in about half of the clones; these were concluded to be the
act ual sequences present in the cell lines used, and may represent
allelic differences fromthe published 30 sequences. The foll ow ng plasmds:
were constructed in V19.8: V19.8:ntkit-LTl, the entire nmurine c-kit;
and V19. 8: hckit-LI, containing the |igand binding plus
transnenbrane region (am no acids 1-549) of human c-kit. . The
plasm ds were transfected into CCS-1} ceII3235 esgentially as described in
Exanpl e 4. MWx10 7 -¥127 -4 5C.
[err]1-SCF[err] Binding to COS-1 Cells Expressing Reconbi nant c-Kkit
‘200 —
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Two days after transfection, the COS-1 cells 5 were scraped fromthe dish,
washed in PBS, and frozen until use. After thawing, the cells were
resuspended in 10 MM Tris-HA, 1 nM MyCl[err] containing 1 nM PMSF,

100 [err]g/m aprotinin, 25 [err]g/m |leupeptin, 2 [err]g/m pepstatin,
and 200 [err]g/m TLCK-HCO . The suspension was 10 dispersed by pipetting
up and down 5 tines, incubated on i38/66or 15 minutes, and the cells
wer e honogeni zed with 15-20 strokes of a Dounce honobgeni zer. Sucrose
(250mMV) was added to the honobgenate, - and the nuclear fraction and
resi dual undisrupted cells were pelleted by 15 centrifugation at 500 x g
for 5 mn. The supernatant was centrifuged at 25,000 g for 30 mn. at
4[err]C to pellet the remaining cellular debris. Human and rat SCF[ err]
wer e radi oi odi nated using chloramne-T [Hunter and G eenwood, . Nature,
194, 495-496 (1962)]. COS-1 nmenbrane 20 fractions were incubated with

ei ther human or rat [err]I-SCF[err] (1.6nM with or without a 200 fold
nol ar excess of unlabelled SCF[err] in binding buffer consi sting of
RPM suppl emented with 1% bovi ne serum al bum n and 50 nmM HEPES (pH 7. 4)
for 1 h at 22[err]C. At 25 the conclusion of the binding incubation, the
menbr ane preparatiops weresgengly dq ayerg@d opto 850 | \N]xlt of

pht hal ate oil and centrifuged for 20 mnutes in a Beckman "M crof uge 11
to separate nenbrane bound " Jerr]1-SCFerr] fromfree [err]l-SCFerr].
The pellets were 30 clipped off and nmenbrane associated [err]|-SCF[err]
was quanti t at ed. :

N — 43
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35 - 128 - -
EXAMPLE 16 | sol ation of a Human SCF cDNA A
Construction of the HT-1080 cDNA Library 5 Total RNA was

i solated from human fibrosarcona cell line HT-1080 (ATCC CCL 121) by
the aci d guani di ni um t hi ocyanat e- phenol - chl or of orm extracti on net hod

[ Chontzynski et al., Anal. Biochem 1639/666 (1987)], 10 and poly(A) RNA
was recovered by using oligo(dT) spin col um purchased from C ont ech.
Doubl e- st randed cDNA was prepared from2 [err]g poly(A) RNAwith a BRL
(Bet hesda Research Laboratory) CDNA synthesis kit under the
condi ti ons recomended by the supplier. Approximately 15 100ng of col um
fracti onated doubl e-stranded cDNA with an average size of 2kb was
ligated to 300ng Sal I/ Not | di gested vector pSPORT 1 [D Alessio et al.,
Focus, 12, 47-50 (1990)] and transforned into DH5a (BRL, Bethesda,

MD) cells by electroporation [Dower et al., Nucl. Acids 20 Res., 16,
6127-6145 (1988)].

MWx10 3 1 2 3 4 5 6 7 8 S 10
200 —
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B. Screening of the cDNA Library Approximately 2.2 x
10[err] primary transformants 25 were divided into 44 pools with each
cont ai ni ng -5000 i ndi vi.dual clones. Plasm d DNA was prepared from each
pool- by the CTAB-DNA precipitation. nethod as descri bed [ Del Sal et

al., Biotechniques, 7, 514-519 (1989)]. Two m crograns of each plasmd
DNA pool was digested with 30 restri-cti4gQi6énzynme Not| and separated by gel
el ectrophoresis. Linearized DNA was transferred onto GeneScreen Pl us
menbrane (DuPont) and hybridi zed with [err] P-1abel ed PCR generated
human SCF cDNA (Exanpl e 3) under conditions previously described [Lin
et al., Proc. 35 Natl. Acad. Sci. USA, 82, 7580-7584 (1985)]. Three

pool s cont ai ni poSTtTVve Srgmar _Wwere rdentttried 1rom
- 129 - t he hybridi zati on. These pools of col onies weye rescreened
by the col ony-hybridization procedure [Lin et al., Gene 44, 201- 209
(1986)] until @& single col ony Qe R g0l . The cDNA
sizes of these|5 three isolated cl { 5. 4 kb.
Restriction engyne digestions and n
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determnation at the 5 end indicate that two out of the t hree cl ones

are identical (10-la and 21-7a). They both contain the coding region and
approxi mately 200bp of 5 10 untranslated region (5 UTR). The third cl one
(26-1la) is roughly 400bp shorter at the 5 end than the other two

cl ones. The sequence of this human SCF cDNA is shown in Figure 42. O
particular note is the hydrophobic 41 6menbr ane domai n sequence
starting in the region of 15 am no acids 186-190 and endi ng at am no acid
212. C. Construction of pDSRa2 hSCF[ err] pDSRa2
hSCF[err] was generated using ; as@descri bed in Exanpl e
16B) and pGEM3 hSCF[ err] ‘ : The Hndl Il insert from pGEMB
hSCF[err] was transferred , egti des i medi atel y
upstream of the ATG initiatio i site directed

mut agenesis fromtttcctt ATG t 0 ifng the antisense

ol i gonucl eoti de ] CGG CAACCT T 3

and the oligonucl eotide-direc i [ mut dgenesi g system kit and
protocol s from Aner sham Cor p. : pR8 h [err]. This

DNA: was di gested 30 with HindlFl and in pDSRa2 whi ch had been
digested with Hndlll. This clone is d gea29 hSCF[err]. DNA
from pDSRa2 hSCF[err] was di ggsted. rd 3he DNA nade bl unt

ended by the addition of Kl enow en; yrre ana f o dNTPs. Fol | owi ng
termnation 35 of this reactipn the (DN

enzyne Spel. Clone 10-la was digested
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- 130 - generate a blunt end 3' to the open reading frane in the

insert and with Spel which cuts at the sane site within the gene in
both pDSRa2 hSCF[err] and 10-la. These DNAs were |ligated together to
generate pDSRa2 5 hSCF[err] D. Transfection and i mmunopreci pitation
of COS cells wi th pDSRa2 hSCF[err] DNA. 10 COs-7 (ATCC CRL
1651) cells were transfected with E66onst ructed as descri bed above.
4x10[err] cells in 0.8 M DVEM + 5% FBS were el ectroporated at 1600 V
W th either 10 [err]g pDSRa2 hSCF[err] DNA or 10 [err]g pDSRa2
vector DNA (vector control). Followi ng electroporation, 15 cells were
replated into two 60-nm di shes. After 24 hrs, the medium was repl aced
with fresh conplete medi um 72 hrs after transfection,
each di sh was | abel l ed wi th 35S-nedi um according to a nodification of
20 the protocol of Yarden et al. (PNAS 87, 2569-2573, 1990). Cells
wer e washed oncej{with PBS and then —
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i ncubated with nethionine-free, cysteine-free DVEM (met cys DMEM for

