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The pfesent invention relates in general to
10 novel factors which stimulate primitive progenitor cells
'including early heﬁatopoietic progenitor cells, and to
DNA sequences encoding such factors. 1In 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 T - -

Thé'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 s&stem functions
well under normal conditions. However, when stressed by
chemotherapy, radiation, or natural myelodysplastic
disorders, a resulting'peripd duridg which patients are
35 seriously leukopenic, anemic, or thrombocytopenic
occurs. The development and the use of hematopoietic



di sorders, a resulting period during which patients are 35 seriously

| eukopeni ¢, anem c, or thronbocytopenic occurs. The devel opnent and the
use of henat opoietic grow h factors accel erates bone nmarrow regeneration
during this dangerous phase. In certain viral induced disorders, such as
acqui red aut oi mmune deficiency (A DS) blood elenents 5 such as T cells may
be specifically destroyed. Augnentation &f=T cell production may be

t herapeutic in such cases. Because the hematopoietic growh factors are
present in extrenely small anpunts, the detectiion and 10 identification of
these factors IBXOWELifEFiFh aFrekarRLest bANEParfRiMC K eIENGERLIRNY

di stinguish amyy itdie Hid daidedded Prrasd the basis of stinulative effects

on cultured cells under artificial conditions. The.applicatign of
reconbi nant genetic 15 tECHRGA HEE & dﬂ%%&h({aﬁ‘éoﬁﬂ&é?gt SHﬁgnasof t he

bi ol ogi cal act iaddu Psedfai telimuhel def vitendyaqtidns) Bloodxaiementishe ani no
acid and DNAé ses(‘:tl‘J&rllcgss Oéeffsrmnrl]ay be specifically destroyed.
Augmentation of T cell production may be therapeutic in
'such cases. _
Because the hematopoietic growth factors are
present in éxtremely 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 apélication 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 granulocyte-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 report




erythropoietin (EPO, which stimulates the production of erythrocytes, have

been obtained. (See, Lin, 20 U S. Patent 4,703,008, hereby incorporated
by reference). Reconbi nant nethods have al so been applied to the isolation
of cDNA for a human granul ocyte col ony- stinulating factor, G CSF ( See,
Souza, U. S. Patent 4,810,643, hereby incorporated by reference), and human
25 granul ocyt e- macr ophage col ony stimulating factor (GWCSF) [Lee, et al.,
Proc. Natl. Acad. Sci. USA, 82, 4360-4364 (-1985); Wng, et al., Science,
228, 810-814 (1985)], murine G and G\ CSF [ Yokota, et al., Proc. Natl.
Acad. Sci. (USA), 81, 1070 (1984); Fung, et al-, 30 Nature, 307, 233
(1984); Gough, exiak. ;nhmharé;tSDGtUV63fQ198&?}0ranﬂthhnﬂrQBécbpMagen
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assay systen1teéﬂ§1FéFe§héRa@ﬁbéﬁ 35 Bhef@%§5r§eb% %B?F?Ch@ﬁﬁ¥690|etlc
pgogenltors [ ZoghctdrsEare WBdcussald b6T8w690 (1984)]. A nunber of report

5 An activity in human spleen conditioned medium
has been termed synergistic factor (SF). Several human
tissues and human and mouse cell lines prodhce an SF,
-referred to as SF-1, which synergizes with CSF-1l to
stimulate the earliest HPP-CFC. SF-1 has been reported

10 in media conditioned by human spleen cells, human
placental cells, 5637 cells (a bladder carcinoma cell
line), and EMT-6 cells (a rouse 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 (1983)].

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

25 factor which appears to be identical to IL-3. Both
CSF-1 and IL-3 stimulate hematopoietic progenitors which
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 (HLGF-l). It has an

. apparent molecular weight of 120,000 [McNiece et al.,
35 Exp. Hematol., 16, 383 (1988)].




exist inthe literature for factors which are active in the HPP-CFC assay.
The -sources of these factors are indicated in Table 1. The npst well

characterized factors are discussed below. 5 An activity in
human spl een condi ti oned nedi um has heen terned synergistic factor (SF).
Several human tissues and human and nouse cell |ines produce an SF,

referred to as SF-1, which synergizes w {h.CSF-1 to stinmulate the earliest
HPP- CFC. SF-1 has been reported 10 in nmedia conditioned by human spl een
cells, human placental cells, 5637 cells (a bladder carcinoma cell |ine),
and EMI-6 cells (a rouse gEngneykfiewsi hoter nrididy meyd CBFe i ¢entli,ty of SF-1
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extract is CSF-1 el.lls (mirine
lnventlon relate to a molecule which is distinct from

IL-1, IL-3, CSF-l1 and SF-l.

10 ' Table 1
Preparations Containing Factors Active
in the HPP-CFC Assay

15 Source 1 Reference
Human Sp1eeh CM o [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 [Kriegler, supra (1982)]
Pregnant Mouse Uterus ' [Bradley, supra (1980)]
GTC-C CM : [Bradliey, supra (1980)}

25 RH3 CM _ : © [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)]

1 tM= Conditioned media.
35 : When administered parenterally, proteins are

often cleared rapidly from the circulation and may



nyel ononocytic | eukem a cell |ine) produce a synergistic 25 factor ‘which
appears to be identical to IL-3. Both CSF-1 and IL-3 stinulate
henmat opoi eti c progenitors which are nore mature than the target of SF-1.
Anot her class of synergistic factor has been shown to be present in
conditioned nedia fromTC 1 cells 30 (bone marrow derived stromal cells).
This cell line produces a factor which-sgi+ul ates both early nyeloid and

| ynphoi d cell types. It has been termed henol'ynphopoietic growth factor 1
(HLGF-1). It has an apparent nol ecul ar wei ght .of 120,000 [ McNi ece et al.,
35 Exp. HenatOkherhEpr&B&lﬁkﬂ&BkklativélyOBhbh&-Kd&wﬂ iphiaeracickioys cald

the HPP- OFC asEa iU ot BreaelEd Y TEgeuerts (RS ARAREN et oned i -
Tabl e 1 have ncoteladdiveldy stangst lsﬁoeleISyqfthqafqtedre PBated nen maye beol ypept i de
sequence and bi:lepfi i @Fduddal Piidlerlapeddie HERIRAey NV EHIEIAL! ates to
a nol ecul e mhlch stinct from
modified by the covalent attachment of water-soluble
polymers such as polyethylene glycol, copolymers of
polyethylene glycol and polypropylene glycol,
carboxymethyl cellulose, dextran, polyvinyl alcohoi,
polyvinylpyrrolidone or polyproline are known to exhibit
10 substantially longer half-lives in blood followiné
intravenous injection than do the corresponding
unmodified proteins [Abuchowski et al., In: "Enzymes as
Drugs", Holcenberg et al., eds. 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, 1487-1481 (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
proteins 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 reducing the immunogenicity and antigenicity
35 of heterologous proteins. For example, a PEG adduct of
a human proteip might be useful for the treatment of



IL-1, IL-3, CSF-1 and SF-1. 10 Table 1
Preparati ons Contai ning Factors Active in the HPP-CFC Assay 15 Source

Ref erence Hurman Spl een CM [ Kriegler, Blood, 60, 503(1982)]
Mouse Spl een CM [ Bradl ey, Exp. Hemat ol . Today Baum ed.,
285 (1980)] 20 Rat Spleen CM [ Bradl ey, supra,
(1980)] Mouse |lung CM . 6 - [ Bradl ey, supra, (1980)]
Human Pl acental CM [Krlegler,,supra (1982)] Pregnant
Mouse Ut erus [ Bradl ey, supra-(1980)] GIC-C CM

[ Bradl ey, SUpraxéég%Q)hnZ%thBH3m§Hha11an species without the risk of

[ Bradl ey, supra ;1980 HA PBL [ Bradl ey,
supra (1980)] %ﬁﬁ a severg\ifffupe reEP"¥F vl . Int. Rep., 6,
243(1982)] EMI-6 CM Polymers subhNESCPEG gy Hiernmdmlenieid;lpB54 (1987)]
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51de 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 términal amino acid, tyrosine side chains, or to
activated 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 esters of carboxylic acid or
carbonate derivatives, particularly those in which the
leaving grohps are N-hydroxysuccinimide, p-nitrophenol,
imidazole or l-hydroxy-2-nitrobenzene-4-sulfonate. PEG

20 derivatives containing maleimido or haloacetyl 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 ptogenitof
cells are provided. These SCFs also are able to



-5- therefore elicit relatively short-lived pharnacol ogi cal activity.
Consequently, frequent injections of relatively |arge doses of bioactive
proteins nay be required to sustain therapeutic efficacy. Proteins 5
nodi fied by the coval ent attachnent of water-soluble polyners such as

pol yet hyl ene gl ycol, copolyners of polyethylene glycol and pol ypropyl ene
gl ycol, carboxynet hyl cellul ose, dextrgub Jpol yvi nyl al cohol,

pol yvi nyl pyrrol i done or polyproline are known to exhibit 10 substantially
| onger half-lives in blood follow ng intravengus injection than do the
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stability of5 t lmequratigign pediwpeptides having amino acid sequenbes
sufficiéntly duplicative of that of naturally-occurring
stem cell factor to allow possession of a hematopoietic
biological activity of naturally occurring stem ceil
factor. _

10 The present invention also provides isoclated
DNA sequences for use in securing expressioh 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 segquences 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.



20 greatly reduce the imunogenicity and antigenicity of the protein. As a
result, the desired in vivo biological activity nay be achi eved by the

adm ni stration of such polyner-protein adducts |ess frequently or in | ower
doses than with the unnodified 25 protein. Attachnment of polyethylene
glycol (PEG to proteins is particularly useful because PEG has very | ow
toxicity in mammal s [ Carpenter et al.. goxicol. Appl. Pharmacol., 18, 35-40
(1971)]. For exanple, a PEG 30 adduct of adenosi ne deam nase was approved
in the United States for use in humans for the treatnment of severe conbi ned
i munodefi ci ency syndronehe Apsesormgl ntvardiage adfsiopded ildest lle conj ugati on

35 of ot er ol BoBhESHEeL Y pact ¥ 4l GRS el ' LA DT LY

m ght be usefuhalérlibe andaeneatced potery dirs gagmals otcempmisingd i an
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. S such as polyethylene glycol or'copolymers of
polyethylene glycol and polypropylene glycol, wherein
said polymer is unsubstituted or substituted at one end
with an alkyl group. Another aspect of this invention
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
" 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.

_ Fiqure 6 shows sodium dodecyl sulfate (SDS)-
polyacrylamide gel electrophoresis (PAGE) (SDS-PAGE) of
35 C4 column fractions from Figure 5.



Pol ymers such as PEG nmay be conveniently attached to one or nore re
amno acid residues in 5 a protein such as the al pha-am no group of the

_ | ysi ne side chains,
t he sul fhydryl groups of cysteine side chains, the carboxyl groups
aspartyl and glutanyl side chains, the al pha-carboxyl group of the
, or to activated
derivatives of glycosyl chains attached 1o certain asparagi ne, seri
t hr eoni ne residues. Nunerous activated fornms of PEG suitable for direct

am no- termnal am no acid, the epsilon am no groups of

carboxyl- 10 termnal amno acid, tyrosine side chains

reaction with proteins havggbeem desa Red1yt3ca¥sel,ukn
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reaction with proteim am no groups Include active edters

or carbonate d@EFWBALXAL SGBrticularly those in which the |eaving groups

are N-hydroxysuccini m de, p-nitrophenol., imdazole or

| - hydr oxy- 2-ni tr obenzene-4:-sul fonate. P erivative
mal ei m do or hal oacetyl ¢rtapee & & 5%S%g§&gnf)§ or CPEH
protein fred sfiddwFiduoe oLps. Li kewi se, PEG reagents containi ng am no,

hydr azi ne or hydrazi de groups are useful for reaction wth al dehydes

generated by periodate oxidation 25 of carbohydrate groups in proteins.
Figure 9 shows SDS~PAGE of purified mammalian

SCF and deglycosylated mammalian SCF.

contai nin
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gPﬁn of

10 Figure 10 is an analytical C4 chromatogram of

purified mammalian SCF.

Figure 11 -shows the amino acid sequence of

15

mammalian SCF derived from protein sequencing.

Figure 12 shows
A. oligonucleotides for rat SCF cDNA
B. oligonucleotides for human SCF DNA
C. wuniversal 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 strategy 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



It is an object of the present invention to provide a factor causing growth
of early hematopoietic progenitor cells. 30 Sunmmary of the Invention
According to the present invention, novel factors, referred to herein as
"stemcell factors"” (SCF) having the ability to stinmulate growth of

primtive 35 progenitors including early hematopoietic progenitor cells
are provided. These SCFs also are able to -7- stinmulate

non- hemat opoi eti c.stemcells such as weygat stemcells and prinordial germ
stemcells. Such factors include purified naturally-occurring stem cel
factors. The invention also relates to non-naturally- 5 occurring

pol ypepti des havi ng_am nbigurel d2gsteoress sufficiently duplicative of that

hemmt opoi et bi of ogh cal Mact it 5t EFEETy £of| SAHUBRRET HABE 21 factor.
10 geeoptesBNR i nvention al so provides isol ated
B. the nucleic acid sequence of human
S genomic DNA _
C. the composite nucleic acid sequence of
human SCF cDNA and amino acid sequence of SCF protein.

Figure 16 shows  the aligned amino acid
10 sequences of human, monkey, dog, mouse, and rat
SCF protein. '

Figﬁre 17 shows the structure of mammalian
cell expression vector V19.8 SCF. '
15

Figure 18 shows the structure of mammalian CHO
cell expression vector pDSVE.l.

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-produced recombinant rat SCF on bone marrow
35 transplantation.



DNA sequences for use in securing expression in-procaryotic or eukaryotic
host cells of polypeptide products having am no acid sequences sufficiently
duplicative of that of naturally-occurring stemcell 15 factor to allow
possessi on of a hematopoietic biological activity of naturally occurring
stemcell factor. .Such DNA sequences include: (a) DNA sequences set out in
Figures 14B, 14C, 15B, 15C, 42 and 44 _ aqr, their conplenentary strands; 20
(b) DNA sequences which hybridize tot DNA sequences defined in (a) or
fragnents thereof; and (c) DNA sequences which, but for the degeneracy of

the genetic code, would Bxgrvl;k ieg@ ;MMM%@%%@%@W {4 and

(b). 25 Arso pr are vectors containing such sequences,
and host cel | sSEFaRsf suFdddother BacreeY ekr inemia @f Wreedr fick so
conprehended by the invention are methods of producing SCF by reconbi nant
t echni ques, and nethods of treating disorders. Additionally, 30

phar maceut i cal conpositi SﬁguFﬁcFﬁdg}iﬁ%"%@%rﬁFr&‘rﬂq%@& é’@%(ﬁﬁ%l |y

bi ndi ng SCFsar eepnoodad. (WBe)i bfeptédoh mice trdaied Wiahh fycomtsindmd t he
ef ficient reco¥gEys%% stemcell factor froma

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 Scrl~164 pggas,

Figure 28 shows the lymphocyte subsets for
15 Steel mice treated with recombinant rat SCF1'164 PEG25.

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 scrl-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



mat eri al containing SCF, the process conprising the 35 steps of ion
exchange chromat ographi ¢ separati on and/ or reverse phase |iquid o
chr omat ogr aphi ¢ separati on. -8- The present invention also provides a

bi ol ogi cal | y-acti ve adduct having prolonged in vivo half-life and enhanced
potency in manmal s,

pol ymer 5

above, .conprising reacti ngt9%ee stk

conprising SCF covalently conjugated to a water-sol uble

such as pol yethyl ene glycol or copolyners of polyethylene glycol
and pol ypropyl ene glycol, wherein said po?ymer is unsubstituted or
substituted at one end with an al kyl group. Another- aspect of this
I nvention resides in a process for égggarin t he adduct described 10

t

chriefatoTAT R 37bISTRIPHATPHE at

| east one termeelutigasti Re & DUPdenih dirt doonitshi ddret rasdd isgF adduct to
produce a product with extended circulating half-l1ife and enhanced

bi ol ogi cal

activity.

15 Brief Description of the Draw ngs
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.

Figufe.36“is a chromatogram of a Q-Sepharose

column of CHO derived.recombinant rat SCF.

15

Figure 37 is a chromatogram of a C, column of

. CHO defived recombinaﬁt 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 scrl~164 reaction mixture

B. gel filtration chromatography of

recombinant rat SCF1‘154, unmodified.

30

Figure 41 shows labelled SCF binding to fresh

leukemic blasts.

Figure 42 shows human SCF cDNA sequence

35 obtained from the HT1080 fibrosarcoma cell line.