30 mn. The nediumwas renoved and imM met cys DMEM containing 100
[err]Ci/m Tran[err]S-Label 25 (ICN) was added to each dish. Cells were
i ncubat ed at 37[err]C for 8 hr. The nmedi um was harvested, clarified
by centrifugation to renove cell debris and frozen at -20[err] C
Aliquots of |abelled conditioned nmedi ug3ka30 COS/ pDSRa2 hSCF[err] and
COs/ pDSRa2 vector control were I mmunopreci pitated al ong with nmedi um
sanpl es of [err] S-1abell ed CHO pDSRa2 hSCF[err] clone 17 cells (see
Exanpl e 5) according to a nodification of the protocol of Yarden et al.
(EMBO, J., 6, 3341-3351, 1987). One nl 35 of each sanple of conditioned
mediumwas treated with 10 [err]] of pre-inmune rabbit serum (#1379
P.1.). Sanples © - 131 - wer e
I ncubated for 5 h. at 4[err]C. One hundred mcroliters of a 10%
suspensi on of St @gphytococcus—aureus—{Parmsorbim; €atdtrochem ) in 0.15 M
NaCl, 20 nM Tris|pH 7.5, 0.2% Triton X-100 was added tp eachi t ube.
Sanples were 5 jncubated {FEEREEEZENEEEE ST per 11 G| | mune
conpl exes were pel|l et ed by s | for=p mn.
Supernatants wer ¢ [[TansT er KR B-d Rith 5 [err]l
rabbit pol ycl onal anti ser uSSEEE— ' & o
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(#1381 TB4), purified as in Exanple 11, against CHO 10 derived hSCF[err]

overnight at 4[err]C. 100 ul Pansorbin was added for 1 h. and i nmune
conpl exes were pelleted as before. Pellets were washed Ix with lysis
buffer (0.5% Na- deoxychol ate, .0.5% NP-40, 50mM NaCl, 25 nM Tris pH
8), 3x with wash buffer (0.5 MNadl, 20 MM Tris 15 pH 7.5, 0.2% Triton
X-100), and Ix with 20 M Tris - pH 748/66Pellets were resuspended in 50
[err]] 10 MM Tris pH 7.5; 0.1% SDS, 0.1 M B-nercapt oet hanol. SCF
protein was eluted by boiling for 5 mn. Sanples were centrifuged
at 13,000 x g for 5 mn. and supernatants 20 were recover ed.

Treatnent with gl ycosi dases was acceirpl i shed as follows: three
mcroliters of 75 mM CHAPS cont afini r&g m 1x»n6 nmJ 0-gl ycanase, 0.5 U

N- gl ycanase, and 0.02 U neur m s added to 25 [err]l of inmune
conpl ex 25 sanpl es and incubate t 37[err}C. An equal vol ume
of 2xPAGE sanpl e buffer was add a s were boiled for 3 mn.

Di gested and undi gested sanpl es r e ctrophoresed on a 15%

SDS- pol yacryl am de r educi ng e |g‘Ht at 8 mA. The gel was fixed in

30 nethanol -acetic acid, treat
30 mn., dried, and exposed to

ht eni ng enhancer (NEN) for
filmat -70[err]. o

Fi gure 43 shows the autoradi ogr results. Lanes 1 an§ 2 are
sanpl es fromcontrol 35 COS/ pDS 2 | anes 3 and 4 from
COS/ pSRa2hSCF[ er r —+eares R §
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- 132 - hSCF[err] Lanes 1, 3, and 5 are undi gested inmune
precipitates; lanes 2, 4, and 6 have been digested with gl ycanases as
descri bed above. The positions of the nol ecul ar wei ght markers are
shown on the left. 5 Processing of the SCF in COS transfected with pDSRa2
hSCFK[ err] closely resenbles that of hSCFerr] secreted from CHO
transfected with pDSRa2 hSCF[err], 485HGnple 11). This strongly suggests
t hat the natural proteol ytic processing site releasing SCF fromthe
cell 10 is in the vicinity of amno acid 164.

EXAMPLE 17 Quaternary Structure Anal ysis of Human SCF. 15

Upon calibration of the gel filtration colum (ACA 54) described in
Exanple 1 for purification of SCF fromBRL cell mediumw th nol ecul ar
wei ght st andards, and upon elution of purified SCF from ot her

cali brated gel filtration colums, it is evident that SCF purified 20
from BRL cell medi um behaves with an a@parent nol ecul ar wei ght of
approxi mately 70, 000-90, 000 relative tQ the nol ecul ar wei ght standards.
In contrast, the apparent nnleéhla& wei ght by SDS- PACE i s approxi mately
28, 000- 35,000. Wiile it is regognized that glycosylated 25 proteins
may behave anomal ously in such analfyse$, the results suggest that the
BRL- derived rat SCF nay exi st
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as non-coval ently associ ated di mer under non-denaturing condi ti ons.
Simlar results apply for reconbi nant SCF forms (e.g. rat and human
SCF[err] derived fromE. coli, 30 rat and hunman SCF[ err] derived from CHO
cells) in that the nol ecul ar size estimated by gel filtration under
non-denat uring conditions is roughly tw ce that esti mated by gel
filtration under denaturing conditions 46/68i.e., presence of SDS), or by
SDS- PAGE, in each 35 particular case. Furthernore sedinentation velocity.
anal ysi s, which provides an accurate determ nation of

- 133 - nmol ecul ar wei ght in solution, gives a val ue of about
36, 000 for nol ecR4arrwWerghr—ofE——Toti—~=derved reconbrant—huren
SCF[errr] This vapuye is again approximately twi ce that seen by
SDS- PAGE (- 18, oog% [5 19,000). Therefore, while it ig recognized th t here
may be nultlple <?g}oneric states (including the nononeri c stat It
appears that the WBreric state predom nat es unde sone ciT cunst n‘es I n
sol uti on. 18 16 EXAMPLE 18 -] ~~ ..e__"ls | ation
of Human SCF Plones e
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fromthe 5637 Cell Line A. Construction of the 5637 cDNA Library 15
Total RNA was isolated from human bl adder carcinoma cell line 5637
(ATCC HTB-9) by the acid guani di ni um t hi ocyanat e- phenol - chl or of orm
extraction met hod [ Chontzynski et al., Anal. Biochem 162, 156 20
(1987)], and poly(A) RNA was recovered by using an ol i go(dT) spin

col um purchased from C ontech. Doubl e-47/66 stranded cDNA was prepared from
2 [err]g poly(A) RNA with a BRL cDNA synthesis kit under the conditions
recommended by the supplier. Approximately 80 ng of colum 25

fracti onated doubl e-stranded cDNA with an average size of 2 kb was

| igated to 300 ng Sall/Notl digested vector pSPORT 1 [D Alessio et al.,
Focus, 12, 47-50 (1990)] and. transforned into DH5a cel |l s by

el ectroporation [ 6T al ., NICI —ACI 05 RES 166127 6145+(4988) ] .
30 B. Screening gf the cDNA Library Approximately 1. 5 x
10[err] primary tranfformants were divided into 30 pools with each
cont ai ni ng 35% ap{@@x matel y 5000 i ndividual clones. Plasm d DNA was
pr epar ed 'fromgeach pq?ol by the CTAB-DNA pr eci'Fi tation
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- 134 - met hod as described [Del Sal et al., Biotechniques, 7,
514-519 (1989)]. Two m crograns of each plasm d DNA pool was di gested

wWith restriction enzynme Notl and separated by gel el ectrophoresis.
Linearized DNA was 5 transferred to GeneScreen Plus nenbrane (DuPont) and
hybridi zed with 32P-1abeled full |ength human SCF cDNA I sol ated from
.HT1080 cell line (Exanple 16) under th ggondi tions previously described
[Lin et al., Proc. Natl. Acag \ 827 £580- 7584 (1985)]. Seven
pool s 10 contai ning po A Lo eirg il fromthe

hybridi zati on. The pool %R eened L4 th [err]p-labeled

PCR gener at ed human SGEs
procedur e [Lin et
col ony was obtained fri§
| sol ated clones are ap§
and nucl eoti de seqgi
that the four clones S e _ ST
shown in Figure 44. T fyypepti de in
whi ch am no aci ds R - : o g

a single Gy resig R U . o
SCF Enhancerent of Surj. . - R e di ati on.
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A. SCF in vivo activity on Survival After Lethal 30 Irradiation.