Figure 1 is an anion exchange chromatogram fromthe purification of
mammal i an SCF.” 20 Figure 2 is a gel filtration chromatogram fromthe
purification of mammalian SCF. Figure 3 is a wheat germ aggl utini n-agarose
25 chromatogram fromthe purification of manmalian SCF. Figure 4 is a
cation exchange chronmatogram fromthe purification of mammalian SCF. 30
Figure 5 is a C4 chromatogram from the ypurd ficati on of mammal i an SCF.
Figure 6 shows sodi um dodecyl sulfate (SDS)- polyacrylam de ge
el ectrophoresis (PACGE) (SDS-PAGE) of 35 C4 colum fractions from Figure.5.
Fihguresz)sl SPAaGE anal yt I Cai":.?@fé]%EfUm ng@ffﬁt@fragamhpan £9Gm d‘ds;wcﬁ 8
shows - 0 r um fracti g om.Fi ure s ows
SDS- PAGE of quFﬁF% ﬁgﬁﬁﬁf}%ﬁ hgmaty SEFeqi 'y c S0 &%@ ﬁé&ﬁhll ng
human SCFt

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

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

10

' Figure 46 shows the enhanced survival of
irradiated mige 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 possession
of a hematopoietic biological activity of naturally-



10 Figure 10 is an analytical [err] chromatogram of purified
mammal i an SCF. Figure |l shows the am no acid sequence of manmalian SCF
derived fromprotein sequencing. 15 Figure 12 shows A. oligonucl eotides for,
rat SCF cDNA B. oligonucleotides for human SCF DNA C. universal

ol i gonucl eotides. 20 Figure 13 shows A a schene for pol ynerase chain
reaction (PCR) anplification of rat SGF IONA B. a schene for PCR
anplification of human 25 SCF cDNA. Figure 14 shows A. sequenci ng strategy
for rat genom c DNA B..the nucleic acid sequence of rat 30 genomi c DNA. C.

the nucl ei ¢ aciFGUENME estrm regl SFaepp, arFahiard ladaftadqhascdhs rat
SCF protein. 33%bility to stimulate growth of early hematopoietic

progenitbrs which are capable of maturing to erythroid,
megakaryocyte, granulocyte, lymphocyte, and macrophage
5 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,
10 58-62 (1988)]. Treatment of Steel mice (Example 8B)
with recombinant rat SCF results in increases of
granulocytes, monocytes, erythrocytes, lymphocytes, and
platelets. Treatment.of ncrmal primates with

recombinant human SCF results in increases in myeloid

15 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.

20 _ . BEarly hematopoietic progenitor cells are
enriched in bone marrow from mammals which has been
treated with S5-Fluorouracil (5-FU). The
chemotherapeutic drug 5-FU selectively depletes late
hematopoietic progenitors. SCF is active on post 5-FU

25 bone marrow.

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

30 The present invention provides DNA sequences
which include: the incorporation of codons "preferred"
for expression by selected nonmammalian hosts; the
provisibn of sites for cleavage by restriction
endonuclease enzymes; and the provision of additional

35 initial, terminal or intermediate DNA sequences which
facilitate construction of readily-expressed vectors.



- 10 - Figure 15 shows A the strategy for sequencing human genomnmic DNA B
the nucleic acid sequence of human 5 genomc DNA C. the conposite nucleic
aci d sequence of human SCF cDNA and ami no acid sequence of SCF protein.
Figure 16 shows the aligned am no acid 10 sequences of human, nonkey, dog,
nouse, and rat SCF protein. Figure 17 shows the structure of mammalian cel
expression vector V19.8 SCF. 15 Figure ;8 shows the structure of mammalian
CHO cel | expression vector pDSVE.|. Figure 19 shows the structure of E.
coli 20 expression vector pCFML156. Figure 20 shows A a radi oi munoassay

of mammalian Sffe BrefEnPARVOIt i AP ROVIded ONA sequences coding
for polypeptide analogs or derivatives of SCF which
differ from naturally-occurring forms in terms of the
identity or location of one or more amino acid residues

5 (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 analogs wherein 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 specifically'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 expre551on in procaryotic
or eucaryotic host cells of polypeptlde products having
at least a part of the primary structural conformation

- 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, 15C, 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
therecf; and (c) DNA sequences which, but for the
degeneracy of the genetic code, would hybridize to the

' DNA sequences in Figures 14B, 14C, 15B, 1éc, 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 codbns facilitating transcription and
translation of messenger RNA in microbial hosts. Such



25 mammualian SCF. Figure 21 shows Western anal ysis of reconbi nant hunman

SCF. 30 Figure 22 shows Western anal ysis of reconbi nant rat
SCF. Figure 23 is a bar graph showing the effect of COS-1 cell-produced
reconbi nant rat SCF on bone marrow 35 transpl antati on. Fi gure 24 shows

the effect of reconbinant rat SCF on curing the macrocytic anem a of Steel
m ce. Figure 25 shows the peripheral =whfte bl ood 5 cell count (WBC) of
Steel mce treated with reconbinant rat SCF. Figure 26 shows the platel et

counts of Steel mce treated with reconbinaaf ra%eSCF. 10 F%gare 27 shows
the different iBanWGES SeFuences) Ay Lefadily e WeRsFERSHEF nant rat SCF1

164 PEQR25. Fi fiscordimdaws e neuhddscpEeastubsees &4br, 1BCT Speklished
treated with resonbl Iy W df)ddod3E25:
According to another aspect of the present

'5 invention, the DNA sequences described herein which
encode polypeptides having SCF activity are valuable for
the information which they provide concerning the amino
acid sequehce 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 procafyotic 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
isolating human genomic DNA encoding SCF and other genes
for related proteins'és well as cDNA and genomic 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. Seé, generally, Palmiter et al.,
Science 222, 809-814 (1983).

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

35 nature or manufactured such that the pfimary, secondary

and tertiary conformation, and the glycosylation pattern



Figure 29 shows the effect of reconbi nant human sequence SCF treatnent of
normal primtes in increasing peripheral WBC count. 20 Figure 30 shows the
ef fect of recombi nant human sequence SCF treatnent of normal primtes in

i ncreasing hematocrits and platel et nunbers. 25 Figure 31 shows
phot ographs of A. human bone marrow col oni es stimul ated by reconbi nant

human SCF1.162 B. Wight-G ensa stainedigekls fromcolonies in Figure 31 A
30 Figure 32 shows SDS- PAGE of S-Sepharose colum fractions from

chromat ogram shown in Figure 33 A with reduci-ng agent B. w thout reducing '
agent. 35 - ak2 -idemical3d aatucrhildyeboguamiof mat8rSepharsseell

as non-naturally occurring polypeptides having a primary
structural conformation (i.e., continuous sequence of
amino acid residues) and glycosylation sufficiently
5 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
.exogénous 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) hpst_cells'ggg
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 non4glycosylated. 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



colum of E. coli derived reconbi nant human SCF. Figure 34 shows SDS- PACE
of [err] colum 5 fractions from chromatogram showi ng Figure 35 A with
reduci ng agent B. without reducing agent. Figure 35 is a chronmatogram of a
C4 columm of 10 E. coli derived reconbi nant human SCF. Figure 36 is a
chronmat ogram of a Q Sepharose colum of ,£€HO derived reconbi nant rat SCF. 15
Figure 37 is a chromatogram of a C4 col umm of CHO derived reconbi nant rat
SCF. Figure 38 shows SDS-PAGE of C4 columm fractions from chronat ogram

shown in Figur fd Ut VoS pRWRa PP ScEAEEr A t PORSf RIcHHRI deeirved
r econbi nant ra?ogégeé%‘%ir%]aﬁd afgtsg'(r2 dg?glsécosﬁfation © :
t

.G . 25 . .
Fi gure 40 showEi@m d1ak ihagekn specifardt 69F ap yt%fm?eegnﬁpﬁahﬁePéﬂtY
pegyl ated [err]orf eosddtoiodriod Wre Br golkel residuesn(ehgopat ogr aphy of

recombi nant ralsdéggiﬁuéggggﬁféé?%iﬁgi'and inte;mediate additions and
S deletions). Alternately, 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 biological 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, méy 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 replacéd by phenylalanine and bind more or less
feadily to ta;gét 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., eérly
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).



Figure 41 shows | abelled SCF binding to fresh | eukem ¢ blasts. Figure 42
shows human SCF cDNA sequence 35 obtained fromthe HT1080 fibrosarcoma cel
l i ne. - 13 - Figure 43 shows an autoradi ograph from C0OS-7 cells
expressi ng human SCF1 248 and CHO cel |l s expressing human [err]. 5

Figure 44 shows human SCF cDNA sequence obtained fromthe 5637 bl adder
carcinoma cell line. Figure 45 shows 4 M enhanced survival of irradiated
mce after SCF treatnent. 10 Figure 46 shows the enhanced survival of
i'rradiated mice after bone marrow transplantation with 5% of a fenur and
SCF treatnent. 15 _  Of appFigabil Uty iowee irepdritden @@ 1agsyiofalt hef

if”'adi ated M CenglhelofiORPe TEEAOYLS 'S S it RIL I itk 10 ple Gt 300l 2

enmur and SCF treatnent. Nunmerous aspects and advantages of "t he
synthetic peptides which 'substantially duplicate the
amino acid sequence extant in naturally-occurring -

S - 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

10° proteins such as viral antigens, polypeptide hormones,
and the like. 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.,

18 Nature, 294, 654-656 (198l1); Walter et al., Proc. Natl.
Acad. Sci. USA, 77, 5197-5200 (1980); Lerner et al.,
Proc. Natl. Acad. Sci. USA, 78, 3403-3407 (198l); Walter
et al., Proc. Natl. Acad. Sci. USA, 78, 4882-4886
(1981); Wong et al., Proc. Natl. Acad. Sci. USA, 79,

20 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 (1984)]
relating to biological and immunological properties of

25 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
"30 complementary to the protein-coding strand of the human
cDNA or genomic DNA sequences of SCF, i.e.,

- "complementary inverted proteins" as described by
Tramontano et al. [Nucleic Acid Res., 12, 5049-5059
(1984)1.

35 Representative SCF polypeptides of the present:
invention include but are not limited to scrl—148,




20 invention wll be apparent to those skilled in the art upon
consideration of the follow ng detail ed description which provides
illustrations of the practice of the invention in its presently-preferred
enbodi nents. 25 Detail ed Description of the Invention According to the
present invention, novel stemcell factors and DNA sequences coding for al
or part of such SCFs are provided. The 28rm "stemcell factor" or 30 "SCF"
as used herein refers to naturally-occurring SCF (e.g. natural human SCF)

as well as non-pnatur 0CGUNlgian il jejgsdiffe - m nat ural |y
occurring) poIﬁ%@glHgtgyﬁ§?ﬁnlsén?ﬁgFécﬁgsséﬁgeéggé g%% b?y%b§9FS¥?éﬁ7
sufficiently dgdaicatdde sork ,ofsc33 ~A8Puaandl geptct?? i iy Bigureehl;factor

to all ow possessi 1-a 97 Gi16i0i C qhial-0glc LY+2¥00f naturally-
- 14 - occurri %g{és?{gedrﬁ cel | ffactor. St'er%egell fa%{'%fg_%%s t he I(51 ility to
stinul ate growkigureeakdy hemat opoi etic progenitors which are capabl e of

mat ggLRggte Ogerythroid, megakalPed purdtded! QsYhE tb¥ARIQE¥ECkn8AM to
those skilled in the art. The subject invention
comprises a method of purifying 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 tqQ reverse phase liquid
chromatographic separation involving, for example, an

15 immobilized C, or C¢ resin; subjecting the fluid to
immobilized-lectin chromatography, i.e., binding of SCP
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 4,667,016,
hereby incorporated by reference are also useful in
purifying stem cell factor.

25 Isoforms of SCF are isolated using standard
technigues such as the techniques set forth in commonly
owned U.S. Ser. No. 421,444 entitled Erythropoietin
Isoforms, filed October 13, 1989, hereby incorporated by
reference. )

30 Also comprehended by the invention are
pharmaceﬁtical compositions comprising therapeutically
‘effective amounts of polypeptide products of the
invention together with suitable diluents,
preservatives, solubilizers, emulsifiers, adjuvants

35 and/or carriers useful in SCF therapy. A '
"therapeutically effective amount” as used herein refers



5 cells. SCF treatnent of mammals results in absolute increases in
hemat opoi etic cells of both nyeloid and | ynphoid |ineages. One of the .

hal | mark characteristics of stemcells is their-ability to differentiate
into both nyeloid and | ynphoid cells [Wissman, Science, 241, 10 58-62
(1988)]. Treatnment of Steel mce (Exanple 8B) with reconbinant rat SCF
results in increases of granul ocytes, -neboeytes, erythrocytes, |ynphocytes,
and platelets. Treatnment of ncrmal prinmates with reconbinant hunan SCF
results in increases in nyeloid 15 and |ynphoid cells (Exanple 8C). There
i s embryonic exy esw DramdurBCRhyche pirby idast aethe prpewt i pof Feely £08 Aoni ng

sites of nel angbl I br nd spi na
S hord. “20 X P Se cggcﬁmﬁﬁénﬁ REHRLCRPLELOR. FEGIden T S5icR

mat opol et ¢ progenit cells are enriched in

bone narrOM/frcnnm@@ﬁmﬁépﬂﬁuaﬁﬁtﬁ%ﬂq$9§n°Fr 59831%#¥ﬁd5°FI%6?%ﬁVh§?l (5-FU).
The chenot her apguisg E'éf&ﬂuﬁaﬂbr?ﬁ'é‘ﬂ ijvell Mddenl Bhests abe h&ﬂﬁb@@on etic
progenitors. S IS active on POSt ig g one mar F oL |ca§
activity and pRUEFer oFoRrteRbcl i %ty i(BFdS Bhlor &CR ﬁgﬁbng ?3?@3 F? ntral
role in and ionic strength, additives such as albumin or gelatin
to prevent adsorption to surfaces, detergents (e.g.,
Tween 20, Tween 80, Pluronic F68, bile acid salts),
solubili;iné agents (e.g., glycerol, polyethylene
10 glycol), anti-oxidants (e.g., ascorbic acid, sodium
metabisulfite), preservatives (e.g., Thimerosal, benzyl
alcohol, pérabens), bulking substances or tonicity
‘modifiers (e.g., lactose, mannitol), covalent attachment
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 dépend 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 requiré a formulation
containing detergent. Controlled or sustained release
compositions include formulation in llpophlllc 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'



enbryogenesi s and hematopoiesis as well as its capacity for treatnent of
various stemcell deficiencies. 30 The present invention
provides DNA sequences which include: the incorporation of codons
"preferred" for expression by selected nonmammal i an hosts; the provision of
sites for cleavage by restriction endonucl ease enzynes; and t he provision
of additional 35 initial, termnal.or RAt&rmedi ate DNA sequences which
facilitate construction of readi | y- expressed vectors. -15- The present

t I d DNA d d I
ot vat i vee of FOERAGIPRRCEASE FRLRGEAY HE Py SBEBL RRG: #%%S”f‘n"?irﬁé of

the identity ObéﬂMEﬂﬂnvh(ﬂhhmmEeas ifore varioasacodtessoflues 5

del etion analo cont e I es for
SCF; substltutl Sgﬂgﬁheﬁéﬁ%m§ﬁgg ba%%PgQ?gg gggﬁé%%cf dgéjl
repl aced by othmdlaﬁakMes and addi ti on anal ogs wherein one or nore am no

act d residugs is added t G tyEilon0la 1980 cAnpR 55 0Bofbod Dt 166
pol ypepti de) and which share sone or he
including one or more addltlonal hematopoietic factors .
such as EPO, G-CSF, GM-CSF, CSF-1, IL-1, IL-2, IL-3,
IL.-4, IL-S5, IL-6, IL-7, IL-8, IL49, IL-10, IL-11, iGF-I,
or LIF (Leukemic Inhibitory Factor).