The effect of SCF on survival of mce after | et hal irradiation was
tested. Mce used were 10 to 12 week-ol d femal e Bal b/c. G oups of 5
mce were used in 35 all experinents and the mce were nmatched for body
wei ght within each experinment. Mce were irradiated at

- 135 - 850 rad or 950 rad in a si4@l&h dose. Mce were injected
with factors alone or factors plus normal Bal b/c bone marrow cells. In
the first case, mce were injected i ntravenously 24 hrs. after

irradiation with rat PEG 53SCF[err] (20 [err]g/kg), purified fromE coli

and nodified , by the addl_i-l on of 1pol yes hyl gene gbycol 3@s i n3diExarrpI e 12,
m ce were

or with saline for contr ol ‘%ml mal,s. Far t tr spl
injected i.v. with ya “ (r)ﬁ._ 23 b/c ne:}farrow4
hours after 1Q. .irrg Tats =G SCF A

performed by addimg  f % o to
suspensi on 1 B&dr Lnj Skt 14
i njection.of Razt-e+§

rads, mce wer:scla1 §
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15 injected with rat PEG SCF[err] or saline. The results are shown in
Figure 45. Injection of rat PEG SCF1 164 significantly enhanced the
survival time of mce conpared to control aninmals (P<0.0001). Mce

i njected wi th saline survived.an average of 7.7 days, while rat 20

PEG SCF[err] treated mce survived an average of 9.4 days (Figure 45).
The results presented in Figure 45 3@fgesent the conpilation of. 4 -
separate experinments with 30 mice in each treatnment group.

The increased survival of mce treated wth 25 rat PEG SCF1 164 suggests
an effect of SCF on the bone marrow cells of the irradi ated aninals.
Prelim nary studi es of--the hematol ogi cal paraneters of these ani mals
show slight increases in platelet |evels conpared to control animals at
5 days post irradiation, however at 7 30 days post irradiation the

pl atel et | evels are not significantly different to control animals. No
differences in RBC or \\BCdexels V\!lQp_[)e cellularity have been
detected.. 35 \ e 136 - B. Survival
of transplanted mce treated with SCF
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Doses of 10% femur of nornal Bal b/c bone marrow cells transplanted into
mce irradiated at 850 5 rad can rescue 90% or greater of animals (data
not presented). Therefore a dose of irradiation of 850 rad was
used with a transplant dose of 5% fenur to study the effects of rat
PEG SCF[err] on survival. At this cell dose it was expected that a

| ar ge percentage of mce not 10 receivi 6@{? woul d not survive; if rat

PEG SCF[ err] could stimulate the transplanted cells there m ght be an
increase in survival. As shown in Figure 46, approxi mately 30% of
control mce survived past 8 days post irradiation. Treatnent with rat
PEG SCF1 164 15 resulted in a dramatic increase of survival with greater

t han 95% of these mc& surviving out to at |east 30 days (Figure 46).
The results presenteddn FEgure 46 represent the conpilation of results
from4 separate exjper i BRENt S representl ng-2Q, mge in both the coptrol
and 20 rat PEG &CF1 164 §r§ét ed i cE A hi ggser gose,s 07 J.Errazdg at ] pn
treatment of mce W|th t*’PE@Sd—J[err] i'n conj tlonthh narrow
transplant al so’re n i ncreased survival; 0 47) . Control

mce irradi ateds2 — “9‘50 rads and transpl ant ed a femur were
25 dead by day 8/ ke approxi matel y 40%of nices: - il L AT
PEG SCF[err] suf'vivel '_',j d % or longer. 20% ~.qf m'&?e
transplanted with 208 1 ;B € mur survi ved past hi f/g: 80% of

rSCF treated ani fetsi
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8-week old fermale BALB/c mce (Charles River, 35 WImngton, MA) were

i njected subcutaneously with 20 [err]g of human SCF[err] expressed from
E. coli in conplete - 137 -

Freund's adjuvant (H37-Ra; Difco Laboratories, Detroit, M). Booster

i mmuni zations of 50 [err]g of the sanme antigen in Inconplete Freund's
adj uvant were subsequent |y adm ni st52/&®6 on days 14,38 and 57. Three 5
days after the last injection, 2 mce were sacrificed and their spl een
cells fused with the sp 2/0 nyel ona | ine according to the procedures
descri bed by Now nski et al., [Virology 93, 111-116 (1979)].

The nedi a used f.or cell culture of sp 2/0 and 10 hybridoma was Dul becco's
Modi fied Eagle's Medi um ( DVEM , (G bco, Chagrin Falls, Onio)

suppl emented with 20% heat inactivated fetal bovine serum (Phibro
Chem, Fort Lee, ==NR==11%&p/ M(Spdkdm{dyHivate, 100 W m penicillin
and 100 ncg/ M streptonycin (G bco). After cell fusion 15 hybrids were
sel ected in HAT nedium the above nedi um cont ai ning 10 4M

hypoxant hi ne, 4xl| 8@[6”] M anbnopt erin @nd éxlo [err]M thym dine, for
two weeks, then tured in< medi agcont ai ni ng hypoxant & and t hym di ne
for two weeks‘f,,,.‘.‘,,rrrrﬁ, v
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20 Hybri domas were screened as foll ows: Pol'ystyrene wells
(Costar, Canbridge, MA) were sensitized with 0.25 [err]g of human
SCF[err] (E. coli) in 50 [err]l of 50 nM bi carbonate buffer pH 9.2 for
two hours at roomtenperature, then overnight at 4[err]C  Plates were
25 then blocked with 5 BSA in PBS for 30 minutes at room t enper at ur e,
then incubated with hybridoma culture 53/66upernatant for one hour at
37[err]C. The solution was decant ed and the bound anti bodi es i ncubat ed
with a 1:500 di lution of Goat-anti-nouse |gG conjugated with Horse 30
Radi sh Per oxi dase (Boehringer Mannhei m Bi ochem cal s, | ndi anapolis, IN)
for one hour at 37[err]C. The plates were washed wi th wash sol ution
(KPL, Gaithersburg, MD) then devel oped with mxture of Herr]O[err] and
ABTS (KPL). Col orinmetry was conducted at 405 nm 35

Hybri doma cell cultures secreting anti body specific for human SCF[err]
(E coli) were tested§b¥_ OL X} NAdD o/OW - 138 -

ELI SA, sane as hybri dona screeni ng procedures, for crossreactivities to
human SCF[err] (CHO . Hybri domas were subcloned by limting dilution

met hod. 55 wel |ls of hybri doma supernatant tested strongly positive to
human 5 SCF[ err] &E. COlCiD); 9 (L)[]; theng)crossreacted to human
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SCF[err] (CHO. Several hybridoma cells have been cloned as foll ows:
10 Manoclone 1gG lsotype Reactivity to human SCFerr] (CHO 4Gl2-13
| gGlL No 6COA | gGlL No 8H7A
| gG1 Yes 15 Hybridomas 4Gl2-13 and 8H7A were deposited
with the ATCC on Septenber 26, 1990. 20 Whil e the
present invention has been described 54/66terns of preferred enmbodi ments,
it is understood that variations and nodifications will occur to those
skilled 25 in the art. Therefore, it is intended that the appended
clainms cover all such equival ent variations which cone wi thin the scope
of the invention as cl ained. _ The features disclosed in the
foregoi ng 30 description, in the following clains and/or in the

acconpanyi ng drawi ngs nmay, both separately and in any conbi nation

thereof, be material (f ar Cepl i K9 NG hegi/mgngion in diverse forns

t her eof .
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35 NEW PAGE. 138A Hul 64SCF17 was
deposited with ATCC on 25 Septenber 1990 under nunber CLR10557, 4G 12-13
was deposited with ATCC on 26 Septenber 1990 under nunber HB10561, 8H7A was
deposited with ATCC on 26 Septenber 1990 under nunber HB 10560, V19.8 was
deposited with ATCC on 13 Cctober 1989 under nunber 68124 and HuGenl - Human
SCF was deposited on 13 October 1989 unfi§/6@Gunber 40681.
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1. A non-naturally-occurring pol ypeptide havi ng an am no acid sequence
sufficiently duplicative 5 of that of naturally-occurring stemcell factor
to all ow possessi on of a henat opoi etic biological activity of

natural ly occurring stemcell factor. 2. Apurified

pol ypeptide conprising 10 naturally-occurring stemcell factor.