10 Polypeptides of the invention may be “labeled"
by association with a detectable marker substance (e.g.,
radiolabeled with 1231 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 imﬁobilized streptavidin to enrich for stem cells in
autologous or allogeneic stem cells in autologous or
allogeneic 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-isotopid 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 gehe markers for identifying



properties of naturally-occurring forms. The present invention specifically
provi des DNA sequences encoding the full length unprocessed am no acid
sequence as well as DNA sequences encodi ng the processed formof SCF. 15
Novel DNA sequences of the invention include sequences useful in securing
expression in procaryotic or eucaryotic host cells of polypeptide products
having at |east a part of the primary.structural confornmati on and one or
more of the biological properties of 20 naturally-occurring SCF. DNA
sequences of the invention specifically conpri.se: (a) DNA sequences set
forth in FigureeibhBorisg gkhes Bnd th2iandi4érdersbhei Theonphanescar y

strands; (b) DNA se tences. whi ch hybridize ( adeg ybridizatign ndi tions
di scl osed i n BE25HH S3 €% & PWH&@WF gohd|P$oﬁg§ +%rfﬂ8 Bﬁg
sequences in F@gumesmbﬁ&tdhﬁ&rdﬂﬁ&omkS@p a2, thrdSd4locuso fragnents _
code. woul d hybli i 2ot o Fhe TR SRt alon® ok snr EMRIEATEYofl wiEh 9750 ' ©
42, and 30 M. ofhey fhanany cdfpriditefded tmensarfsa(pymbas P€) are genonmic
DNA sequences eniRitidpbiaddi®l idi serderd. f gors cah beruaad/ gloracedi by tHCH
from ot her manmal i an ‘speci es,..and nQIactured DINA eguences egcodlng SCF,
fragment s one or more additional hematopoletic Eacdtors suc as
EPO, G-CSF, GM-CSF, CSF-1, IL-1, IL-2, IL-3, IL—-4, IL-5,
I.-6, 1L.-7, I1IL-8, IL-9, IL-10, IL-11, IL-1, 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 replacemeﬁt
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, 129%9a (1987)]. Paroxjsmal nocturnal hemoglobinuria
~ {(PNH) is a stem cell disorder characterized by formation

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

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 efythroblastic anemia,
Di Guglielmo syndrome, congestive splenomegaly,
Hodgkin's disease, Kala azar, sarcoidosis, primary

35 splenic pancytopenia, miliéry tuberculosis, disseminated
fungus disease, Fulminating septicenmia, maiaria, vitamin



ra

of SCF, and anal ogs of SCF. The DNA sequences may 35 incorporate codons
facilitating transcription and translation of nessenger RNA in m crobi al
hosts. Such - 16 - manufactured sequences may readily be constructed
according to the nethods of Alton et al., PCT published application WO

83/ 04053. According to another aspect of the present 5 invention, the DNA
sequences descri bed herein which encode2potypepti des having SCF activity
are valuable for the informati on which they provide concerning the am no
aci d sequence of the mammalian protein which have heretofore been
unavai | abl e. Thg Divd dqldecesidr defisbenoy . vBY LidReing dfRiqRClsef ul in

effecting the lprge, fﬁﬁcm%h%%ﬁuaf %OQYgxﬁetY@ét‘.ﬁid’ s & RIOFD| \oeH

techni ques. Put anotner. sequences OVId éh;%;éfual nvention are
useful in gen@%t?#ﬁj’%s&hénésélflt‘}lllwi”al ﬁ ery pl asmi d DNA
vectors, new anghdieiiockie ! ra&hlasbﬁhlaiﬁdoapdlbraﬂsﬁwmmkprpm@gsqnties and

eucaryotic hOSt é: JZS a(rlenc“I Q%at%%%t ih' ﬁxampgeyggsén&eéé s and

Enhancement of growth in non-hematop01etic
stem cells such as primordial germ cells, neural c;est
derived melahocytes, commissural axons originating from
the dorsal spinal cord, crypt cells of the gut,

10 mesonephric and metanephric kidney tubules, and -
olfactory bulbs is of benefit inm states where specific
tissue damage has occurred to these sites. SCF is
useful for treating 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 mataplasia, primary thrombocythemia,
and acute leukemias which are treatable with SCF, anti-
SCF antlbodles, 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 (1588)].
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 inbestigation for their ability to

"""  shorten the leukocyte nadir resulting from chemotherapy



mammal i an cells grown in culture), and new and useful nethods for cultured
grow h of such host cells capable of expression of SCF and its rel ated
products. 20 - DNA sequences of the invention are al so suitable
materials for use as | abel ed probes in isolating human genom ¢ DNA encodi ng
SCF and other genes for related proteins as well as cDNA and genom c DNA
sequences of other manmalian species. DNAgsequences nay 25.al so be usef ul

in various alternative nmethods of protein synthesis (e.g., in insect cells)
or in genetic therapy in humans and ot her mammal s. DNA sequences of the
invention are exaectaﬂihexba #egfimensn drYehopgnUthéesaSELOLEr SPATRI VaBy

speci es whi ch na ve 30 eu oti 'hosts" _for 0 uct n of SCF an
SCF products inY 1 | T t
c GERLI op this SSERANGN| Shepd i 2p tafhy hempfapfiedss
809- 814 (1983). cahpaptmeemtwhuchnusodapageddeespeciélbﬁ bydraénhaied,
natural | y- OCC“rrh89n§§F S'b% %BB@ hﬁ@eErBEE§ @%&é? PétQPnﬁééfharEd such
an or ma

that the primry, secon con and t
gl ycosyl ati oA pgrowth factors can exert their optimal action. The use

of SCF alone or in combination with these factors
further shortens or eliminates the leukocyte and
platelet nadir resulting from chemotherapy or radiation -
treatment. In addition, SCF allows for a dose

10 intensification of the anti—néoplastic 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 ﬁsed alone or in combination: a donor is treated
with SCF alone or in combination with other

hematdpoietic factors prior to bone marrow aspiration or
peripheral” blood leucophoresis to increase the number of
cells available for transplantation; the bone marrow is

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

SCF is useful for enhancing the efficiency of

gene therapy based on transfecting (or infecting with a

30 retroviral vector) hematopoietic stem cells. SCF
permits culturing and multiplication of the early
hematopoiétic‘progenitdr 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



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

gl ycosylation sufficiently 5 duplicative of that of naturally occurring
stemcell factor to all ow possession of a hematopoietic biological activity
of naturally occurring SCF. Such pol ypetbdes i ncl ude derivatives and

anal ogs. In a preferred enbodi nent, SCF is 10 characterized by being the
product of procaryotic or eucaryotic host_expression (e.g., by bacterial,
yeast, higher plisnrdessect(ldmy Bi9eal Néﬁlﬁpgﬁdinsﬁmtﬁge) of exogenous

DNA sequences oévé@zr@@bdﬂy(smnpp_ HxatpPMNosCbeNgBHe s’ whY cHCAReSKBEFRAYI S-
That is, in a preferred, 1 enbodi nent, .SCF i s "recomi nant SCF." The
products of exptRsETemting tIanetac &@é@FdFéSQFPCEHSEhé BRPE&Becerevi siae) or
procaryote (e.gdealin®se) )glhinsdcer@irdsidask, eRenbgdsbiai, ahndn cyisticany
manmmal i an pagtﬁgﬂﬁﬁ The products of expression in vertebrate [e.g.,

non- human 2 ??bi'(e.g. COS or CHO and avian] cells are free of
association w th any huneSChrict eisefulDépenticrgtungoh ofeakqut redplioyaae

pol ypeptides of 3fpg-i ONEPH{ KDSPIoP%evere combined immunodeficiency

states (SCID) alone or in 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 circulating T-helper (CD4+, OKT,+)
lymphbcytes. 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 Leukemia/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 aslAZT
[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 spaced or given togethér.- Prior treatment
with SCF enlarges a progenitof 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.



gl ycosylated wth mammal i an or ot her eucaryotic carbohydrates or may be
non- gl ycosyl ated. The host cell 25 can be altered using techni ques such as
t hose described in Lee et al. J. Biol. Chem 264, 13848 (1989) hereby

i ncorporated by reference. Pol ypeptides of the invention may al so include
an initial nethionine amno acid residue (at position -1). 30 In

addition to naturally-occurring allelickorns of SCF, the present invention
al so enbraces other SCF products such as pol ypeptide anal ogs of SCF. Such
anal ogs include fragnments of SCF. Followi ng the procedures of the

above-not ed pulBxasle appbe ek | desduibes Ahbopreﬁu&kao®WBE8§bm9656halone can

readily design gnd gRpuiact i e 0anes callNdaER TeCkal dhogyRigasian of

- - pol ypepti &S aving prinary con ORI ons Whi e ron1that

herein specifi gtbieclomal eam;ﬂmdlteﬁa spesifiicpldy bdodiingnSEF émseeor nore

residues (e.g. g2uistd (28] Onsyp &SR 18N LdriedltToMad! Gntddiohyons and S

del etions). tely, nodifications of cDNA a

: (polyclonal) preparations which typxcally include .
different antibodies directed against different
determinants (epitopes), each monoclonal antibody is
directed against a single determinant on the antigén.
Monoclonal antibodies are useful to improve the

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

15 uncontaminated by other immunoglobulins. Monoclonal
antibodies may be prepared 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. 1In 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




-~

genom ¢ genes can be readily acconplished by well-known site-directed

mut agenesi s techni ques and enpl oyed to generate anal ogs and derivatives of
SCF. Such products share at | east one of the biol ogical properties of SCF-
10 but may differ in others: = As exanples, products of the invention

I ncl ude those which are foreshortened by e.g., deletions; or those which
are nore stable to hydrolysis (and, the2&fore, nay have nore pronounced or
longer- lasting effects than naturally-occurring); or which have 15 been
altered to delete or to add one or nore potential sites for_ O- glycosylatlon
and/ or N—glycosylu?lénaérthhlGﬁcﬁabénéh§ PRt nBFR RIRERiMe r@3¢d%dShdel et ed

or replaced by, gi@ityali@NiiRe QEFeeti BR £881fugemArsbai & poteaLially nore
easily |solate8 f f

i_n ac ormfrom 20 . m ¢robi al St i ch have
one or rnore ty?BéﬁnéCFé§‘&Ue§aPeBFa@@GSBﬁe%hb é?b%ﬁﬁgr%ﬁhgﬁf%glﬁﬁre or
less readily tPoft@rng:GIalplt@ll@n@S Formiagr e6Ept OHBPechﬁrgﬂaye[Zsebé‘L o)
cont] nuous G fE Baiy Snra(aadlay SaBonnuFSt gk g e BPBLLLR OB NS
whi ch fragnment €aciy qsosse eardiye hemagopoyebicScrlle, gthe rRRRpEDBE QSﬁdYng)
ggfeagﬁtgtyherss%t%m AN 1% 1 TRLAROLBhECHE FLbuw 08OV PedCELYn! ¥himalb bS
days after S-fluorouracil (5~FU) treatment. The
chemotherapeutic drug 5-FU selectively depletes late

10 hematopoietic progenitors, allowing for detection of
early progenitor cells and hence factors which act on
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%

15 fetal bovine serum, 0.3% agar, and 2x10° bone marrow

' cells/ml. The McCoys complete medium contains the
following components: lxMcCoys medium supplemented with
0.1 mM ﬁyruvate, 0.24x essential amino acids, 0.24x non-
essential amino acids, 0.027% sodium bicarbonate, 0.24x

20 vitamins, 0.72 mM glutamihe, 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.

25 The red blood cells are lysed with red blood cell lysing
reagent‘(Becton Dickenson) prior to plating. Test |
substances are plated with the above mixture in 30 mm
dishes. Fourteen days later the colonies (>1 mm jin
diameter) which contain thousands of cells are scored.

30 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 50 HPP-CFC per 200,000
cells plated. The rat SCF has a synergistic activity on

35 5-FU treated mouse bone marrow cells; HPP-CFC colonies
will not form in the presence of single factors but the



that activity .is not necessary for any one or nore of 30 the products of -
the invention to have therapeutic utility [see, Wiland et al., Blut, 44,
173-175 (1982)] or utility in other contexts, such as in assays of SCF

ant agoni sm Conpetitive antagonists nmay be quite useful in, for exanple,
cases of overproduction of SCF or cases 35 of human | eukem as where the
mal i gnant cells overexpress receptors=f@8 SCF, as indicated by the -
over expressi on of SCF receptors in |eukem c blasts (Exanple 13). - 19 -
O applicability to polypeptide anal ogs of the invention are reports of the
i mrunol ogi cal propeingt ben sYht$ER AN ESE-deSWAFENABELEL AL L8 AFEAYUBI i cate
the amno acid §§qgﬁg$eag§£ nt in naturally-occurring 5 proteins,

gl ycoprotei ns and nucl eoproteins. More specifically, relatively |ow

mol ecul ar wei ght pol ypeptides have been shown to participate in i mune
reactions mhichzareuekgihggain duration and extent to the i nmune reactions

o e e ot mee, O ARGMhed Cusd¥dl Bidloeh1 At bRty BE BEUR
naturally-derived and recombinant rat SCF is the ability
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 biocassay is RPMI
1640, 4% fetal bovine serum, SxIO'SM'2-metcaptoethanol,
and 1x glutamine-pen-strep. The MC/9 cells proliferate
in résponse to SCE 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 uCi
3H-thymidine.(specific activity 20 Ci/mmol), harvesting
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'ﬁxample. 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.




and the like. Included anong the i nmune reactions of such polypeptides is

t he provocation of the formation of specific antibodies in

i mmunol ogi cal l y-active aninals [Lerner et al., Cell, 23, 309-310 (1981);
Ross et al., 15 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 at.30Proc. Natl. Acad. Sci. USA, 78,
4882-4886 (1981); Wng et al., Proc. Natl. Acad. Sci. USA, 79, 20 5322-5326
(1982); Baron et al., Cell, 28, 395-404 (1982); Dressnman et al., Nature,
295, 185-160 (@B2)agandcubryees Sz e idricd\dawrcant4laseesiidenss)].
See, also, Kaisglqetn@l motShbEH5E: of2he 24P Tdn! $i e tedimilddd 41

bi ol ogi cal and |nnuno_og%pal roperties. of 25 synthetic peptides which
approxi mat el y s¥RRelEEeohtBEgLegiert BFERIT: pepti de hornmones but may not

share their prinmary struconrabreDffscué isohe e fuweSaie ipiMaEiead al so
B L R U A A
sequences of SCfheigeowthcofiptebenies ycomwisstiowy pbtismeturaes asesj bed by
Tramontano et Neut PUEhELS, Mh8rBERaged? e optP%, 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 microcarriers 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 pumpé. 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



(1984)]. 35 Representati ve SCF pol ypeptides of the present _
i nvention include but are not limted to[err] - 20 - [err] and [err] in
Figure 15C, [err] and [err] in Figure 42; and [err] and [err] in Figure
44. 5 SCF can be purified using techni ques known to those
skilled in the art. The subject invention conprises a nmethod of purifying
SCF froman SCF containing naterial sucBias conditioned nedia or human
urine, serum the nethod conprising one or nmore of steps 10 such as the
followi ng: subjecting the SCF containing material to ion exchange
;:Er ogaC}:ogr aphy wieh fex a®’ @RLoBRaceddsegchungin chobher doetbhes; andbj ect i ng
e contain A h og® C
e et oo o (ﬁegfg,r%?é By ¥ ;?%1nq\é%t§%ilg 38 ELAYS duehé O 6PEaPRb "
subj ecting t he &itaah tt mﬁmgnqwz@@lt@@t mhcéﬁ%ﬁ’é%%@‘-ﬁaﬁﬂ’f/ eighbt, dBi¥fdi ng of

SCF Growth medium was perfused through the reactor as needed
5 based on glucose consumption. The glucose concentration
was maintained at approximately 1.5 g/L. After eight

days, the reactor was perfused with six volumes of serum
free medium to remove most of the serum (protein '
concentration < 50 ug/ml). The reactor was then operated
10 batchwise until the glucose concentration fell below
2 g/L. From this point onward, the reactor was operated
at a continuous perfusion rate of approximately
10 L/day. The pH of the culture was maintained at 6.9 %
0.3 by adjusting the CO, flow rate. The dissolved oxygen
15 was maintained higher than 20% of air saturation by
' supplementing with pure oxygen as necessary. The
temperature was maintained at 37 % 0.5°C.
Approximately 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 carried out at 4°C
unless indicated otherwise.

1. DEAE-cellulose Anion Exchange'chromatograghy

Condiﬁioned medium generated bj serum—-£free
30 growth of BRL 3A cells was clarified by filtration
through 0.45 u 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 exchange ch:omatography, in similar fashion for each
batch. The DEAE—cellulosé pools were then combined and



to the inmmobilized lectin, and eluting with the use of a sugar that
conpetes for this binding. Details in the use of these nethods wll be
apparent fromthe 20 descriptions given in Exanples 1, 10, and 11 for the
purification of SCF. The techniques described in Exanple 2 of the Lai et
al. U S patent 4,667,016, hereby incprfgpgted by reference are al so useful
in purifying stemcell factor. 25 " Isoforns of SCF are isolated
usi ng standard techni ques such as the techniques set forth in comonly

ouned LS. SerpcBResded: ff AL AL othEryd AEpal St sy @ Jel ke Lot ober

13, 1989, hereBy I NCOr por at e er erence. . so conpr ehended
by the inventi BKaBPdephaTAnddlnfthrteonplriRandkinnmf idindl Rebasalxical 'y
effective amouphg gk EehYBABLI dener pdues se®f cdhdi ¢ I Y inR@ ilaogialer with
sui tabl e diluents, resergatlve sol ubilizers,. emul sifiersg, adjuvants 35 .
and/ or carri er§°ﬂ§§P‘GFaFﬁ SER fi%?a‘biy.“%“q ﬁei&ﬂ&hﬂ%&l Ipfliﬁcé’& i ve anount
as used hersi ntaegential flow ultrafiltration apparatus with four
10,000 molecular weight cutoff polysulfone membrane
cassettes (20 £ft2 total membrane area; pump rate -~1085
ml/min and filtration rate 250-315 ml/min). Diafiltra-
tion/buffer exchange in preparation for anion gxchénge
10 chromatography was then accomplished by adding 500 ml of
50 mM Tris-HCl, 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 conceﬁtrate&/diafiltered preparation was
15 £inally 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-HCl, 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 biological
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.