3. A polypeptide according to Claim1 d56/66 wherein said pol ypeptide is

t he product of procaryotic or eukaryotic expression of an exogenous DNA
sequence. 15 4. A polypeptide according to Claim3

wherein said pol ypept ide is the product of CHO cell expr essi on. 20

5. A polypeptide according toglaim3 ereign the exogenous BNA
sequence is a cDNA sequence. 6. "A pol ypepti fe ac?ordl né to

Claim1l or 2 0 €| nosal dsbom colltactof | s human st factor.
25 R i Ly e W
exogenous DNA sequel¥e is a genom ¢ DNA sequence.

§7.4 —
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30 8. A polypeptide according to Caim3 wherein the

exogenous DNA sequence is carried on an aut ononously replicating DNA
plasm d or viral vector. 35 9. A
pol ypeptide according to Caim1l possessing part or all of the am no
aci d sequence of human stemcell factor as set forth in Figure 15B
"Figure 15C, Figure 42 or Figure 44 or &f/6Gturally- 5 occurring allelic
vari ant thereof. 10. A polypeptide according to Caiml
whi ch has ap,in vivo biological acthvity of naturally- occurring
stemcell factor. 10 : 11. A polypeptide accogding to Caim1l
whi ch has anai[ vitro biological activity of naturallyﬂ occurring
stemcel | factof '
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15 12. A polypeptide according to Claim1 or 2 further

characterized by being coval ently associ ated with a detectabl e | abel
13. An isol ated DNA sequence for use in 20

subst ance.

securing expression in a procaryotic or eukaryotic host cell of a

pol ypepti de product having an am no acid sequence sufficiently
duplicative of that of naturally- ing stemcell factor to allow
possessi on of a henmat opoi eti c biol oglical activity of naturally

occurring 25 stemcell factor, said DNA sequence sel ected from anong:

(a) DNA sequences set out in Figure 14B, Figure 14C, Figure 15B, Figure
15C, Figure 42, Figure 44, or their conplenentary strands;

(b) DNA sequences which hybridize to the DNA 30 sequences defined in (a) or
fragnents thereof; and (c) DNA sequences which, but for the
degeneracy of the genetic code, would hybridize to the DNA sequences

defined in (a) and (b). 35
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- 141 - 14. A procaryotic or eukaryotic host cell
transforned or transfected with a DNA sequence accordi ng to daimi13 in
a manner allow ng the host cell to express-sai d pol ypeptide product. 5
15. A polypeptide product of the expression of a DNA sequence of Caim
13 in a procaryotic . or eukaryotic host cell. 10 16. An

| sol at ed DNA sequence coding for pProgaggotic or eukaryotic host
expression of a pol ypepti de having an am no acid sequence sufficiently
duplicative of that of naturally occurring stem cell factor to allow
possession of a henatopoietic biological 15 activity of naturally-occurring

stemcell factor. 17. A cDNA sequence according to Claim
16. CCGeCTCaEsT EWW&WWEGT@F%m 181
19. A DNA seguence accord R N T—— DNA se uence
codes for TR RCeraar s AeAatr At cerart b R AR R TC
accor di ng £, 0 Al 18 80 cceACACEACTGTTIG T TGGATCEEAGSGETGECTTTECTT | 183

-25 -20
Met Lys Lys Thx Gln Thr Trp Ile Leu Thr Cys Ile Tyr Leu Gln
ATG AAG AAG ACA CAA ACT TGG ATT CTC ACT TGC ATT TAT CTT CAG 228

~14Q 1
Leu Leu Leu Phe Asn Pro Leu Val Lys Thr Glu Gly Ile Cys Arxg
CTG CTC CTA TTT AAT CCT CTC GTC AAA ACT GAA GGG ATC TGC AGG 273

| 10 - 20
Asn Arg Val Thr Asn Asn Val Lys Asp Val Thr Lys Leu Val Ala
AAT CGT GTG ACT AAT AAT GTA AAMA GAC GTC ACT AAA TTG GTG GCA 318

- ‘ 3qQ
‘Asn Leu Pro Lys Asp Tyr Met Ile Thr Leu Lys Tyr Val Pro Gly
AAT CTT CCA AAA-GAC TAC ATG ATA ACC CIC AAA TAT GIC CCC GGG 363

T 40 540
Met Asp Val Leu Pro Ser His Cys Trp Ile Ser Glu Met Val Val
ATG GAT GTT TTG CCA AGT CAT TGT TGG ATA AGC GAG ATG GTA GTA 408

60
Gln Leu Ser Asp Ser Leu Thr Asp Leu Leu Asp Lys Phe Ser Asn
CAA TTG TCA GAC AGC TTG ACT GAT CTT CTG GAC AAG TTT TCA AAT 453

U]

70 840
Ile Ser Glu Gly Leu Ser Asn Tyr Ser Ile Ile Asp Lys Leu Val
ATT TCT GAA GGC TTG AGT AAT TAT TCC ATC ATA GAC AAA CTT GTIG 498

90
Asn Ile Val Asp Asp Leu Val Glu Cys Val Lys Glu Asn Ser Sex
AAT ATA GTG GAT GAC CTT GTG GAG TGC GTG AAA GAA AAC TCA TCT 543

100 110
Lys Asp Leu Lys Lys Ser Phe Lys Ser Pro Glu Pro Arg Leu Phe
AAG GAT CTA AARA AAA TCA TTC AAG AGC CCA GAA CCC AGG CTC TTT 588

120

Thr Pro Glu Glu Phe Phe Arg Ile Phe Asn Arg Ser Ile Asp Ala
ACT CCT GAA GAA TTC TTT AGA ATT TTT AAT A TCC ATT GAT GCC 633

FIGURE 42



I ncl udi ng one or nore codons preferred for expression in E. coli cells.

30

21. A DNA sequence according to Caim 16 havi ng t he

sequence set out in Figure 15B, Figure 15C Figure 42 or Figure 44.
22. A DNA sequence according to Claim16 and 35 including one or nore
codons preferred for expression in 6east cells.

- 142 -

23. A DNA sequ6 Basaccording to Caim1l16

coval ently associated with a detectable |abel substance.
24. A DNA sequence coding for a polypeptide 5 fragnent or polypeptide

anal og of naturally-occurring stemcell factor_- said anal og possessing
a hemat opoi etic bi ol ogi cal activity of naturally occurring stem cel
factor. 25. 120 DNA sequence as in Caim24 codingiker

Phe Lys Asp Phe Val Val Ala Ser Glu Thr Ser Asp Cys Val val
TTC AAG GAC TTT GTA GIG GCA TCT GAA ACT AGT GAT TGT GTG GTT 678

150
Sexr Sar Thr Leu Ser Pro Glu Lys Asp Ser Arg Val Ser Val Thr
TCT TCA ACA TTR AGT CCT GAG AAA GAT TCC AGA GTC AGT GTC ACA 723

160 170
Lys Pro Phe Met Leu Pro Pro Val Ala Ala Ser Ser Leu Arg Asn

AAA CCA TTT ATG TTA CCC CCT GIT GCA GCC AGC TCC CTT AGG AAT 768

180
Asp Ser Ser Ser Ser Asn Axg Lys Ala Lys Asn Pro Pro Gly Asp
GAC AGC AGT AGC T AAT AGG AAG GCC AAA AAT CCC CCT GGA GAC - 813

190 | 200
Ser Ser Leu His Trp Ala Ala Met Ala Leu Pro Ala Leu Phe Ser
TCC AGC CTA CAC TGG GCA GCC ATG GCA TTIG CCA GCA TTG TTT TCT 858

. 210
Leu Ile Ile Gly Phe Ala Phe Gly Ala Leu Tyr Trp Lys Lys Arg
CTT ATA ATT GGC TTT GCT TTT GGA GCC TTA TAC TGG AAG AAG AGA 943