- 21 - to that amobunt which provides a therapeutic effect for a given
condition and adm nistration regi nen. Such conpositions are |iquids or

| yophilized or otherwi se dried formrulations and include diluents of various
5 buffer content (e.g., Tris-HO ., acetate, phosphate), pH and ionic
strength, additives such as albumn or gelatin to prevent adsorption to
surfaces, detergents (e.g., Tween 20, -Tvgenr 80, Pluronic F68, bile acid
salts), solubilizing agents (e.g., glycerol, polyethylene 10 glycol),
anti-oxidants (e..g., ascorbic acid, sodlun1netab|sulf|te) preservatives
(e.g., Thimerosal, kehzy4 @éboﬁrﬂ;r;kwcﬁnﬂhﬂqmaﬂﬂqqamgxsubstances or
tonicity nDdifiers (e.g lye B Ym

pol ymers such as pol yet hy?t%géf)?&co to #cﬂel)cplr \eell%r% %th"vé%gg“ bedq{r}le
Exanpl e 12 beIoDEAECGleékgﬁeomo BRs Nl £QoeRachoof |ﬁ@6r§6#at|on of the

material into oeoeaielaeéalﬁwﬁeoﬁ&p@g a:témscézi £e0lap@Riel q FepMpoOUNds such
as polylactic acid, polglycol|c acid, IB¥ o els, etc. or into uéfosones

m croemul si oRs, SXARR ?esfr%ﬂF}%ﬂ%l$5r Fhﬂtﬁqnaﬁ§PW&r1Fb§' _
erythrocyte ghoeése e6mBPheéd Opt G4 S . v&mﬁe Q@BYOHil)i @nd Woncemfdatyd ecd he

physi cal state,asggggilbgyﬁmgtggi+£tgi &f%ﬁiéﬁeid§€”€€)Amicon stirred

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

10 equilibrated in S50 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 agglutihin 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 was then
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 thé chromatographic runs is shown in Figure 3.
35 Portions of the fractions to be assayed were dialyzed
against phosphate-buffered saline; 5 ul of the dialyzed




rel ease, and rate of in vivo clearance of SCF. The choice of conposition
w || depend on the physical and 25 chem cal properties of the protein
having SCF activity. For exanple, a product derived froma nenbrane-bound
formof SCF may require a fornulation containing detergent. Controlled or
sust ai ned rel ease conpositions include formulation in |ipophilic depots 30
(e.g., fatty acids, waxes, oils). Also34&onprehended by the invention are
particul ate conpositions coated with polyners (e.g., poloxamers or

‘pol oxam nes) and SCF coupled to anti bodies dirg;ted agai nst tissue-specific
receptors, |ig@dserdalaniegenplaredotPredtis ¥o/gaidsadr (§P™ i"?iﬁ‘@-ssdé’ci fic

receptors. CIhQﬁg&EFDQH”BﬂHSIOfuIhfnﬁﬁ”ﬁhhﬂHPRHCFCOEsbbg i ev@pdhiyon
i ncorporate particul ate. - .22 for protective i + RLOQL ease
i nhibitors or ' iv&’}u@ﬁhéﬁcg?gufsgljbar i g%sccaf'{o\thee;s%%%‘ %&rs?itnﬁ:s%r ati on,

i ncl udi ng par eriotriale matlexdadr poundstb tihel cokumn Bnd was elutedThd th

Invention alsSo GOMY I 56% 2R3 LkbS3Rine, whereas much of the |
contaminating material passed through the column Quring
sample application and wash.

4. S-Sepharose Fast Flow Cation Exchange Chromatography
10 Fractions 211-225 from the wheat germ .
agglutinin-agarose chromatography shown in Figure 3 and
equivalent fractions from the second run were pooled
(375 ml) and dialyzed.against 25 mM sodium formate,
pH 4.2. To minimize the time of ekposure 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
coiumn 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
pH 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




i ncl udi ng one or nore additional hematopoietic factors such as EPO, G CSF
Gw CSF, CSF-1, IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10,
IL-11, 1G--1, or LIF (Leukem c Inhibitory Factor). 10

Pol ypepti des of the invention nmay be "I abel ed" by association with a

det ect abl e mar ker substance (e.g., radiolabeled with [err] or biotinylated)
to provide reagents useful in detectianagnd quantification off SCF or its
receptor bearing cells in solid tissue and fluid 15 sanples such as bl ood
or urine. Biotinylated SCF is useful in conjunction with inmobilized
streptavidin t&rpumg@nbewhm®<dﬂﬂkyﬁeﬁ'h@mﬁdbmn@hmsphamekbu&&hmh@gous bone

marr ow L anspl AN add o ! B1eteSTiaks YRl lshD COREUBGH 8 Wb 20

i mmobi i zed strep avﬂdl em ce Is I'n auto ogous “or
al | ogenei ¢ st erhrcdlilgurien ‘hd:thﬂ?ogfdms Ht&JQ;IJJtdg@rfelbdoﬂésécnéﬁ-Nowctlve

transpl antati ofya + ki) GANIHHET Rignhe whlmaas u'h'b‘é'u'ﬁd[ U%er%ra%gmugu n
Biol. Res. 288, 403-412 (1989)] dlpt eria toxin ol t

Inst., 55, &739f melmqammﬁflr%mfﬁfﬂ@de?% &§éf ma5f Grlud-letdeé-tn
anti - neopl asti Qﬁéﬂ@aap;y dradigite, 13) or as a conditioning reginmen for bone

narOMItranspIantatlon
5. Chromatography Using Silica-Bound Hydrocarbon Resin
Fractions 4-40 from the S-Sepharose column of

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:isoprdpanol; 25:75) and applied
at a flow rate of 540.ml/h to a C, column (Vydac
Proteins Cyui 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 pocl 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
preparatidn for biological assay: Similarly, 40 yl
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 ul aliquots of the pfepared
gradient fractions; cpm in Figure 5). The assay results
also indicated that about 75% of the recovered activity
35 was in the runthrough and wash fractions, and 25% in the
gradient fractions indicated in Figure S. SDS-PAGE



Nucl eic 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
biotin) and enployed in hybridization processes to |ocate the human SCF
gene position and/or the position of any related gene famly in a
chronosomal map. They are al so useful 35 for identifying human SCF gene

di sorders at the DNA | evel and used as 3germe markers for identifying - 23
- nei ghboring genes and their disorders. The hunman SCF gene is encoded on

chronosone 12, and the nurine SCF.gene maps to chronosone 10 at the Sl
| ocus. SCF is Ubaemmli gl Makuee. i 22 BorfifiOT&BiSod LA7OM 5stackéngt B€A&py, in the

treatment of ac-pHERERe@f 4PERIPPUSYIGrAIdRORAAr SepREhtEAl Eem.sed al one or
with one or m)‘r:e %‘d?,',t oggl. {ema}o ol el‘tlcza f.%%t]og ggch as$ Igg v(}L_CLZSIE,S
GV CSF, CSF-1,CPRtalngd. b2.3%_ &¢/y) aFrylamgae)) of aligyots of varigus | _1g
IL-11, IL-1, |EFattbongl fslfhowm imeriqurat Bent Fot haengepoishibwn ,di sorders.
There is a groypnleSLeMygsts JLsQ & ed WNat vacuum and then
redissolved using 20 ul sample treatment buffer
(nonreducing, i.e., without 2-mercaptoethanol) and
boiled for 5 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 5) 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



are characterized by a reduction in functional marrow nmass due to toxic,
radi ant, or immunologic injury and which nmay be treatable with SCF. -

Apl astic anema is a 15 stemcell disorder in which there is a fatty
repl acenent of hematopoietic tissue and pancytopeni a. SCF enhances

hemat opoi etic proliferation and is useful in treating aplastic anem a
(Exanple 8B). Steel mce are used as a del .of human apl astic anem a

[ Jones, Exp. Hematol., 20 11, 571-580 (1983)]. Prom sing results have.
been obtained with the use of a related cytokine, GWCSF in the treatnent

of aplastic anefigdrlARLI Nrngls @aterBhPOGas 71%cril:?c9@t.(o'k;9& rled Rayil Q\?@’%ﬁlb
ed by

noct urnal henogl éhinuria (PNH). is a_stem di sorder char cterlz

formation 25 &fSd&f &S5 l&Ilé’tyelaét Qeéﬁﬂlﬁ?‘%@arﬁﬁ% EXEPHAN2 %2 abnor mal
erythrocytes. IlaQ@eérarcmmw (di.deas@ss Vit hared esYowadt aillow widtde SGB-EDhese

I ncl ude the foIIo of i.brosi s el i Osd 6OPELT9S
netastatic car® gw&%rfg}é%&&ft’e e éﬁkgﬁ?% Oﬁ(ﬂ%ﬁi %oy%lots)énaro I?ds

di sease, | yrsph(almlv@euychas d rditheasent hi ouginn - d K5Ok sJel'aSHad_Jeﬁrtterer- Si we
~di sease, refragly %@E %@@t sﬁ ESF@% &rﬁ@é'@ﬂ EhSWKEP® that

congestive splenonega I'n’ s di seas Kal a azar, sarcoirdosis, primary
of the actlve gradlent fractions in Figure 6. Active

fractions were pooled {29 ml}).
An analytical C4'column was also performed
10 essentially as stated above and the fractions were
assayed in both biocassays. 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 peak seen in S-Sepharose chromatography -
(e.g. Figure 4, fractions 62-72, early fractions in the
20 -salt gradient) has also been purified by C,
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 C,
_ 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



35 splenic pancytopenia, mliary tubercul osis, dissem nated fungus di sease,
Ful m nating septicema, nmalaria, vitamn - 24 - [err] and folic acid
deficiency, pyridoxine deficiency, D anond Bl ackfan anem a,

hypopi gnent ati on di sorders such as piebaldismand vitiligo. .The erythroid,
nmegakaryocyte, and granul ocytic stinulatory properties 5 of SCF are
illustrated in Exanple 8B and 8C. Enhand®nent of growth in

non- hemat opoi etic stemcells such as prinordial germcells, neural crest
derived nel anocytes, conm ssural axons ori igating fromthe dorsal spinal
cord, crypt cells of-the gut, 10 nesoﬁ@ﬁﬂ%’ and net anephric ki dney

tubul es, and ol factoryghmhlgyi 6£oPubenetation-oftMdmmalien eS€Peci fic tissue
damage has occurred to"These sites. SCF Is useful for treating neurol ogical
damage and is a—growth—faster—or—herve—eets—Se—s—usefut—during—n
vitro 15 fertilization procedures or in treatnent of infertiTotglstates.

SCF i s usef l E%r treating intestinal danage ogfyhélngljrppbtéiﬂdkﬁgusn or
chenot her apy.

Conditioned medium 335,700 13,475
DEAE cellulosel | . . 2,900 2,164
ACA-54 _ ' 550 1,513

10 Wheat germ agglutinin-agarose2 375 431 _
S-Sepharose ' 5404 10
c, resin3 | | 57.3  0.25-0.406

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

15 5. as described above in this Example, precipitated
material which appeared during dialysis of this
sample in preparation for S-Sepharose chromatography
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 seguence as described.

4. Only 450 ml of this material was used for the
following step (this Example, above). '

5. 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
g 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
(lane 1), and 40 ul of the pool for the second C, column
(lane 2). These gel lanes were silver-stained.

35



There are stemcell nyeloproliferative disorders such as pol ycythem a vera,
chroni c nyel ogenous 20 |eukem a, nyeloid matapl asia, primry

t hrombocyt hem a, and acute | eukem as which are treatabl e with SCF, ant|-
SCF anti bodies, or SCF-toxin conjugates. There are numerous cases which
docunent the increased proliferation of |leukemc cells to the 25

hemat opoi etic cell growh factors GCSRBIGWCSF, and IL-3 [Delwel, et al.,
Bl ood, 72, 1944-1949 (1988)]. Since the success of many chenot herapeutic
drugs depends on the fact that neoplastic cells_cycle nDre actively than
normal cells, $cReguwdr selghtcAABKARE| BT S dH %%ﬁc‘b‘tm foktors acts as a

growth factor fRqueo astnsp meRltlisnaay eg@sdifzese 4@&hﬁ;tom c effects
of chenotherapeutlc dr ug The qv r.essi r ors on. | eukem ¢
bl asts i s showfa4%f Vg3 an ﬁﬁﬁﬂgr the gecﬁm t%%%’fre’t?%
factors 35 are n&pﬂmm urm/eﬁfoilgglibamlfoactmrmaaitnhay, ttheshorten the
Iedkocyte nqgiragggég&trgk éé%Bé%@?@Bt@Srf£¥ge1y'd3§ to heterogeneity

'~ in glycosylation. )

To characterize the glycosylation, purified
material was iodinated with 1251, treated with a vériety
of glycosidases, and analyzed 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 5, 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]-l-propanesul-
fonate (CHAPS), 33 mM 2—mefqaptoethanol, 10 mM Tris-HC1,

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-alpha-N-acetyl-galactosaminidase) was used at 45
mllllunlts/ml. N~-Glycanase (Genzyme;

25 peptide:N-glycosidase F; peptlde-N4[N-acetyl -beta-
glucosaminyllasparagine 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.gq.



‘and radi ation regi nens. Al though these factors are very useful in this
setting, there is an early hematopoietic conpartnent which is damaged,
especially by radiation, and has to be repopul ated before these
later-acting 5 growh factors can exert their optimal action. The use of
SCF alone or in conbination with these factors further shortens or
elimnates the | eukocyte and pl atel et “ndli 7 resul ting from chenot herapy or
radiation treatnment. In addition, SCF allows for a dose 10 intensification

of the anti-neopl asti r . rradi- n.r ef ul
for expanding 8 VF?ngﬁgF8p5e5g g ggéeﬁgbgﬁse§§§gﬂﬁ%eﬁ%9)n) oggngﬁc or
aut ol ogous bonbenanbsWrataBsﬁbanta3|ghyC¢HedaseSoftQSvehbﬁhtb@@tethc growt h

factors has be e ut h y after
transpl antati o {FDSAaRaSe EREFESC eRE LerR heCioeyaRp i“é%%‘iiﬁ%ﬁ% te et

al ., J. Exp. Mwdth pdycosidases, b@EQBP)FUbFSFaBBnetﬂBY?ﬁMﬁYr apl BReati on,

the fol | ow Bg §15RR sIeaRs %r%ono%r ehemed1akeneoRtriBuEDAPi fat ben:  a
donor is treatéd with SCF alone or, .in con& ati.on with ot her hematopoietic
factors prior PESEHFWathGwVasSHartdedn 96 BQPF Bheral bl ood | eucophoresis

to increase the nunber ofGlycosidase 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-mercaptoethanol, 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, final concen-
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-mannose 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 79, 4540-4544
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




cells available for transplantation; the bone marrowis 25 treated in
vitro to activate or expand the cell nunber prior to transplantation;
finally, the recipient is treated to enhance engraftnent of the donor
marrow. SCF is useful for enhancing the efficiency of gene therapy based on
transfecti'ng (or infecting with a 30 retroviral vector) hematopoietic stem
cells. SCF permts culturing and nulfiﬁFiEation of the early hematopoietic
progenitor cells which are to be transfected. The culture can be done with

SCF al one or i oni Qn_with LL; L3 ' 5.trapf ed,
these cells argrt g%e%%%ﬁéegg%% g%bggg §3%§8§?§rgﬁé%?%g?ggﬁgol%a ?egﬁé.
suf fering fromapmpdiexc type; 2604- sdpddedacdd L&i Rfesent, Whth apcigassci,

86, 8892-8896 (JARO)f i S ggRe bl Ak &3 Ug ik tr kNg
genetic disorders |ﬁkid§§%§§g§oggﬁé geaﬁ?ﬁgge?lg%ucocﬁ%gg%%gidagg&b

henogl obi n, andnfRAMation pbpusspessipie; sikearaf Fotlpkageneal Bf acquired

i mmune . S obtained from amino acid sequence data (Example 2). The
fact that treatment with N-glycanase, endo F, and
N-glycanase/neuraminidase can convert the heterogeneous
material apparent by SDS-PAGE to faster-migrating forms
which are much more homogeneous is consistent with the

10 conclusion that all of the material represents the same
polypeptide, with the heterogeneity being caused by
heterogeneity in glycosylation. It is also noteworthy
that the smallest forms obtained by the combined
treatments with the various glycosidases 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 région (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



deficiency (AIDS) or severe conbi ned i nmunodeficiency states (SCI D) al one
or in conbination with other factors such as IL-7 (see Exanple 14).
Il'lustrative of this 10 effect is the ability of SCF therapy to increase

t he absolute | evel of circulating T-helper (CD4+, [err] |ynphocytes. These
cells are the primary cellular target of human i nunodeficiency virus (H V)
| eadi ng to the i munodeficiency state~i A2ArDS patients [Mntagnier, 15 in
Human T-Cel | Leukem a/Lynphoma Virus, ed. R C @llo, Cold Spring Harbor,
New York, 369-379 (1984)]. In _addition, SCF is$ ua@iul for, conbattjng the

nyel osuppr essi F@VELSEcERage BRLC HSYngr 9S4 sBRATALIET FXIRRP L Y¥893%i ences,

45, No. 4 (19830 X2@idebore, 2 mmSKFlbscmpel thd @rovwianciayy dlrrmdpoi etic
boost 1o the | MhHb 2 SrEAT GEE4sRY F5ORBaF T AL LS A P AP Rl o of
the therapeuti anifiludroarfe it digigly/ 3itnmohéléupbaserB effilhicenent by a
e ST SREUHA el aamybedat e ooseney 58 polia 1o,
as one or nore Rhass Ak @R idke Phager §rin 79 min followed by

isocratic elution for another 10 min at a flow rate of

0.2 ml per min. After subtraction of a buffer bladk

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 conditionms.

"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
specifically 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 C4 column of Figute 5 was dried
under vacuum. Then 150 ul 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 pl 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 9-18%
SDS-polyacrylamide gradient gel (0.7 mm tﬁickness, 20x20
30 cm). Protein bands in the gel were electrophotetically
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. Chen.,
261, 10035-10038 (1987)]. The transferred protein bands
35 were visualized by Coomassie Blue staining. Bands were
present at M, -29,000-33,000 and M, ~26,000, i.e., the




30 tenporally spaced or given together. Prior treatnment with SCF enl ar ges
a progenitor popul ation which responds to term nally-acting henmat opoietic
factors such as G CSF or EPO. The route of admnistration may be

i ntravenous, intraperitoneal sub-cutaneous, or intramuscular. 35

The subject invention also relates to antibodi es specifically binding stem

cell factor. - 27 - Exanple 7 bel ow glgscribes the production of
pol ycl onal antibodies. A further enbodi nent of the invention is nonocl onal
anti bodi es specifically binding SCF (see Exanple 20). In contrast to

conventi onal EkgQg%s?laé@ehy%anahlypp@@aialI prefahi €6 Eyamphé | YD} ncl ude
different anti directed _a L nt deter nantﬁ$éep|topes)
each nonocl onaFigutenddy F8eqfPERELd agﬂuﬁg?f352?55|% 8987 hfhant on the

a”tigen-_anQChaﬂékiamthhddth& aaetasefaprEEenh$rmaeethel1ﬁrOQEWEtchvity
anti gon- ant | bolly ISP RERRGa RPBSELaKS, Lg, beiBuedr o HnErbands Werlleus o
from serum SA out and directly loaded (40% for M, 29,000-33,000
protein and 80% for M, 26,000 protein) onto a protein
sequencer (Applied Biosystems IncC., model 477). Protein
sequence analysis was performed using programs supplied
by the manufacturer [Hewick et al., J. Biol. Chem., 256
10 7990-7997 (1981)] and the released phegylthiohydantoinyl
amino acids were analyzed on-line using microbore C;g
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 pmol 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. 1In-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 obtained from
30 methionyl peptide bond cleavage by CNBr.
Both bands yieldéd identical mixed sequence
signals listed below for the first five cycles.

35
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second advant age of nonoclonal antibodies is that they can be synthesized
by hybridoma cells in culture, 15 wuncontam nated by ot her imunogl obulins.
Monocl onal anti bodi es nay be prepared from supernatants of cultured

hybri doma cells or fromascites induced by intra- peritoneal inoculation of
hybridoma cells into mce. The hybriquq techni que described originally by
Kohler 20 and MIstein [Eur. J. Immunol. 6," 511-519 (1976)] has been

wi dely applied to produce hybrid cell lines that secrete high | evels of
nonocl onal anti bodi es agai nst many specific antigens. The foll ow ng

exanpl es are 1 fottyT1ttustTare the i nvention, but are not
to be construed as-lim t2mine hcidsJdantdfisd ExAVPLE 1 :

Purification/ C&gggtfgi zgg%/grt_;p‘i; Stem Gald; Eeator 30 fromBuffalo
Rat Liver Cell ndi toned Medjum A,, In |Lr% %Log glcal Assays 1. HPP-CFC
Assay 35 Cycle 24,cR8Pp ERG! odY ety a5t T5P4I glcal activities which can

be attributed tpclbe3natasal Sermedisn Brat; €l
Cycle 4: Asp; Asn; Ala; Pro; Leu
Cycle 5: Ser; Tyr; Pro

10 Both bands also yielded similar signals up to 20
cycleé. The initial yields were 40-115 pmol for the M,
26,000 band and 40-150 pmol for the M, 239,000-33,000
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

0 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 (1981)] or may
occur in vitro during purification. Two post-

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



- 28 - as well as the reconbinant rat SCF protein. One such activity is its
effect on early hematopoietic cells. This activity can be neasured in a
High Proliferative Potential Colony Formng Cell (HPP-CFC) assay [Zsebo, 5
et al., supra (1988)]. To investigate the effects of factors on early
hemat opoi etic cells, the HPP-CFC assay systemutilizes nouse bone marrow
derived fromaninmals 2 days after. 5-fluorouracil (5-FU) treatnent. The-
chenot herapeutic drug 5-FU sel ectivet yA3depletes |ate 10 henat opoietic
progenitors, allomdng for detection of early progenitor cell s and hence
factors which ac e The rat SCE i ted in the presence of
CSF-1 or IL-634F ér?l ESI' geéga?t%m'ﬁﬂ é’§cufhecagﬁf ﬁﬁt?ﬁe’% %ontai n McCoys
conpl et e nedi met@BCOpnsEeYR48. fBikd daowibrecorfinmed. B¥oisydratimnd 2x105

bone marrow C%Aas/rdziss Ie:gsc%aaa!é £ A ;@eefumm@frumgfol | owi ng

conponents: | xNcCo ys me |un1sup£ enent e 0. 24x
essential am fegKess Peptide.-nohf BRI ARING tEARLBUS P sa BE =AM S6&di um
bi carbonat &5 Cbﬁfbana&e,vubamasm@nmf n¥sglgatnma-amideSederdddud. L-serine,

and 12 [err]/reyéifyayi %ghggollgggt¥“53JEHHEO@EQELL§1§¥e and the free
N-terminus can then occur to yield pyroglutamate. To
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 50
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 ofto 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 iﬁcluding 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-Va1-A]a-Asn-LeuePro-Asn-Asp-Tyr-Met-Ile—Thr-ﬁeu-Asn-Tyr—Va]-
30
. 40
Ala-Gly-Met-Asp-Val-Leu-Pro-Ser-His-xxx-Trp-Leu-Arg-Asp-.........
xxx, not assigned at position 43

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



obt ai ned from Bal b/c nice injected i.v. with 150 ng/kg 5-FU. The fenurs are
harvested 2 days post 5-FU treatnent of the mce and bone marrow i s-fl ushed
out. 25 The red blood cells are lysed with red blood cell |ysing reagent
(Becton Di ckenson) prior to plating. Test substances are plated with the
above m xture in 30 nm dishes. Fourteen days later the colonies (>1 mMmin
di aneter) which contain thousands of eeldgbs-are scored. 30 This assay was
used throughout the purification of natural mammualian cell-derived rat SCF.
In a typical assay, rat SCF causes the proliferation of approxinmately 50
HPP- CFC per 20&.000sodlaltdon aindd SeGaencat ABEEybas afsgN8rgPepkddasti vity on
35 5-FU treated nouse bone marrow cells; HPP-CFC colonies will not formin
the presence of single factors but the - 29 - conbination of SCF and
CSF-1 or SCF and IL-6 is S&dt ipweiifiedhias dgskyamplent; ¢ 2As28yvs:
Anot her usef ul 1bigal10% GHo1ACHIa4 ok eQdfteROWAth N-glycanase as described
5 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% trifluoroacetic acid.

10 CNBr peptides were separated by reverse-phase HPLC using
a C, 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



natural | y-derived and reconbinant rat SCF is the ability to cause the
proliferation of the IL-4 dependent nurine nmast cell line, MJ9 (ATCC CRL
8306). M9 cells are cultured with a source of IL-4 according to the ATCC
CRL 10 8306 protocol. The nmediumused in the bioassay is RPM 1640, 4%
fetal bovine serum [err] 2-nercaptoethanol, and 1x gl utam ne-pen-strep.
The MC/9 cells proliferate in responsedfo- SGF without the requirenment for
other growmh factors. This proliferation is nmeasured by first 15 culturing
the cells for 24 h'without growth factors, plating 5000 cells in each well
of 96 well plates with test sanple for 43h pulsing for 4 h with 0 5 1
3H-thym di ne (specific actga¢bhiop0 C /ol ), harvesting the solution onto
glass fiber filters, and then 20  neas ring gpeci fical | y- bound
radi oact i vi ty.Peptide assayl WAs(RI®&d i n4H8GSuri fi cati on of manmalian cel
derived rat SCF after the ACA 54 gel filtration step, section C2 of this
Exanpl e. TypicglTy, SCF C d a 4-10 I ncrease 1n CPM over background.
25 3. CFU—éRIﬁ%%Aaction o?ﬂg rified naﬁ%%ﬁrah SCF, both naturally-derived
and reconbinant, free frominterfering
cs-6! 22.1 a. 1-T-L-N-Y-V-A-G-(M)
b. V-A-S-D-T-S-D-C-V-L-S-_- -L-G-P-E-K-D-
S-R-V-S-V-(_)-K----

10

CB-8 28.0 D-V-L-P-S-H-C-W-L-R-D-(M)

CB-10 30.1 . (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 T-P-E-E-F-F-S-I1-F-03-R-S-1-D-A-mmnm-

c8-14 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-1inked sugar. | '
30 4. Single letter code was used: A,Ala; C,Cys; D,Asp;
© E.Glu; F,Phe; G,Gly; H,His; I,Ile; K,Lys; L,Leu;
M,Met; N,Asn; P,Pro; Q,G1n; R,Arg; S,Ser; T,Thr;
V,val; W,Trp; and Y,Tyr.

35



colony stinulating factors (CSFSs), on normal undepleted 30 nouse bone
marr ow has been ascertained. A CFU-GM assay [ Broxneyer et al. Exp.
Hematol ., 5, 87 (1977)] is used to evaluate the effect of SCF on nornal
marrow. Briefly, total bone marrow cells after lysis of red blood cells are
plated in sem -solid agar cultures 35_ ggntalnlng the test substance. After
10 days, the col onies containing clusters of >40 cells are scored. 30 -
The agar cultures can be dried down onto glass slides and the norphol ogy of
the cells can Pe d%&ﬁiH&ﬂSﬂ ¥ha §9§Géﬁé9ngléfOEQQIsﬁém8¢@1DSFa£hoﬂornal
nouse bone mar nra was a pluripotenti al
CSF, stlnulatlEﬂ!EﬁéEgEﬁﬂﬂﬂEﬂﬁicolonles conS|st|ng of immture cells,

neutrophils, macrophagesgceogupophelisasabd Begmpbe yb- (2§tep imt hout t he
requirenment for other

col oni es grow dvdr v 9];) “ 85’3‘395{)‘8‘? %ggaroig%?%ﬂgtw% Zﬂﬁﬂestﬁé’cﬂcﬁl ?1:1?1? SCF
stimul ate the prqegueti eaypsinargthddfd £et|3.5nh. The digest was
immediately run on reverse-phase narrow bore C, HPLC
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 (Sectlon A). The sequence analyses of the isola;ed

peptides are shown below:

Retention _
Peptide Time o Sequence
15 (min)
-1 7.1 E-S-L-K-K-P-E~T-R
r-21  28.1 v-S-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-W-L-R
b. S-I-D-A-F-K-D-F-M-V-A-§-D-T-S-D-C-V-
L-§-(_)=(_)~L-G---~

25 T-7% 72.8 E-§-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. '



conbination with EPO, see Exanple 9. B. Conditioned Medium 15 Buffal o rat
liver (BRL) 3A cells, fromthe American Type Culture Collection (ATCC CRL
1442), were grown on mcrocarriers in a 20 liter perfusion culture system
for the production of SCF. This systemutilizes 20 a Biolafitte fernenter
(Model 1CC-20) except for the screens used for retention of mcrocarriers
and the oxygenation tubing. The 75 mcrag aesh screens are kept free of

m crocarrier clogging by periodic back flushi'ng achi eved through a system
of check val ves and conmputer- 25 controlled punps.. Each screen alternately
acts as nedi umcf.eed sl tiamny and seqaenciﬂbiefoE%LI$§gmr@plloﬂﬂggggern

ensures (hat MR GRS ARIY. 6ledusQrgeaceioreute elewded through a
coil of silico n wall). The
grow h medium 30 wused for the culture of BRL 3A cells was M nima

Essent i al Nedium (with Fajdee'gh:3%ien) aeeaﬁcacam 16M ol 2630 nen 3 of L
gl ucose, tr¥#tose phosphate (2.95 % , 5% fetal bovin seruq%? d 5% fetal
cal f serum SThd%farsledt Im¥dRiRORAY |Béﬁ?FE‘&?a‘é§< SRS (P19t %ion of 35

serum The reaqiQj-¢Prciemsk Qlicad@ge? ati ar pcateasesto-substrate ratio
of 1:20. 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) Seguence
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 §-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®l6 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 potential
N-linked sugar attachment site.

35



o

(Pharmacia) at a concentration of 5 g/L and was seeded - 31 - with [err]
BRL 3A cells grown in roller bottles and renoved by trypsinization. The '
cells were allowed to attach to and grow on the mcrocarriers for eight

days. G owm h nedi um was perfused through the reactor as needed 5 based on
gl ucose consunption. The glucose concentrati on was nai ntai ned at
approximately 1.5 g/L. After eight dayssothe reactor was perfused with six
‘vol umes of serum free mediumto renove nost of the serum (protein
concentration < 50 ug/m ). The reactor was then operated 10 batchw se

until the gluctse Gequenicealinalyisdlsl dfeBalv Bteml CeEloratbos pdtetr onward,

the reactor Wa%gﬁge_rﬂt S%Eat ﬁ gq}gt lnuous perfusion rate of approximately 10
L/ day. The pH , ntained at 6.9 0.3 by adjusting the
[err] flow rate. The dissolved-oxygen 15 was naintained higher than 20% of
et s ome o ar) S (0 Bap S0° g YRR K 6585 ERG o {1 ns
serumfree 5 dried to completeness by vacuum centrifugation and then
' redissolved in 100 ul of glacial acetic acid. A 10-20
fold molar excess of BNPS-skatole was added to the
solution and the mixture was incubated at 50°C for
60 min. The reaction mixture was then dried by vacuum
10 centrifugation. The dried residue was extracted with
100 ul of water and again with 50 uyl of 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-1le-Ser-Glu-Gly-Leu-Ser-{Asn)-Tyr-Ser-Ile-1le-
40
20 Asp-Lys-Leu-Gly-Lys-Ile-Val-Asp----

Position 28 was not positively assigned; it was assignéd
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 yl) and Brij-35 was added to 0.05%
(w/v). A S5 yl 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




condi tioned nedi um was generated fromthe above system 20 and was used as
the starting material for the purification of natural manmali an
cell-derived rat SCF. C. Purification 25 Al'l purification work
was carried out at 4C unless indicated otherwi se. 1. DEAE-cellul ose Anion
Exchange™ Chr omat ogr aphy Condi ti oned nmedi um generated by serumfree 30
growt h of BRL 3A cells was clarified bygfiltration through 0.45 [err]
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/ bp6fRinexcibhagaigesdibiAaset & thinset ehi aon &fctexcimnge

were then compprihtand 2daing P BkefEEri ENER 0B ARETH ' sect i one
C2-5 of this Eranpketraviphl oft 6&te, Théesamplies rverd dhicediland bteh was as
oy flwisborghgeﬂelhggﬁsa GRdb! Le9ad WedhugeYesa CPACE Y A &fkd fon WP0A! using
S Dabsyl chloride (dimethylamincazobenzenesulfonyl
chloride) .in 0.2 M NaHCO, (pH 9.0) at 70°C for 12 min
[Chang et al., Methods Enzymol., 90, 41-48 (1983)]). The
derivatized amino acids (one-sixth of each sample) were
analyzed by narrowbore reverse-phase HPLC with a
10 modification of the procedure of Chang et al.
[Techniques 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. Aftér 2 h incubation, Ala was detected
at a 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 carboxyl terminus, consistent with the sequence
analysis of a C-terminal peptide, S-2, which contains
C-terminal Ala. This conclusion is also consistent with
. 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-§-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 ié this
30 Example). The C-terminal sequence of ---P-V=A-(A)
restricts the protease cleavage to alanine only. The
amino acid coﬁposition 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