- 220 230
Gln Pro Ser Leu Thr Arg Ala Val Glu Asn Ile Gln Ile Asn Glu
CAG CCA AGT CTT ACA AGG GCA GTT GAA AAT ATA CAA ATT AAT GAA 948

2440
Glu Asp Asn Glu Ile Ser Met Leu Gla Glu Lys Glu Arg Glu Phe
GAG GAT AAT GAG ATA AGT ATG TTG CAA GAG AAA GAG AGA GAG TTT 993
248
Gln Glu Val End
CAA GAA GTG TAA_ TTGTGGCTTGTATCAACACTGTTACTTTCGTACAT 1040

. TGGCTGGTAACAGTTCATGTTTGCTTCATAAATGAAGCAGCTTTAAACARATTCATATTC 1100

TGTCTGGAGTGACAGACCACATCTTTATCTGITCTTGCTACCCATGACTTTATATGGATG 1160
ATTCAGAAATTGGAACBGA#TGTTTIAC&GTGAAACTGGCACTGAAETAAECAECTASAAA 1221
GAAGAACTTGCAIGGAGCAGGACTCTATTTTAAGGACTGCGGGACTTG&GTCTCAITTAGA 1282
ACTTGCAGCTGATGTTGGAAGAGAAAGCACGT TCTCAG}CTGCATGTACCATTTGCATGG 1343

CTCCAGAAATGTCTAAATGCTGAAAAAACACCTAGCTTTATTCTTCAGATACAAACTGCAG 1404

FIGURE 42 cont.



met hi onyl stemcell factor. 10 26. A biologically functional

pl asm d or viral DNA vector including a DNA sequence according to

Cl ai m 16. 15 27. A procaryotic or eukaryotic host cel

stably transformed or transfected with a DNA vector according to Caim
26. 28. A polypeptide product of the expression 20.in a
procaryotic or eukaryotic host cell of Gl/BG6A "sequence according to

Cl ai m 16. 29. A polypeptide having part or all of the

am no acid sequence as set forth in Figure 15C, 25 Figure 42 or Figure 44
and having one or nore of the in vitro biological activities of

natural | y-occurring stemcell factor. 30. A pol ypeptide
having part or all of the 30 s con§$ry conﬂprna on gf naturally-occurring
stem cel | factor and having or all_of the am no acid sequence

set forth in Figure 15C, Flgure\42f' ‘Flgﬂ?e 44 and- havi ng a

bi ol ogi cal property of naturally-occurring human stem cell factor

29.1 —

18.1 —

14.4 —

58 —
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- 143 - 31. A process for the production of stem cel

factor conpri sing: grow ng, under suitable nutrient

condi tions, procaryotic or eukaryotic host cells transfornmed or 5
transfected with a DNA according to Caim13, and I sol ating
desired pol ypeptide products of the expressi on of DNA sequences in said
vect or. 32. A conpositiGRyYétonprising a purified and 10

i sol ated human stemcell factor free of association with any human
protein in glycosylated or nonglycosylated - form 33. A
phar maceuti cal conposition conprising 15 an effective anount of a

pol ypepti de according to Caim1 and a pharnmaceutical |l y-acceptabl e

di | uent, adj uvant or carrier. AGCAGHSACAGREGAGRGERTGC TEEAENt  Gfy

Leucopenia in a 20 nmammal conprising adm nistering a therapeutically
effecti ve aBHIMAQIICAATSCHOEGRCPATERECAECCFENIRT CCICCARTRIGERFIAGCTCCAG 99

AACAGCTAMACGGAGTCGCCACACCACTGTTTGTGCTGGATCGCAGCGLTGTSCTTTCCTT 150

=25 -20
Met Lys Lys Thr Gla Thr Trp Ile Leu Thx Cys Ile Tyr Leu Gln
ATG AAG AAG ACA CAA ACT TGG ATT CTC ACT TGC ATT TAT CTT CAG 195

-10 1
Leu Leu Leu Phe Asn Pzo Leu Val Lys T Glu Gly Ile Cys Axg
CTG CTC CTA TTT AAT CCT CTC GTC AAA ACT GAR GGG ATC TGC AGG 2449

10 20
Asn Arg Val Thr Asn Asn Val Lys Asp Val Thr Lys Leu Val Ala

"AAT CGT GTG T AAT AAT GTA AAA GAC GTC ACT AAA TTG GTG GCA 28s

: 30 _
Asn Leu Pro Lys Asp Tyr Met Ile Thr Leu Lys Tyr Val Pro Gly
AAT CTT CCA AAA GAC TAC ATG ATA ACC CTC AAA TAT GTC CCC GGG 330

40 . sQ
Met Asp Val Leu Pro Ser Eis Cys Trp Ile Ser Glu Met Val Val
ATG GAT GTT TTG CCA AGT CAT TGT TGG ATA AGC GAG ATG GTA GTA 375

60
Gln Leu Ser Asp Ser Leu Thr Asp Leu Leu Asp Lys Phe Ser Asn
CAA TTG TCA GAC AGC TTG ACT GAT CTIT CTG GAC AAG TTT TCA AAT 420

70 _ 80
Ile Ser Glu Gly Leu Ser Asn Tyr Ser Ile Ile Asp Lys Leu Val
ATT TCT GAA GGC TTG AGT AAT TAT TCC ATC ATA GAC AAA CTT GIG 465

80
Asn Ile Val Asp Asp Leu Val Glu Cys Val Lya Glu Asn Ser Ser
T ATA GTG GAT GAC CTT GTG GAG TGC GTG AAA GAA AAC TCA TCT 510

100 110
Lys Asp Leu Lys Lys Ser Phe Lys Ser Pro Glu Pro Arg Leu Phe
AAG GAT CTA AAA AAA TCA TTC AAG AGC CCA GAA CCC AGG CTIC TTT 555

120

Thr Pro Glu Glu Phe Phe Axg Ile Phe Asn Arg Ser Ile Asp Ala
ACT CCT GAA GAA TTC TTT AGA ATT TTT AAT AGA TCC ATT GAT GCC 800

Figure 44



35. A nmethod for treatnment o 25 thronbocytopenia in a manmmal conpri sing

adm ni stering a t herapeutically effective anmount of the pol ypeptide
according to Caim1l. 36. A nmethod for treating anema in
a mammal 30 conprising admnistering a therapeutically effective

anount of the pol ypeptide according to Caim1l. A

met hod for enhanci ng engraftnent of 636t marrow during

transpl antation in.a nmamml 35 conprising adm nistering a therapeutically
effective anount to the pol ypeptide according to daiml.

1 1 MAY 1999 .Substitute sheet - 10/5/99

-143a .- Use of a po eptide according to any one of Caijg 1 to 12

for the rra ai f e glicaa[nemaf QL-téRatMENseef ALSUEPPERL R 4} A
manmal . aéﬁz a*@ YPepid deangeer dladio aanycaberet &@iddr 1 Q12
for the manufacture of a rredl canent for treatment of thronbocytopenia in a
manmmal . . 150

Ser Ser Thr Leu Ser Pro Glu Lys Gly Lys Ala Lys Asn Pro Pro

TCT TCA ACA TTA AGT CCT GAG AAA GGG AAG GCC AAA AAT CCC CCT 690

180 . 170
Gly Asp Ser Ser Leu His Trp Ala Ala Met Ala Leu Pro Ala Laeu
GCGA GAC TCC AGC CTA CAC TGG GCA GCC ATG GCA TTG CCA GCA TTG 738

180

Phe Ser Leu Ile Ilaea Gly Phe Ala FPhe Gly Ala Leu Tyr Trp Lys
TTT TCT CTT ATA ATT GGC TTT GCT TTT GGA GCC TTA TAC TGG ARG 780

. 150 | 200

iys Arg Gln Pro Ser Leu Thr Arg Ala Val Glu Asn Ile Gln Ile

AAG AGA CAG CCA AGT CTT ACA AGG GCA GTT GAA AAT ATA CAA ATIT 825

210
Asn Glu Glu Asp Asn Glu Ile Ser Met Leu Gln Glu Lys Glu Arg
AAT GAA GAG GAT AAT GAG ATA AGT ATG TTG CAA GAG AAA GAG AGA 870
- 220

Glu Phe Gla Glu Val End

GAG TTT CAA GAA GTG TAA TTGTGGCTTGTATCAACACTGTTACTTTCGTA 9820
CATTGGCTGGTAACAGTTCA&GTTTGCTTCLTAALTGAAGC&GCTTTAAACAAAITCAIA 3840
TTCTGTCTGGAGTGACAGACCACATCTTTATCIGTTCTITGCTACCCATGACTTTATATGG 1040

ATGATTCAGAAATTGGAACAGAATGTTTTACTGTGAAACTGGCALCTGA 1088

Figure 44 (cont'd )



36 Use of a polypeptide according to any one of Clains 1 to 12 for the
manuf acture of a nedi canent for treating anem a in a nmammal . 37. Use of
a pol ypeptide according to any one of Clains 1 to 12 for the manufacture of
a nedi canent for enhanci ng engraftnent of bone marrow during
transplantation in a mammal 38. Use of a pol ypeptide according to any one
of Claims 1 to 12 for the manufacture @4/66nedi cament for enhanci ng bone
marrow recovery in treatnent of radiation, chem cal, or chenotherapeutic

i nduced bone marrow apl asia or nyel osuppressi on. recovery
in treatnment of radiation, chem cal or chenot her apeuti ¢ i nduced

mar r ow apl asi a or myel osuppressi on whi ch conpri ses
treating patients with 5 therapeutically effective doses of stem
cell factor 39. A DNA sequence coding for an anal og of
human stem cell factor selected fromthe group
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consisting of: 10 a) [Met-[err]] stemcell factor; and

b) stemcell factor wherein one or nore . cysteines are replaced by
al ani ne or serine. 40. - A pol ypepti de product of the
expression 15 in a procaryotic or eukaryotic host cell of a DNA
sequence according.to C aim 39. . 41. A pharnmaceuti cal
conposi tion conpri sing r econbi nant cell factor having the human
am no acid 20 sequence,. and a pharmaceutically acceptabl e diluent,
adj uvant or carrier. 42. An antibody specifically binding
stem cell factor. 25 43. An antibody as in Caim42
wherein said anti body is a nonocl onal anti body. 44. A
process for the efficient recovery of 30 stemcell factor from SCF
containing material, the met hod conprising the step of subjecting the
SCF containing material to ion exchange chromat ographic separ ati on.
35
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- 145 - 45. A process as in Claim44 wherein said ion
exchange chronmat ographi c separation is ani on exchange chr omat ogr aphi c
separati on. 5 46. A process as in Claim44 further
conprising the step of reverse phase liquid chr omat ogr aphi ¢ separ ati on.
47. A process for the efficient recovery of .10 stemcell factor from SCF
containing material, the met hod cong/éé ng the step of subjecting the
SCF containing material to reverse phase liquid chr omat ogr aphi c
separati on; 15 48. A pol ypeptide having the henmat opoietic
bi ol ogi cal activity of naturally occurring stem cell factor, said

pol ypepti de having an am no aci d sequence set forth in Figure 15C,
Figure 42 or Figure 44 or any allelic variants, derivatives, deletion
anal ogs, 20 substitution anal ogs, or addition anal ogs thereof, and
characterized by being the product of procaryotic or
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eucaryotic expression of an exogenous DNA sequence. ' 49. A
pol ypeptide as in Claim48 selected 25 fromthe group consisting of: .

SCF[err], SCF[err],-SCFlerr], SCF[errr], SCF[err] (Figure 150);
SCF[err], SCF[errr], SCF[err], and SCF[err] (Figure 42); and SCF[err]
SCFerr], SCFlerr] and SCF1 220 (Fig&tgadf) . 30 : 50. A

bi ol ogically -active conposition conprising the polypeptide of aiml
covalently attached to a water-sol ubl e pol yner. 35 (Figure 1

- 146 - 51. A conposition as in Caim50 wherein sai
polymer is selected fromthe groupSTEMsCEELNGAGTOR  pol yet hyl ene gl ycol or
copol yners of pol yethyl ene glycol and pol ypropyl ene glycol, and said

polymer is 5 unsubstituted or substituted at one end with an al kyl
group. _ _

5 ' Novel stem cell factors, oligonucleotides
encoding the same, and methods of production, are
disclosed. Pharmaceutical compositions and methods of
treating disorders involving blood cells are also
disclosed.

10

i5

20

25

30
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52. The conposition of Caimb50 wherein the pol ypeptide is (Met[err]]

SCF[err] 10 53. The conposition of O aimb50 wherein said

pol ymer has an average nol ecul ar wei ght of about 1,000 @ to 100 000

dal t ons. 15 54. The conpositi 0

pol yrrer-‘has an average nol ecul ar wei ght of é”l)s(ﬁtu% gbﬁets 1\@% %96
dal t ons. ' 55! The conp05|t|on of Cla|n150 mhereln sald 20
polymer is an unsubstituted polyethylene % ycol or nononet hoxy

pol yet hyl ene gl ycol . he conp05|t|on of Caim50
wherein said polymer is attached to sai d pol ypepti de |9 B e,
wth an active ester of a carboxylic acid or carbonate RE&&*[ gHEET
sai d pol yner. 57. T@@HﬁQﬂEﬁS& | of Cla] n 50 wherern on
or nore am no groups of said protein are conjugated to 30 saiﬁgngpmgpbby
reaction with a N hydroxysuccini m de, p- ni trophenol o

1- hydr oxy-2-nitro-benzene-4-sul fonate ester of the poj ymer |
58. The conposition of C aim50 wherein one 35 or nore frjee cysteine

sul f hydryl groups are conjugated

The present invention relates in general to
10 novel factors which stimulate ﬁrimitive progenitor cells
including early hematopoietic progenitor cells, and to
DNA sequences encoding such factors. In particular, the
invention relates to these novel factors, to fragments
and polypeptide analogs thereof and to DNA sequences
15 encoding the same. '

Background of the Invention

The human blood-forming (hematopoietic) system

20 is comprised of a variety of white blood cells
(including neutrophils, macrophages, basophils, mast
cells, eosinophils, T and B cells), red blood cells _
(erythrocytes) and clot-forming cells (megakaryocytes,
platelets). _

25 It is believed that small amounts of certain
hematopoietic growth factors account for the
differentiation of a small number of "stem cells" into a
variety of blood cell progenitors for the tremendous
proliferation of those cells, and for the ultimate

30 differentiation of mature blood cells from those
lines. The hematopoietic regenerative system functions
well under normal conditions. However, when stressed by
chemotherapy, radiation, or natural myelodysplastic
disorders, a resulting period during which patients are

35 seriously leukopenic, anemic, or thrombocytopenic
occurs. The development and the use of hematopoietic




- = ., ———

to séid pol ymer via reaction with a mal eimdo or hal oacet yl derivative

of the polymer. Y 1999 - 147

- of Claimb50 wherein the pol ypept i de
S gI ycosyl at ed angluﬂn jimml ttached by reaction of an gmi¢nq, Ho)aG
hydrazi ne or hydrazi emi vative of the polynmer w Qr iRr €

al dehyde 5 groups generated by oxidation qf the car she -
60. A nethod for preparing.a biologically act’'i ve pol ymer - pol ypepti de
adduct which conprises 10 reacting the polypeptide of aim50 with a

wat er - sol ubl e polynmer ung@l CONDHA| S8GudeEdi Aétdedihg €ovelLailn 16
oL aonment of e SVITERCL? SRR PRLURBILLC 0o obPEOYELENO S cance.
deficiency in a human conprising adm nistering a t herapeutical l'y
effective amount of the pol ypgptiglepys 2EGQUALL%LR1 %8 a polypeptide
5 fragment or polypeptide analog of naturally-occurring
stem cell factor.-, said analog possessing a hematopoietic
biological activity of naturally occurring stem cell factor.
25. A DNA sequence as in Claim 24 coding for
methionyl stem cell factor.