5 tangential flowultrafiltration apparatus with four 10,000 nol ecul ar
wei ght cutoff polysul fone nenbrane cassettes (20 ft2 total nenbrane area;
punp rate -1095 m/mn and filtration rate 250-315 mM/mn). Diafiltra-
tion/buffer exchange in preparation.for anion exchange 10 chronatography
was then acconplished by adding 500 m of 50 mM Tris-HCO, pH 7.8 to the
concentrate, reconcen- trating to 500-n$2using the tangentlal fl ow
ultrafiltra- tion apparatus, and repeating this six additional tines. The
concentrated/diafiltered preparation was 15 finally recovered in a vol ume
of 700 nl. ThéspeepabPae inofeREdCApP) i edTRYS ot EePFE| beEMARRLAS

exchange col unge(a1s 2@44oeMai¥hagsan DE-52 resin) which had been
equilibrated with the 50 MM Tris-HC , pH 7.8 buffer. After sanple

application, the colum was washed with 20 2050 ml of the Tris-HO buffer,
and a salt gradi.enSegede@ olfl 88€ in the Tris-HO buffer; 4 L tota

vol unme) wascapplied. Fractions of 15 ml .were collected at a flow rate of
167 m/h. TRe chromat ography is shown in Figure 1. HPP-CFC col ony nunber
refers to biological 25 Bycicombipipg the sPpulFe ebtaynedofrpmrr] fromthe

I ndi cated frack 0 neies ac'm%&@ o @ssl QHEaEE” gée&.eée@wtast&?eaéegpl e
application and are not_s own in g
remov1ng its N-terminal pyrogl tamlc acid, (2) the CNBr
peptides; (3) the trypsin peptldes, 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 1l1. The N-terminus of the molecule is
pyroglutamic acid and the C-terminus is alanine as
confirmed by pyroglutamate aminopeptidase digestion 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;lSS, 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



no bi ol ogical activity was detected in these fractions. The behavi or of al
condi ti oned nedi a batches. 30 subjected to the concentration, '
diafiltration/ buffer exchange, and ani on exchange chronmat ography was
simlar. Protein concentrations for the batches, determ ned by the nethod
of Bradford [Anal. Biochem 72, 248-254 (1976)] with bovine serum al bumn
as standard 35 were in the range 30-50SBerr]/m . The total volune of
~conditioned nediumutilized for this preparation was about 336 L. - 33 -
2. ACA 54 Cel Filtration Chromatography Fractions having bi ol ogical
activity from theldEsttering:osldokeansarhahydrakachs oindheased by

condi tioned nedigedadllEes dtafediimgd to above (for 5 exanple, fractions
87-114 for the run shown in Figure 1) were conbined (total volune 2900 nl)
and concentrated to a final volune of 74 mMl with the use of Amcon stirred

cell's and YMLO menamims Aciid TComlodiitdbnadasaappised &6 BRLAGAend (LKB) gel
filtration (§)|%]§F§a%t{:roer._2)_ '

Material from the C, column of Figuie 7 was
~prepared for amino acid composition analysis by
concentration and buffer exchange into 50 mM ammonium
10 Dbicarbonate. | .
Two 70 ul samples were separately hydrolyzed
in 6 N BCl 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



10 equilibrated in 50 MM Tris-HO, 50 MM NaCl, pH 7.4. Fractions of 14 m
were collected at a flowrate of 70 mM/h. Due to inhibitory factors
co-eluting with the active fractions, the peak of activity (HPP-CFC col ony
nunber) appears split; however, based on previous 15 chromatograns, the
activity co-elutes with the major protein peak and therefore one pool of
the fractions was made. 3. Weat GErn1AggLutinin-Agarose Chr omat ogr aphy 20
Fractions 70-112 fromthe ACA 54 gel fil®dation colum were pooled (500

m ). The pool was divided in half and each half subjected to chromatography
usi ng a wheat germ aggl utini n-agarose colggggbﬁ X 24:5 cm resin fromE-Y

Laboratories, 25 San WMateo, CA wheat ger ut|n|n recogni zes certain
car bohydrate struct . .

7.4. After the sarrp’-a

v d a T
m of. the colum buffer, aﬂg1 é.&gg@ 30

acconpl i shed by appl ying gii%?ﬂ ]'aégquz
di ssol ved ingthe colum b rac

Fractions of 13 ag%ndvacy§r e colduﬁc}pd aﬁuna#fl ow rate of ¥Z¢ nljfhy One

Asx - 24.46 24.26 _ 25 28
Thr 10.37 10.43 11 12
Ser 14.52 14.30 16 24
Glx. 11.44 11.37 _ 10 . 10
10 Pro 10.90 10.85 9 10
Gly 5.81 6.20 4 5
Ala 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
I1e 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 C2.11 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 1‘8,4243

1. Based on 158 residues 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

Inclusxon of a known amount of an internal
standard in the amino acid comp051tlon analyses also
allowed quantitation of protein in the sample; a value
of 0.117 mg/ml was obtained for the sample analyzed.

35



of the chromatographic runs is shown in Figure 3. 35 Portions of the
fractions to be assayed were dial yzed agai nst phosphate-buffered saline; 5
ul of the dialyzed - 34 - materials were placed into the MJ 9 assay (cpm
values in Figure 3) and 10 [err] into the HPP-CFC assay (col ony nunber
values in Figure 3). It can be seen that the active material bound to the
colum and was eluted with 5 the N-acepyl-D-glucosam ne, whereas nuch of
the contam nating material passed throué the col um during sanple
application and wash. 4. S-Sepharose Fast Flow Cation Exchange

Chr omat ogr aphy 10 Fractiong @ fromthe wheat germ
aggl uti ni n-agar ose chronatography shomn I'n |gure_3 and eqU|vaIent

fractions fromthe sekd : £g aggdhiamany »ed agai nst 25
mM sodi um formate, pH 4. 2. To n1n|n12e the tine of exposure to low pH the
15 dialysis was done_qver a, W th

four changes bBingPRRadfdcation; apdgSaanentind Qf Rat SCE gPNAL s djalysis

period, thessapphgments

~ Determination of the amino acid sequence of

fragments of the rat SCF protein made it possible to
design mixed sequence oligonucleotides specific for rat

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

15 (1987)]. The oligodeoxynucleotides were synthesized 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, guanine; I, inosine. The * in Figure 12A represents
oligonucleotides which contain restriction endonuclease
recognition sequences. The sequences are written 5'+3',

A rat genomic library, a rat liver cDNA

25 library, and two BRL cDNA libraries were screened using
32p_1abelled 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 encompassed by two DNA primers is amplified
selectively in vitro by multiple cycles of replication




vol une was 480 m and the pH and conductivity of the sanple were close to
those of the dialysis buffer. 20 Precipitated naterial appeared in the
sanple during dialysis. This was renoved by centrifugation at 22,000 x g
for 30 mn, and the supernatant fromthe centrifuged sanple was applied to
a S-Sepharose Fast Flow cation exchange colum (3.3 x 10.25 cm resin from
25 Pharnmaci a) which had been equilibrated n the sodium formate buffer.
Flow rate was 465 m/h and fractions of 14.2 ml were collected. After
sanpl e application, the colum was washed with 240 m of colum buffer and
el ution of boum@h@&yaﬁdmbymassuﬂhﬁbi@ oA pplapprraseg(sudb agr Rdg&nDNaf

0. 750, M Nadl haGinerlasss] el de GalddmncRUbkCheokohak1 gbadgnt vol une 2200

begi nning~at_ "fraction -45 1 n : ution ile is _shown in
Fi gure 4. CDIIé@ﬁ&?QSERQQQﬁuéQM%W§Q%&FGSF§&1F6 pHT?§759359f&Gdeleﬁ of 200 -

[err] of 0.97 MCR iasnglasd cabiionispased bndtke éliaganiclebeideo the
reggl ES obt %I n%d fmr]er}sh%hl\{%/hg gj.l.laonlkoqghcealD Ssaéme%‘%r rt' ogsé gInp&h%Legd gt ed
hybridize to opposite strands. PCR with double-sided
specificity for a particular DNA 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 mixture [Loh et al., Science, 243, :
217-220 (1989)]. /

15 The DNA products of successful PCR
amplification reactions are sources of -DNA sequence
information [Gyllensten, Biotechniques, 7, 700-708
(1989)] and can be used to make labeled hybridization
brobes 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



fractions were dialyzed agai nst phosphate-buffered saline, and 20 [err]

pl aced into the assay. It can be seen in Figure 4 that the majority of
biologically active naterial passed through the col um unbound, whereas
much 5 of the contam nating material bound and was eluted in the salt
gradient. 5. Chromatography Using Silica-Bound Hydrocarbon Resin Fractions
4-40 fromthe S Sepharose columm of 16- Bhgure.4 were pooled (540 m). 450
m of the pool was conmbined with an equal volune of buffer B. (100 ni
ammoni um acetate, pH 6:isopropanol; 25:75) and a%PILed at a flowrate

of .540.m / h totaue[ar]embmﬁnﬂ(a/m Pras bt ioed Ang BCRs @ . 2quffi br at ed

with buffer A a (&5 &H%FH] Frel fifad NpL i FHRANIP éyuﬁg 62.5:37.5).
After sanple app |cat|on flow rate was red ced tQ 154 /$%€]nd t he
col um was wasHGAEINSOPNA SATWRAGRMGRT ANG fehe TPt AL 1 buffer A

to buffer B (t gdrdtemn Uids 1Pt 4l dedasn IR SPE ed:marmhquame ofisr oth&0 9.1
Themczlecgflunicg’?%ﬁfmo t|o %%E%ﬁ@ﬁrﬁ’%t fr.000| fSe&(k]k wash poo %rgrgfgﬁght
to 40 [err] bOV¢$E2$ME®ﬂfB¢hUR¢R pyodmhﬁ5|&ﬁﬂ<ﬁ B dFiatangoBdn® of a
1 mg/im stock Soéqééggrxﬁgg below in section C of this Example. xhe
techniques used in obtaining the rat SCF cDNA are
described below.
10 RNA was prepared from BRL cells as described
by Okayéma 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 First-strand cDNA was synthesized using 1 ¥g
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 using 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 neutralize 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 poésible 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)1].

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



25 dial yzed agai nst phosphate-buffered saline in preparation for biological
assay. Simlarly, 40 [err] aliquots of the gradient fractions were conbined
with 360 [err] of phosphate-buffered saline containing 16 [err] bovine
serum al bumn, and this was followed by dialysis 30 agai nst

phosphat e-buffered saline in preparation for biological assay. These
various fractions were assayed by the‘hﬁ?g'assay (6.3 [err] aliquots of the
prgparfddg{ﬁdlenL fraction?; cpmin Figure 5). The assay results al so

i ndi cate at _about . 75% th over ed tiwity 35 was in the runthrough
and wash fract ®6XEF34n 1%g$§ﬁﬁgt%gﬁargﬁ}%ﬁégéﬁ%k(yéﬁézindicated in Fi ureg
5. SDS-PAGE sim@8Gtangbasiyli , Whehupeine@p GosSmase: iorgy e ret ee@twagdgel s

cont ai ned 4% (w_.v rvl apld td o8 ek 1 /
scryi an dei of t8 Leasel Sl ScBURuTEPEER DA ML LIRS N8 ) i he
gel “shown, 5 L§ighit 3 Rer 86d( 1889 LhdekorRgar ARRRRL 13N +REF ssol ved

usi ng 20 [ €&l ] y8aEpliadicarlednimbnf ber prRORICHSIMBntr S ioni vdsUhigh,
- mer capt oet hanol) an . .
shorter annealing times and higher primer concentrations
were used to increase yield. A major factor in
determining the annealing 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, Promega, or Perkin-Elmer

15 Cetus. The reaction compounds were used as suggested by
the manufacturer. The amplifications 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
subsequent amplification with one or more internally-
nested primers. Final confirmation was by dideoxy

30 sequencing [Sanger et al., Proc. Natl. Acad. Sci. USA,
74, 5463-5467 (1977)] of the PCR product and.compa:ison
of the predicted translation products with SCF peptide
sequence information.

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




boiled for 5 min prior to loading onto the gel. Lanes A and B represent
colum starting material (75 [err] 'out of 10 890 m) and col um runt hrough
(75 [err] out of 880 m), respectively; the nunbered nmarks at the left of
‘the Figure represent mgration positions (reduced) of markers having

nol ecul ar weights of [err] tinmes the indicated nunbers, where the markers
are phosphorylase b 15 (M of 97, 400%, sBovi ne serum al bumn (M of

66, 200), oval bumn (M of 42,700), carbonic anhydrase (M of 31, 000),
soybean trypsin inhibitor &Nr of 21,500), and’lysozyme (M of 14,400);

| anes 4-9 repr¢38AB)lhe Be PUsp@ﬁdﬂﬁgcr#Qé%@@ﬁsofsoim%dffé%i during

application of aﬂgl1*f%a%6?lbe'ﬂha€69eﬁ:8r Lse@Uto %bfain ni’ob‘lA &gfer?@é
silver- staine Morri Ana Bi ochem, 117,.307- 19 | t can be

seen by conpar th °FQﬁ€§°R £Rd BhﬁhéﬁttﬁBNﬁaFB??@y“%fa%{%ﬁrﬁﬁﬂ4§r@ﬁ%rlaI
passes throughtbhgseQl um. The stained material in fractions 4-6 in the 25

regi ons just above and belo he .M. 3 0 andard n I ncides with
t he bi ol ogiCal activity g@t?@#egorﬁ'tégeggggéeﬂ?sf?%§f+%h% (¥#€hwe 5) and
represents the4bpobdgieashl pfa@22vd lmandr 23B-6 in ahveact ben mevkbane haf this
material is vi §BaLizedAh”ahi‘ t4 ? tREt pPRALL D G pérns, & W/ or B,

because a nmuch |'a rop or
, electrop oresed on an agarose gel and a band of about

the expected size was observed. One ul of the PCR 90.6

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 222-11 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 cDNaA,
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 tempiate; The reaction product acted like a very high
molecular weight aggregate, remaining close to the
loading well in agarose gel electrophoresis. One yl of
the product solution was further amplified in the |
presence of 25 pmol of (dC)lz and 10 pmol 223-6 in a

35 wvolume of 25 ul for 15 cycles, annealing at 45°C. One-
half ul of this produqt was then amplified for 25 cycles



the total volune (0.66%of the total for fractions 4-6 versus 0.0084% of
the total for |lanes A and B) was | oaded for the forner. Fractions 4-6 from
this colum were pooled. 35 As mentioned above, roughly 75% of
the recovered activity ran through the C4 col um of - 37 - Figure 5.
This material was rechromatographed using C4 resin essentially as described
above, except that a larger colum (1-46R% 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 gradient fractigdns_show_ng sinilar appearance
on SDS- PAGE t owiitdy lgyternnad lycmesdesy RALBRE RLAcLPoARdi ROfrdure 6. Active

fractions were (3@® &% (39 NDhe Aeqaealet bEalR0T47c@kUBRoWaS ial so perfor ned
10_ essentiall%was stg&ﬁg agfv3F§%g th% fr%ctiong ﬁere assa edé n- bot h
bi oassays. As in@Y n A% §PTENOPFRIERLRY ARBROSRI 9%nal yti cal
col umm, bot h t led ed¥/ o phut ¢dhl2 CF@Anoithact 28 cyedesoofl PCB.. 3DB8eRAGRqrad ysi s
S 40°C, were performed, after which one prominent band was
. observed. Southern blotting was carried out and a
single prominent hybridizing band was observed. An
additional 20 cycles of PCR (625.1), annealing at 45°C,
were performed using 201-7 and nested primer 224-27.
10 Sequencing was performed after asymmetric amplification
by PCR, yielding sequence 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 5°
15 end of the coding region of the rat SCF cDNA.
Similarly, the 3' DNA sequence ending at amino acid 162
was obtained by sequencihg PCR 90.4 (see Figure 13.A).