10
26. A biologically functional plasmid or
viral DNA vector including a DNA seqguence according to
Claim 16.
15 | 27. A procaryotic or eukaryotic host cell

stably transformed or transfected with a DNA vector
according to Claim 26.

28. A polypeptide product of the expression
20 in a procaryotic or eukaryotic host cell of a DNA
sequence according to Claim 15.

29. A polypeptide having part or all of the
amino acid sequence as set forth in Figure 15C,
25 Figure 42 or Figure 44 and having one or more of the
in vitro biological activities of naturally-occurring
stem cell factor. '

30. A polypeptide having part or all of the
30 secondary conformation of naturally-occurring stem cell
factor and having part or all of the amino acid sequence
set forth in Figure 15C, Figure 42, or Figure 44 and
having a biological property of naturally-occurring
human stem cell factor.

35
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i R~ A 4 |
: (Z:grrprl si ng ad \ [13 j LJ re?ﬂ“ﬁ“ggmﬂm [ﬂ“ la(r:]t ?ve agm of the

potypeptld cprding to f . A nmethod as in
Claim 62 wherkih g 9AN 1999 sdi d adninistering step P.El..%!liié'.’&xéés__ht_l.:_i/_ll?@_ ,
adm ni stering Cieenot herapyl or irradiation to said manmal . _

64. nmet hod pf =tranmstecttmgearly 3Q_hf topoietic progenitor cells with a
gene conpri sihg: (¥y) culturihg eéarly henmat opoietic progenitor
cells with SC~ and (ii) transfecting the cultured cells of

step 35) with a gene. rocess for the production of stem cell -
l47a - 61. Use of a po:f ypept |pde accorglrng topany one 8 °t hg 61 ains 1to
12 for the factor comorxsxng

- growing, undet - suitable nutrient cond:.t::.ons,
'prccarjzotlc or eukaryotic host cells transformed or
S transfected with a DNA according to Claim 13, and
isolating desired polypeptide products of the
expression of DNA sequences in said vector.

32. A composition comprising a purified and
10 1solated human stem cell factor free of association with
any human protein in glycosylated or nonglycosylated
form.

33. A pharmaceutical composition comprising
15 an effective amount of a polypeptide according to
Claim 1 and a pharmaceutically-acceptable diluent,

adjuvant or carrier.
Use of a polypeptide according to any one of Cla
1 to 12 for the manufacture of a medicament
34./ A-methed for treatment of leucopenia in a

20 mammal. comprising-administering-a—therapeutically-
e ffeective--amount-of-the -polypeptide aceording—to-’/

Use of a polypeptide according to any one of Claims
1 to 12 for_the manufacture of a medicament
35. / A-method for treatment of

25 thrombocytopenia in a mammal. comprising--administering—a-
therapenticalliy-effective—amount-of -the-pelypeptide

-a-e-ee-sé—rag—t—e—G—La-bm—‘l-
Use of a polypeptide according to any one of Claims

Mﬂ%ﬁn%:&g&iﬁ.a medicament .
. or treating anemia in a mammal.
30 eemprisingadministering-atherapeutically effeective
amount-of-the-polypeptide according-to-Claim—de—
Use of a

polypeptide according to any one of Claims

1 to 12 fo_r_t_ manufacture of a_medicament
37. f #~methed for enhancing engraftment -of

bone marrow during transplantation in.a mammal.,
35 WH&&NWI@&&W
amount—of--the—polypeptide—aceord: ing—te—-Elaimt—
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treating qyeIOprollferatlve di sorder in a.
DNA sequence coding for an analog of

human stem cell factor selected from the group
consxstxng of: '

a) [Met™ 1] stem cell factor; and

b) stem cell factor wherein one or more
cysteines are replaced by alanine or serine.

40. A polypeptide product of the expression
in a procaryotic or eukaryotic host cell of a DNA
sequence according .to Claim 39.

41. A pharmaceutical composition comprising
recombinant stem cell factor having the human amino écid
sequence, and a pharmaceutically acceptable diluent,
adjuvant or carrier.

42. An antibody specifically binding stem
cell factor.

43. An antibody as in Claim 42 wherein said
antibody is a monoclonal antibody. '

44. A process for the efficient recovery of
stem cell factor from SCF containing material, the
method comprising the step of subjecting the SCF
contaihing material to ion exchange chromatographic
separation.
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~mamal . S 65. A nethod of
T g o EACOINE SR rHlIllll IIIHJIWIIlIJJIIILe steps of

(i) culturlng paf ly hemat opoi ek il pr odenit of Eells with SCF;, 5

(ii) transfectipg 14HgANMORred cells  of step it ,
(iii) admnistering the transficfed cells to sald mammal . 10

66. A nethod -pf treatTmg—TTETVe| damage.iy mamel conprising

adm nistering {a therapeuticall ef fective anount of the pol ypeptide
according to Carml. 15 67. A nethod of treating
infertility in a MRNTAlS 90 NDhes ictghpadiitiiont ©F 0dadmt 3er m&témlée{e
effective anount of. th Iype i.de a

65, A et hod o HESHETY MG R IAREde S the BOYMSR cbrthrarhed

adni ni stering a therogamttiionaldfy an amino, hydrazine or hydrazide
derivative of the polymer with one or more aldehyde
S groups generated by oxidation of the carbohydrate |
moieties. | |

60. A method for preparing a biologically
active polymer-polypeptide adduct which comprises
10 reacting the polypeptide of Claim S0 with a water-
soluble polymer under conditions permitting the covalent
attachment of the polymer to said polypeptide, and

recovering the adduct.so produced.
f e e
Claims 1 to 12 for the manufacture of a medicament for
1s . 61./ -A—methoed~ef treating acquired immune

deficiency in a human.eemprising-administering-a—
-therapeutiecally-effectiveamount of the polypeptide
Use of a polypepzide according to any one of Claims

f facture of me or
20 52 A A—me%heé-eé—treatzng neoplasia in a

mammal. eeape*s*ag—aém+a*s%ef*ag—a—ehefapea%*ea%%y-
effecttve—ameuﬁt—ef—the—pe&ypepe*ée~aeee*é*ag—%e-

—€iaim—3Is
Use according to Claim 62. wherein the mammal to
to be treated has had

25 63. l4kam*heé—as—*a—G%a*m—sz—whe;e+n—be£e;e

ed

said—administering—step—is—the—step—-of administering
chemotherapy or irradiation.te—said-mammal«

_ 64. A method of transfecting early
30 hematopoxetzc progenitor cells with a gene comprising:
(i) culturing early hematopoietic progenitor
cells with SCF; and _
(ii) tranéfecting the cultured cells of step
(i) with a gene. | '
35
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69. 70 A polypeptide as in gl m 48 se ected fromthe group ,
consi sting of: Ht - [erry?SCF[err],,(N@t-[err]]SCF[err],

~Q

(Met-[err]] SCF[rr], (th[err]]Sl-[err] Met [err]] SCFlerr] (Figure
150); (Met-[errt F Vet=T'er,r ] | SO [err_ 35 _.(Met [err]] SCF[err], and
(Met-[err]] SCF[err] ( e 42) ;7 ana T Ver TerrPSCHEer | =~ ©
(Met - [ err] ] SCFmarmmial (d&tpx{mrr}gsm‘{estrq;)samf (Met-Jerr] ] SEFTerr]
(Figure 44). (i) culturing early hematopoietiC progenitor
cells with SCF; -
S (ii) transfeckting the cultured cells of step
(i) with a gene;—dand _
iii) administering the transfected cells to
Use of a polypeptide according to any one of Claims
1 to 1% for the manufacture of a medicament for
10 66~ [ -Amethed—of treating-nerve damage in a
mammal.cemprising—administering-a—therapeutieally
effeetive—amount—of the polypeptide-according—te
ea ° ! - - . .
Use of a polypeptide according to any one of Claims
1_to 12 for the manufacture of a medicament for
15 66. 67 A A—methed—of- treating infertility in a
mammal .compiising—adninisteringa—therapeutiecally-
Efaoti £ the sol eid 13
Y aim—ie _
f epti rdi
I_to 12 for the manufacture of a medicament for
20 _67.-68< , A-method—of treating intestinal damage in
a'mammaLggempsésiag—admiaisce;ing—a;she;agea%éea;Ly-
effeeti e of &) ) cig 15 .
-Slain—1-

Use of a.polypeptide according to any one of Claims
1 to 12 for the manufacture of a medicament for

25 : _68.-69. A A-method—eof treating myeloproliferative
disorder in a mammal.eemprising—administering a—
thefapeae*ea4;y—eé£ect4ve—amouutaoﬁ_the_pol¥pept4de
aeee*é*ag—se—eéa*m—é—eeaaag&%eé4xra—%e*t&.