B. Cloning of the Rat Steﬁ 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 library containing rat genomic
sequences (obtained from CLONTECH Laboratories, Inc.;

25 catalog number RL1022 j). The library was constructed
in the bacteriophage » 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
x106 independent clones with an averége insert size of

30 16 kb. _ _

PCRs were used to generate 32p_1abeled probes
used in screening the genomic library. Probe PCR1
(Figure 13A) was prepared in a reaction which contained
16.7 wM 32p{alpha]-dATP, 200 uM dCTP, 200 wM 4GTE,

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



(Figure 8) reveals the presence of the 15 M -31,000 protein in the colum
fractions which contain biological activity in both assays. Active materi al
in the second (relatively mnor) activity peak seen in-S-Sepharose

chromat ography (e.g. Figure 4, fractions 62-72, early fractions in the 20
salt gradient) has also been purified by [err] chromatography. It exhibited
t he sane behavi or on SDS- PAGE and had-té&k sanme N-term nal am no acid
sequence (see Exanple 2D) as the material obtained by C4 chromatography of
the S-Sepharose runthrough fractions. 25 6. Purification Summary A sumary
of the purificaniss/ddepd -Geslr 2b2026 n A-05 apb\&23 6 Gndnl iud le 2. 30 35

- 38 - Table 2iampTaite Qf.Rutbhita2hing OheMoAPBLLE2RiSEE for the two
primers. ~Probe PCR 2 was made using similar reaction
conditions except that the priﬁers and template were

S 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 10% bacteriophage were plated as
described in Maniatis et al. (supra (1982)]. The
10 plaques 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 NaCl,
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.)abeled PCR 1 probe at 1.2 x 10° 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,
" pH 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 didested with
30 restriction endonucleases BamHI, Sphl or Sstl, and the
resulting fragments were subcloned into pUCll9 and
subsequently sequenced. The strategy for sequencing the
rat genomié 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 encodiﬁg SCF.
The gaps in the line indicate regions that have not been



Total 5 Step : Volunme (ml) Protein (nmg)[err]

Condi ti oned medi um ' 335, 700 13,475 DEAE cel | ul ose[err]
2,900 2,164 ACA-54 550 1,513 10
Wheat germ aggl uti ni n-agar ose[err] 375 431 S- Sepharose
540[ err] 10 [err] resin 57.3

0.25-0.40[err] 1. Values given repres 35 sunms of the values for the
di fferent batches described in the text®“15 2. As described above in this
Exanpl e, precipitated materi al mhlch appeared _during dialysis of this

sanple in prepgr or 0, y r Y
centrifugation: gﬁéRQEé Iéﬁ% ter S?é%?%ga ggé goe%§§sco%?a§%%gX§64 ny
of total 20 regp@@ﬁe¢ﬁ tie SORLyere i whthfthéccorrespond tng cencoddadt i ons

fromthe two [Qﬁiﬂiocﬂ:ﬁa@slﬁd‘{'céﬂe?eé%@@&eeféhdﬁéfr' begle é‘rr&?%y 450 m of
this material was used tfor the oW n thi s Exanpl e ove). 25 5.

e
Det er mi ned by FRBrREEABJtRe BRdbydwals ho‘EiQ‘?”B?t e‘)(%é%tsﬁﬂi‘é?BCFﬁdﬁéét ed
otherwi se. §. &sédnebeashenblle Othé NESNsensudf séqhavte SEat "tRE rat SCF

gene. The sequence for rat SCF gene is shown in
Figure 14B. )

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_jabeled
oligonucleotide 228-30 (0.03 picomole/ml) at 50°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 tegion and the coding region for amino

30 acids -25 to =-21. No clones for this regibn 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



after SDS-PAGE, and on am no acid conposition analysis as described in
section K of Exanple 2. 30 D. SDS-PACE and d ycosi dase Treat nents SDS- PAGE
of pool ed gradient fractions fromthe two | arge scale C4 colum runs are
shown in Figure 9. Sixty [err] of the pool for the first [err] colum was

| oaded (lane 1), and 40 [err] of the pool for the second [err] colum (I ane
2). These gel lanes were silver-stained. - 39 - Mol ecul ar weight markers
were as described for Figure 6. As nentfbned; the diffusely-migrating

mat eri al above and bel ow the M 31, 000 narker position represents the

o heter ogenei F9¢1 HCE) GEBLYI B¢ | Grerans Sharoand Fre e DIt aamat o
purified materceallsas EmgressrmhvigitQmHWQQrd!dﬁnygmadtﬁogeggﬂeQSy_of
0o adt agr aphgPUnRRERHT 88 PlofPRRE Ay, (Gl 182 qapigdsanadsdy
and a protexn (SCF ) predicted from the translation
S of the gene sequence in Fig. 14C. .

The expression vector used in these studies
was a shuttle vector containing pUC119, SV40 and HTLVI
sgquencesL The vector was designed to allow autonomous
replication in both E. coli and mammalian cells and to

10 express inserted exogenous DNA under the control of
viral DNA sequences. This vector, designated v19.8,
harbored in E. coli DHS5, is deposited with the American
Type Culture Collectiqn, 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 rgactibns,
50 ul in volume, consisted of 1lx reaction buffer (from a
Perkin Elmer Cetus kit), 250 uyM 4ATP, 250 uM d4CTP,

250 uM dGTP, and 250 uM 4TTP, 200 ng o0ligo(dT)-primed
cDNA, 1 picomole of 227-29, 1 picomole of ‘227-30, and

30 2.5 units of'Taq 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



Figure 9. Lanes 3 and 9, [err]-labeled material w thout any gl ycosi dase
treatnent.. Lanes 4-8 represent [err]-labeled material.treated with

gl ycosi dases, as follows. Lane 4, neuram ni dase. Lane 5, neuram ni dase 15
and 0-gl ycanase. Lane 6, N-glycanase. Lane 7, neuram ni dase and

N- gl ycanase. Lane 8, neuram ni dase, O glycanase, -and N gl ycanase.
Conditions were 5 nNIS-[(3-choIanidopro §Iydrnethylannnnio]-l-propanesul-
fonate (CHAPS), 33 nNIZ nercaptoethanol 10 MM Tris-HA, 20 pH 7-7.2, for

3 h at 37[err] f nam_Ar o] r e |ochen)
B2t STLer ]y AT A 3ol SATLGLLULORELE e calie! Stia: oL

endo- al pha- N- aedttyl qyﬂzﬁﬂn@@&ﬁpM|@ass)thﬁsausedlan945emp¢taUmresWn$

N-d ycanase (G%mgﬂgg pid. depiedb¥eascddseeFin

peptide-[err][ N-.ac q be?g-tg uggga?¥%yl]as aratlﬁepgﬁ1w%§% db%ésﬁégd at

10 units/m . SﬂquNIQﬁéﬁHqﬁ§°FoePﬁ@§8°&FaPP§uﬁé“ Iharandpeathbd updh-8

treatment ofs URJaRDE iR IR ld&djeS@EdV\M‘&|&h3Q1gH}1¢mSaddSS§tIﬁndai«(dSLlii| i zation
of products by silver.- sta|n|hga%fter

control i ncubafdWhst AR ELr 1f gested p Egsf“ﬁél EP?p%%E%g?%Eﬁdvar' ous

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
DH5 as described [Okayama, et. al., supra (1987)]. DNA
prepared from individual bacterial clones was sequenced
by the Sanger dideoxy method. Figdre 17 shows a
15 construct of V19.8 SCF. These plasmids were used to
transfect mammalian cells as described in Example 4 and
Example S. ' |
The expression vector for rat scri=164 yag
constructed using a strategy similar to that used for
20 sSCcF1™162 jpn 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 opna
(V19.8:SCF1'162) as tempiate, 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 {50 ul)
contained lx reaction buffer, 250 uM each of 4ATP, d4CTP,
4GTP and dTTP, 2.5 units of Taq polymerase, 20 ng of
V19;8:SCFl'l52, 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 S55°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.



appropriate buffer, but without glycosidases, to verify 35 that results
were due to the glycosidase preparati ons added; incubation with

gl ycosyl ated proteins (e.g. - 40 - glycosyl ated reconbi nant hunan

eryt hropoi etin) known to be substrates for the glycosidases, to verify that
t he gl ycosi dase enzynes used were active; and incubation with glycosidases

but no substrate, to verify that the 5 gLycosidases were not thensel ves
contributing to or obscuring the vi sual§%ed gel bands. d ycosidase

treatments were also carried out with endo-beta-N acetyl gl ucosam dase F

(endo F; NEN Dupont) and Dﬁﬂd? pef ar &% agsind Qa@sgpnplcp@sleafl 48F, (endo
H, NEN Dupont) again ﬁgﬂ proprlate control 1ncubations, Conditions of
treatment with(eadoSE bsi pragicted nf5om thhe friansiad ian 196 (Whe) sps

100 nM 2- 1 A sdasahai eeo pH 6,
f ol | owed tr)re fgapk?.gggaﬂ%ce i i FReEEe ig@?fxﬁ\ﬂugw o detle’lgoéplO (1.17%

viv, final conPéﬁsmﬂﬂaVPSEPf ¥é§r§n¥§h6%pﬁa?%?? rﬁhm 1 £ ohRRkt r a-
5 wused for the rat scrl The cDNA 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 preparations. 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 1lx reaction buffer (from a Perkin

15 Elmer Cetus kit), 250 yM 4ATP, 250 uM 4CTP, 250 uM 4GTP,
and 250 yM 4TTP, 200 ng oligo(dT)-primed cDNA,

10 picomoies of 227-29, 10 picomoles of 230-25, and 2.5
units of Taq 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 produéts
of the PCR amplification were digested with restriction

"endonucleases HindIII and SstII. V19.8 DNA was digested
with HindIII and SstII and the large frag@ent 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 DHS5 and DNA prepared from individual
bacterial clones was sequenced. These plasmids were

used to transfect mammalian cells in Example 4.
35



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 ug/m. The results with endo F
were the sane as those with N-glycanase, whereas endo H had no effect on
the purified SCF material. A nunber of conclusions can be drawn fromthe
gl yosi dase experinents descri bed above. 6Bhe- various 25 treatnents with
N- gl ycanase (which renoves both conpl ex and hi gh-mannose N-Iinked
carbohydrate (Tarentino et al ., Blochenlstry 24 4665 4671) (1985)] endo F
[which acts si M. afimp : 3 emud i A made [SCEPIGRNA Nat | |
Acad. Sci. USA aeis 1T 4 30 (1982)] endo H (mhlch renoves _
hi gh- mannose a ) brid type N-1i nked car bohydrate (Tarentino et
al ., Methods Enzynol. 50C, 574-580 (1978)], neuranini dase (which renopves
sialic acid resi dues), anthOrinarsere dDNA Gfas oBvedne@etrn £ | i nked
car bohydr at Lanbi n 35 . | ochet 12,. 59 00 (1984)],
suggest t hafSS H}ﬁlha"r@“ﬁ rﬁégl %%ﬁ?ﬁ?ﬁ@gmﬁjﬁés %&
amplification as outlined in Fiqure 13B. The basic
strategy was to amplify human cDNA by PCR with primers
whose sequence was obtained from the rat SCF cDNA.
RNA was prepared as described by Maniatis
10 et al. [supra (1982)]. PolyA+ RNA was prepared .using
oligo 4T cellulose following manufacturers directions.

(Collaborative Research Inc.).

- First strand cDNA was prepared as described

‘above for BRL 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 unigue-
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 (PBPCR 22.7,
see Figuré 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 amplifidation of sequences closely related
to rat SCF cDNA was attempted by carrying out PCR with
1 yl of the PCR 22.7 product using internally nested rat

30 SCF primer 222-11 an&_primer 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



- 41 - are present; nost of the N-|linked carbohydrate is of the conplex
type; and sialic acid is present, with at |east sone of it being part of
the O linked noieties. Sone information about possible sites of N-Iinkage
can be 5 obtained fromam no acid sequence data (Exanple 2). The fact
that treatnment with N-glycanase, endo F, and N- gl ycanase/ neuram ni dase .can
convert the heterogeneous material appgsent by SDS-PAGE to faster-mgrating
forns which are nmuch nore honogeneous is consistent” with the 10 concl usion
that all of the material represents the sane pol ypeptide, with the

het erogenei ty &fi &g sspneet byc hBCRrpganritt Y FOR @3).q0S\ONA iu¥lind t225-24S0

t thy that th |l est_f Yol d.by .t nbi t t ith
The vari ous. ol SEGETERERe: 57 ot Fhfher RiAeE b2t T SRR VDGRt Forati ve
to the nol ecul sequengés. narkers used in the SDS-PAGE. Confirmation that the

di ffusel y-mgrating mat eﬂxﬁ‘lié‘f%’g”darﬁﬂiexé\q a%h]i’oQAOQEDQﬁiutli Sﬁ PreoBegACE
represents biologically active teria aﬁ avi ng the 20 sane basic
pol ypept i ded ché? n?i Brgfveh biirse v RHMCIHIZE ZS R R dat a
derived from npperi ah. 1 gt &pe1éd) J ied Uit fiGnbrs AdpL2%5l Hedrophoretic
transfer and 227-30 (PCR 41.11) generated one major band of the same
size as the corresponding rat SCF product, and aftef
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 sequence
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 sequence 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 wvolume of 50 ul (PCR 39.1).

20 Amplification was performed in a Coy Tempcycler.
ﬁecause the degree of mismatching between the human SCF
cDNA and the raﬁ 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 590 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 41.1). 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



cyanogen brom de treatnent; Exanple 2) matches that denonstrated for the
| sol at ed gene whose expression by 25 ‘reconbi nant DNA neans |leads to
bi ol ogi cal |l y-active nmaterial (Exanple 4). EXAMPLE 2 30 ~ Amino Acid
Sequence Anal ysis of Manmmalian SCF A. Reverse-phase Hi gh Performance Liquid
Chr omat ogr aphy (HPLC) of Purified Protein 35 Approxi mately 5 ug
of SCF purified as in Exanple 1 (concenﬁﬁarlon 0.117 mg/ M) was subjected
to - 42 - reverse-phase HPLC using a C4 narrowbore colum (Vydac, 300 A
wi debore, 2 nmx 15 cnm). The protein was eluted with a linear gradient from
97% mobi | e pha9§AA1€G°1%FFrPFPGGFG&GétVECSEFdY}%@§n%&ﬁIE@&#&@%F?BT%O@b
aﬁetonltrlle IalQefﬁFfBb%bwng@CQbkCtﬂéld%ttSCBoﬂénDblPeipﬂﬁ§@méﬁ€99&HDbi|e
phase B in 70 n.f.o IS e _eluktaon of her
Plow rate of 0Ssenidnet oYy ; BRalesopatabfianel BEF}EFiaf cnloRed!
chromat ogram whas S@Euwasedppar¢M& &angegi djfeoxy method.

5 _

E. Cloning of the Human Stem Cell Factor Genomic DNA

A PCR7 probe made from PCR ampiification'of

cDNA, see Figure 13B, was used to screen a library

10 containing human genomic sequences. A riboprobe
complementary to a portion of human SCF cDNA, see below,
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 amplified with primers 227-29 and 227-30. The resulting
590 bp fragment was eluted from an agarose gel and
réamplified with the same primers (PCR 58.1). The
product of PCR 58.1 was diluted 1000-fold in a 50 pl
reaction containing 10 pmoles 233-13 and amplified for

20 10 cycles. After the addition of 10 pmoles of 227-30 to
the reaction, the PCR was continued for 20 cycles. An
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

25 diluted 200~-£f0ld in a 50 ul 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—labeled PCR7,
reaction conditions similar to those used to make PCR1

30 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

35 at 72° for 2 minutes.



10 symmetrical peak at a retention time of 70.05 mn as shown in Figure
10. No mmj or contam nating protein peaks could be detected under these
conditions. B. Sequencing of Electrophoretically-Transferred 15 Protein
Bands SCF purified as in Exanple 1 (0.5-1.0 nnol) was treated as follows
wi th N-glycanase, an enzynme which specifically cleaves the Asn-|inked
carbohydrate 20 noieties covalently attached to proteins (see Exanple 1D)
Six m of the pooled nmaterial fromfractions:4-6 of the [err] colum of
Figure 5 was dried under vacuum Then 150 [err] of 14. 25 nmv CHAPS, 100 mM

2- mer capt oet hanol , 335 & od] nisp RS Phatsopddbed-16 Was 2o ¥lded and

I ncubation carried, out for 95 mn at ;éﬂﬁ iﬂm xt 300 [err] of 74 mM

sodi um phosphataPehked$ingle- ?\F’Q?%%\‘i d&® and i ncubation
con;! nued flor d@cheoa*me§a2m4%vms t e hSCM DNA aa@;uhﬁ%esmrm viacryl am de
gradi ent ge

el ectrophoreti ’gh‘gﬁlet#%ﬁ e ?eﬁo%ﬁ Bgi)g%}gﬁm cc%r%otlt ?(ﬂ’:l 2‘3’ déﬂf’é’ t{he po\rN:re

Corp.) using 16f nbhTapprobéf ePCRpél 1D. Bfiguren B:B))stmdmtr MNA wEs 0.5 Anp
for 1 h [Mts S?«géét%é wﬂﬂ'mx%ﬂf‘ﬂ a®lecdPP3md W¥hdd HBYd -ende

transferred pro
polyllnker of the plasmid vector pGEM3 (Promega,

Madison, Wisconsin). The recombxnant PGEM3:hSCF plasmid
DNA was then linearized by dlgestlon 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_rcrP (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 2x10° primary plagques with an
average insert size greater than 15 kb. Approximately
106 bacteriophage were plated as described in Maniatis,

25 et al. [supra (1982)]. The plaques were transferred to
Gene Screen Plus™ filters (22 cm2; 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-labeled PCR 7 probe at
2x10° 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



35 were visualized by Coonassie Blue staining. Bands were present at M

- 29, 000-33,000 and M -26,000, i.e., the - 43 - deglycosylation was only
partial (refer to Exanple 1D, Figure 9); the former band represents

undi gested material and the latter represents nmaterial fromwhich N-Iinked
carbohydrate is renoved. The bands were cut 5 out and directly | oaded (40%
for M 29,000-33,000 protein and 80% LoggM. 26,000 protein) onto a protein
sequencer (Applied Biosystens Inc., nodel 477). Protein sequence analysis -
was performed using prograns supplied by the manufacturer [Hew ck et al.,

J. Biol. Chem au2%2%aldoqAhs’ANE :8Stkknaddwitie pedlsasEck 7 and

Corr] rever se. PBSBHISEC L oo a0 -8a0c bR ol Thal PTORE HRDE sequencing
cycl es, suggestperfdrimed hetingreronditieqaeatpabie bty teisodsedyinsting Ednan
el ot L uas UG | WY ARCEEN SERMCPERGERNY Yompet e 17
dat a suggestSed perfiogmest dsh folkaws: the filters were prehybridized in
6XSSC, 1% SDS and hybridized at 62°C for 18 h in 0.25 M
NaPOy4, ({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, SphI or Sstl and the resulting
fragments were subcloned into pUCll9 and subsequently
sequenced.