30 _69. 785 A polypeptide as in Claim 48 selected

from the group consisting of: |
[Met™l)scrl=148, [Met~l}gcpl-162,

[Met~1)scpl=164  (Met~1l)scFl-165, [mer—1l)scrl-183
(Figure 15C); (Met™1}scrl=185, [Met~1l}scrl-188,

35 ([Met™l)scFl™183, and (Met™l)scrl™248 (Figure 42); and
[Met™1)scrl™157, [Met™1l)scrl160, [Met~ljscrl-161 apg
[Met~1]1scF1~220 (pigure 44).
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31. A process for the productlon of stem cell
factor comorzsxng

- growing, under ‘suitable nutrient conditions,
Procaryotic or eukaryotic host cells transformed br
transfected wit a oNa according to Claim 13, and

isolating desired polypeptide products of the
expression of DNA sequences in said vector.

32. A composition comprising a purified and
lsolated human stem cell factor free of association with
any human protein in glycosylated or nonglycosylated
form. :

;' .

33. A éharmaceutical composition comprising
an effective amount of a polypeptide according to
Claim 1 and a pharmaceut1cally-acceptable dlluent,
adjuvant or carrier. .

T BA_. A-nmethod - patrmen . Onanis in

mammal comprisipé'administering a Eherapeutically'

- effective amount of the polypeptide according to

Claim 1.

35. A method for treatment o

thrombocytopenia in a mammal comprisjsg administering a

therapeutically effective amount of the polypeptide
according to Claim 1.

' 36. A method for treating anemia in a mammal

‘comprising administering a therapeutically effective

amount of the polfpeptide according to Claim 1.

. A method for enhancing engraftment of
bone mafrow during transplantation in.a mammal
compfising administering a theraoeutlcally effective

A O LB O ha no Nen de__3 atdalBale - m_ 1.

1
CaET—y
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34. Use of a polypeptidé according to any one of Claims 1 fo 12 for the

manufacture of a medicament for treatment of leucopenia in a mammal.

35. __Use of a polypeptide accdrdiﬂg to any one of Claims 1 to 12 for the
manufacture of a medicament for treatment of thrombocytopenia in a mammal.

3 i in any one of Claims 1 to 12 for the
manufacture of a medicament for treating anemia in a mammal.

37.___Use of a polypeptide according to any one of Claims 1 to 12 for the
manufacture of a_medicament for enhancing engraftment of bone marrow

duri lantation in a mammal.
38. _Use of a polypeptide according to any one of Claims 1 to 12 for the

manufacture of a medicament for enhancing bone marrow recovery in
iation, chemi or chemotherapeutic induced bone marrow

i | ression.
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38. A method of enhancing bBone marrs
recovery in treatment of radiation, chemiTal, or
‘chemotherapeutic induced beme Marrow aplasia or’
myelosuppressiem which comprises treating patients with

39. A DNA sequence coding for an analog of
human stem cell factor selected from the group
consxstlng of:

.a) [Met™ 11 stem cell factor; and
b) stem cell factor wherein one or more:

cysteines are replaced by alanine or serine.

40. A polypeptide product of the expression
in a procaryotic or eukaryotic host cell of a DNA
sequence according to Claim 39.

41. A pharmaceutlcal composition compr151ng
recombinant stem cell factor having the human amino acxd
sequence, and a pharmaceutically acceptable diluent,
adjuvant or carrier.

42. An antibody specifically binding stem
cell factor. '

43. An antibody as in Claim 42 wherein said
antibody is a monoclonal antibody. '

44. A process for the efficient recovery of
stem cell factor from SCF containing material, the
method comprising the step of subjecting the SCF
containing material to ion exchange chromatographic
separation.
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59. The composition of Claim S0 wherein the
polypeptxde is glycosylated and the polymer is attached
by reaction of an amino, hydrazine or hydrazide
derivative of the polymer with one or more aldehyde
groups generat&d by oxidation of the carbohydrate
moleties. '

-60. A method for preparing.a biologically
active polymer-polypeptide adduct which comprises
reacting the polypeptide of Claim 50 with a water- _
soluble polymer under conditions pérmitting the covalent
attachment of. the polymer to said polypeptxde, and
recoverxngtthe adduct .so produced.

& method—of—+tre
deficiency in a2 human comprising administering a
therapeutically effective amount of the polypeptj
according to Claim.1l.

62. A method of treating neop¥asia in a
mammal comprising administering a thepdpeutically
effective amount of the polypeptide according'to
Claim 1. | |

63. . A method as/in Claim 62 wherein before
said administering stepis the Step of administering
chemotherapy or irradiation to said mammal.

64'
hematopoiet]j

method of transfecting early
progenitor cells with a gene comprising:
(i) culturing early hematopoietic progenitor
cells #ith SCF; and

(ii) transfecting the cultured cells of step
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61.__ Use of a polypeptide according to ahy one of the Claims 1 to 12 for the

manufacture of a medicament for treating acquired immune deficiency in a

human.

62. _ Use of a polypeptide according to any one of Claims 1 to 12 for the
:manufacture of a medicament for treating neoplasia in a mammal.

63. __Use according to Claim 62, wherein the mammal to be treated has had

administered chemotherapy or irradiation.
64. A method of transfecting early hematopoietic progenitor cells with a
gene comprising: '

(i) culturing early hematopoietic progenitor cells with SCF; and

(i) transfecting the cultured cells of step (l) with a gene..

_Use of a polypeptide accordin i :

manufacture of a medicament for treating infertility in a mammal.

67. __Use of a polypeptide according to any one of Claims 1 to 12 for the
manufacture of a medicament treating intestinal damage in a mammal,

se of lypepti ccordin

manufacture of a medicament for treating myeloproliferative disorder in a

- mammal.
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65. ‘A _method—o cansEerring gene

mammal comprising the steps of: _ }
: ; (i) culturing early hematopoietic pr-lenitor
cells .with SCF; -
| (ii) transfecting the cultured cells of step
(i) with a gené; and
(iii) administering the transfected cells to
said mammal.

66. A method of treatip§ nerve damage in a
mammal.comprising administering A& therapeutically
effective amount of the polypeptide according to
Claim 1. | :

67. A method #Ff treating infertility in a
mammal comprising'admiristering a therapeutically
effective amount of pghe polypeptide according to
Claim 1.

68. A method of treating intestinal damage in
a mammal compfising administering a'tﬁérapeutically
effective amiount of the polypeptide according to
Claim 1. |

69. A method of treating myeloproliferative -~

disgofder in a mammal comprising administering a

thérapeutically effective amount of the polypeptide

. S - = :
= 2 = -5 = = o3 20 -8 - D a LA LIL .

69. 70—~ A polypeptide as in Claim 48 selected

from the group consisting of:

(Met~l)scrl=148, (Met~l)scrl-162,
[(Met™1]scF1™184, (uet™1}scFl™165, (mMet~l}scrl-183
(Figure 15C); [Met™}]scrl=185, (Met~l}scrl-188,

i[Met'l]SCFl'lag, and [Met'l]SCFl'248 (Figure 42); and .

(Met~Y]scrl~157, (Met~l}scrl-160, (Met~1jscrl-161 ,n4
(Met~l)1scrl=220 (pigure 44).
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