15 Using probe PCR 7, a clone was obtained that
included exohs encoding amino acids 40 to 176 and this
clone is deposited at the ATCC (deposit #4068l1). To
obtain clones for additional SCF exons, the human
genomic library was screened with tiboprobe 2 and

20 oligonucleotide probe 235-29. The library was screened
in a manner similar to that done previously with the
following 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 DGEM3 : hSCF

30 plasmid DNA was linearized with restriction endonuclease
Pvull (riboprobe 2) or PstI (riboprobe 3) and (b} the
SP6 RNA polymerase (Promega) was used to synthesize
riboprobe 3.

Figure 1S5A shows the strategy used.to segquence

35 human genomic DNA. 1In this figure, the line drawing at
the top represents the region of human genomic DNA



bands was N-termnally blocked. 20 C. In-situ CNBr C eavage of

El ectrophoretically- Transferred Protein and Sequencing To confirmthat the
protein was in fact blocked, the nenbranes were renoved fromthe sequencer
25 (part B) and in situ cyanogen bromide (CNBr) cleavage of the blotted
bands was carried out [CNBr (5% wvVv) in 70%formc acid for 1 h at

45[err]] followed by drying and sequencélanal ysis. Strong sequence signals
were detected, representing internal peptides obtained from 30 nethionyl
pepti de bond cleav e by CNBr. Both bands yielded id ntlcal m xed sequence
signals |isted "Gor3GEhe FhﬁéﬁaPFvé“c§§Pe 1“351“ lcakg re@iPAs Acids

I dentified Cyclthalk hak@pnol beevalsequeacelicu Chel @aZgeAbpxeshkeptedendl a;
E;S; val 5 Cy%&%ns fc@s%deng’rgbﬁbnsrgf Eﬁg gﬁ%'%e%e wA%R tﬁ%n Ala; Pro;
- corresponding encoded amino acids indicated above each
S box. The sequence of the human SCF gene is shown in
Figure 15B. The sequence of human SCF cDNA obtained PCR
techniques is shown in Figure 15C.

F. Sequence of 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
cDNA with 4G residues, followed by one-sided PCR
amplification using primers containing (d4C), sequences
in combination with SCF-specific primers, failed to

25 yield cDNA fragments extending upstream (5') of the
known séquence.

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 4ATP, 4CTP, 4GTP and 4TTP
at 10-12°C for 30 minutes in 10 uL of 1xNick-translation

_ buffer [Maniatis et al., Molecular Cloning, a Laboratory

35 Manual, Cold Spring Harbor Laboratory (1982)]. _
Bmplification of the resulting cDNA by sequential one-




Cycle 5: Ser; Tyr; Pro 10 Both bands also yielded simlar signals up to
20 cycles. The initial yields were 40-115 pnol for the M 26,000 band and
40- 150 pnol for the M 29, 000-33, 000 band. These val ues are conparable to
the original nolar anmounts of protein | oaded onto the sequencer. The 15
results confirmed that protein bands corresponding to SCF contained a

bl ocked N-term nus. Procedures used to -pptain useful sequence information
for NNterminally blocked proteins include: (a) debl ocking the N-term nus
(see section D); and (b) generating peptides by internal 20 cleavages by
CNBr (see Sect s98e8) pchy Mynspﬂuﬁseez&ezg Gim FYomtsirth tho Sttty | ReHESES

trai -8 t S '
roceed af tor BHE BFOBRES REPCPRERE CAntit adt 1107 dbva orithe bupt i do
fragnents are asdléﬁedllixaa§+é3)ZSLEkdeﬂchmplixxpnodunﬁemixtuﬁeﬁm D.
Sequence. Anal yghs o aBBkaPh8MaEPbhekBSION MAAEH JUid PO 14 A £ AC

Ani nopept i dase eni cal age noi ety
present at ﬁheeaﬁﬁﬁbmﬁéﬁnpﬁu§cgrfetﬁtﬁéchﬁﬁfﬁ%ﬁﬂ%eﬂ§§Fﬂ%ﬁhkﬂdl@ﬂﬁ%@age can

be post-transl gy @hadl ineréa¥@nbFinVehditPet fey . st préduct! Basd4

(1981)] or mayobserved when comparable volumes of the successive one-
sided PCR products were amplified with two SCF priﬁers
(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 PvuIIl and

20 Pstl 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 S' 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 a*t RNA (about 300 ng) using an SCF-specific
primef (2 pmol of 233-14) in a 16 ulL reaction containing

35 0.2 U MMLV reverse transcriptase (purchased from BRL):
and 500 uM each dNTP. After standard phenol-chloroform



occur in vitro during purification. Two post- 35 transl ational
nodi fi cati ons are nost comonly observed. Acetylation of certain N-term nal
“am no acids - - 45 - such as Ala, Ser, etc. can occur, catalyzed by
N-[err]- acetyl transferase. This can be confirmed by isolation and nmass
spectronmetric analysis of an NNterm nally bl ocked peptide. If the am no
termnus of a protein is 5 glutam ne, ggani dation of its gamma-am de can
occur. Cyclization involving the gama-carboxylate and the free N-term nus
can then occur to yield pyroglutamate. To detect pyroglutanmate, the enzyne
pyr ogl ut anmat e anﬁnapdp&hd@&m extrbetioed. afdi ethanpieprecbpisat ben 10

pyroglutanste \83S: o SAHOMI R, REEERRE)NGLLEL BHB 3hATELDOlad he seoond

am no aci d. Ed emstry cant sequenci n purified
as in Exanple yerﬁoawp)emdndsonrrwsgau ef Ehégphapéaﬁadf &R gpbpileng
containing 15 dicklt Matifif? sandnkEbEs) ¥REN esa@aaeanw tlile@ WiHAS Of

calf liver gyr%%L%L%@f:é?gﬁéfgqgggpigtthgsgrggence of 8 uM dATP in a
CoClz-contalnlng buffer [Deng and Wu, Methods in _
Enzymology, 100, pp. 96-103]. The product, (dR),-tailed
first-strand cDNA was purified by phenol-chloroform
extraction and ethanol precipitation and resuspended in

10 20 ul of 10mM tris, pH 8.0, and lmM EDTA.

| Enrichment and amplification of human SCF-
related cDNA 5' 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 w1th 2 uL of the
melted, diluted gel plug. After 15 cycles, a slightly

30 diffuse band of approximately 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 ulL were subjected to
25 cycles of PCR (1 minute, 95°C; 30 seconds, 55°C;




16 h at 37[err]. After reaction the mxture was directly | oaded onto the
protein sequencer. A major sequence could be identified through 46 cycles.
The initial 20 vyield was about 40% and repetitive yield was 94.2% The

N-term nal sequence of SCF including the NNterm nal pyroglutamc acid is:
pE- AP cl eavage site 25

pyrod u-d u- 11 e-Cys-Arg- Asn- Pro- Val - Thr 7Asp- Asn- Val - Lys- Asp- 1| e-Thr-Lys- 20
30 Leu-Val - Al a- Asn- Leu- Pro- Asn- Asp-Tyr-Met-11e-Thr-Leu-Asn-Tyr-Val - 30 40

Al a- A y- Met - Asp- Val - Leu- Pro-Ser.- Hi s- XxX- Tr - Léu- Ar 8 Ag ......... XXX, not
assigned at pod& isgrongsys Fhéde rQélEPF§ ? gHeRFindt Rht ther224ntdi ns

pyroglutam c a@grdmal IHCR Mriodustnidxtures 48ftek. thaokakhdarand Sequence
Anal ysi.s of CNBr Peéff%ﬁ% and.%%%%%'%d %%ckﬁlﬁé%”B ? w1£g032§ Ba e led
primer 262-13 (Figure 12B) yielded the 5' sequence from
5 nucleotide 1 to 179 (Figure 15C).

G. BAmplification and Sequencing of Human Genomic DNA at
the Site of the First Coding Exon of the Stem Cell
Factor '

10 .

‘Screening of a human genomic library with SCF
oligonucleotide probes failed to reveal any clones
containing the.known porticn of the first coding exon.
An attempt Was-then initiated to use a one-sided PCR

15 teehnique to amplify and clone genomic sequences
surrounding this exon. '

Primer extension of heat-denatured human
placental DNA (pufchased from Sigma) was performed with
DNA polymerase I (Klenow enzyme, large 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 Taqgl 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 (;ess 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



1.0-1.5 nnol) was treated with N-glycanase as described 5 in Exanple 1.
Conversion to the M 26,000 naterial was conplete in this case. The sanple
was dried and digested with CNBr in 70%formc acid (5% for 18 h at room
tenperature. The digest was diluted with water, dried, and redi ssolved in
0.1%trifluoroacetic acid. 10 CNBr peptides were separated by reverse-phase
HPLC using a C4 narrowbore colum and-elgtion conditions identical to those
described in Section A of this Exanple. Several nmjor peptide.fractions
were isolated and sequenced, and the results are sumari zed in the 15
following: 20 pardEidd PCR ptoduckst gereonlBepdi deto a deriivabtivei of

- Sequencelerr] %GEQE}E%ntaining ani3f31 site as a Eihaf1i to sfir
fragment. '
Colonies were screened with a 32p-labelled SCF
5 first exon oligonucleotide. Several positive colonies

were identified and the sequences of the inserts were
obtained by the Sanger method. The resulting sequence,
which extends downstream from the first exon throuéh a
consensus exon-intron boundary into the neighboring

10 intron, is shown in Figure 15B.

H. 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 5' 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 sequences 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



CB- 61 - 22.1 a. 1-T-L-NY-V-A-G (M b.

V-A-S-DT-SSDCGV-L-S - -L-GP-EEK-D SR V-SV-(_)-K---- 10 CB-8
28.0 DV-L-P-SHCGCWL-RD (M CB-10 30.1
(cont ai ni ng sequence of CB-8) CB-15[err] 43.0
E:E-N-A-P-K-N-V-K-E-S-L-K-K-P-T-R- (N) -F- 15
T-P-E-E-F-F-S-I-F-Derr]-RS-1-DA---~—76C8-14 37.3 and CB-16

Bot h peptides contain identical sequence to CB-15 20 1. Am no acids were
not detected .at positions 12, 13 and 25. Pepti'de b was not sequenced to the
end. 2. i 1$YORNES igaont DAt doted; RNA ,wasdi sher regu2sing compdsed on

he poi ent 1 ordduad e aid dpcdichea Fe BeRLEdiavas BlGuestuaed to

the end. 3. %pates S|te where Asn have been converted into
upon N gl ycanad®y BGRovsitho 'NAinhet@ds §&&r Prigers,such; Ag 82I7et2t9e|°fcode was

used: A Ala; @0ys31 BrAdomtiddtionrRigh @@Ieyst Hrae brbdtictKmlikturle Leu;
5§ was cut with SfiI and cloned into a derivative of pGEM4
(Promega, Madison, Wisconsin) containing an Sfil site as
an Sfil to blunt end fragment. The resulting
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
sequence 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 seéuence immediately before and after the
putative processing site near residue 164:is-high1y
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



Mvet; N,Asn; PPro; QdAn; RArg; S,Ser; T, Thr; Wal; WTrp; and Y, Tyr. 35

- 48 - F. Isolation and Sequencing of BRL Stem Cell Factor Tryptic
Fragnments SCF purified as in Exanple 1 (20 [err] in 150 [err] 0.1 M
anmoni um bi carbonate) was digested-wth 5 1 [err] of trypsin at 37[err]
for 3.5 h. The digest was imediately run on reverse-phase narrow bore
[err] HPLC using elution conditions id ical to those described in Section
A of this Exanple. Al eluted peptide peaks had retention times different
fromthat of undigested SCF 10 (Section A). - The sequence anal yses of the

i sol ated peptigeplate2shgunssel obd3 Ratfay iy RepistctBdnto Sequence

15 S0 Tid 60 i drates GisgledCd 2, Rl ke, Podgm

“SV-()-K . - | + Cell, 14, 725-

' (1978)]. The plasmid V19.8 SCF is shown in Figqure 17.
As a control, the vector without insert was also

S transfected. Tissue culture supernatants were harvested
at various time points post-transfection and assayed for
biological activity. Table 4 summarizes the HPP-CFC
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 folléwing 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), scrl-162 containing a glutamic

15 acid at position 81 [V19.8 rat scrl=162 (gius1l)), and
scrl-162 containing an alanine at position 19 [V19.8 rat
SCFl"162 (Alal9)]. The amino acid substitutions were
the product of PCR reactions performed in the

_ amplification of rat scrl-162 a5 indicated in

20 Example 3. Individual clones of V19.8 rat SCF17162 yere
sequenced and two clones were found to have amino acid
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

30

35



T-3  32.4
N- F-
L- V-

| -V-D-D-L-V-A-A-ME-E-N-A-P-K 20 T-42

T-P-E-E-F-F-S1-F-(_)-R T-53
A-NL-P-NDY-MI-T-L-NY-V-A-G MDV-L-P-S-HCWL-R b.

46. 4 a.

SI1-DAFKDFMV-ASDT-SDCGV- L-S()-()-L-G---
E-S-L-K-K-P-E-T-R-(N)-F-T-P-E-E-F-F- S-I1-F-(_)-RT-8
E-S-L-K-K-P-E-T-R-N-F-T-P-E-E-F-F-S- | - gh[LFal. Am no acid at position 4

was not assigned. 30 2.

40.0

25 T-74 72.8
73.6

Amino acid at position 12 was not assigned. 3.

Am no acids at positions 20 and 21 in 6 of peptide T-5 were not identified;
they were tentatively assigned as O |inked 1apgarng attachnent sites. 4.
Am no acid at position 10 was not detected; it was 35

based on the potenti al
21 was not det ect ed.

10

15

20

25

30

35

Sample

v19.8 (no insert)

vi9.8 rat SCFL-162.

v19.8 rat SCFL-162
(G1usl)

v19.8 rat SCFl-162
(A1al9)

inferred as Asn

N-1'i nkedyppl-ge®@ Rk &Y io¥NCEI-1 eSupdrhatangsi d at position

- 49 from Cells Transfected with Rat SCF DNA

Volume of
CM Assayed (ul)

Colony
#/200,000 cells

0O00O0

>50
>50
>50
>50

26
10

41

-
Qoo w;mom



G Isolation and Sequencing of BRL Stem Cell Factor Peptides.after S
-aureus G u-C Protease C eavage SCF purified as in Exanple 1 (20 [err] in 5
150 [err] 0.1 M ammoni um bi carbonate) was subjected to G u-C protease
cl eavage at a protease-to-substrate ratio of 1:20. The digestion was
acconplished at 37[err] for 18 h. The digest was i medi ately separated by
reverse- phase narrowbore [err] HPLC.-HSve nmmjor peptide fractions 10 were
col | ected and sequenced as described bel ow. Retention Peptides Tine (mn)
Sequence 15 S-1 5.1 N—A—PJK-N-V-KTE § %[err] 27.7
SRV-S-V-()- K- P- F- M L- P- P- V- .
detected 20 S 5[err] . el = , : ~F-F-S-1-F-
(N) - R-S- | - D- A F- K- D- F- M 3UBRrRatants from, ‘ at SCF DN

S-L-K-K-P-E T-R-N- -T-P-E-E- -:-S-E-ggi : g .
(N-RS1-D A L Yo 2 S Ed 1|)|u aeto—at u%l"t“l‘ﬁ'ﬁ 6 of S-2

_pl)_ﬁgt 16\?: \Qf%pggﬂgaggh%gelg?r@hl S cogljd be an O |inked sugar ati%tgment site.

| 2.252

s . 2.182

3 | 1,682

v19.8 scri-162 25 11,648

12 11,322

10 6 11.482
| 3 9.638
v19.8 scFl-162(g1ug1) 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

30 CFU~-GM assay. In the experiment in Table 6, SCF
synergized with human GM-CSF, human IL-3, and human
CSF-1. In other assays, synergy was observed with G-CSF
"also. There was some proliferation of human bone marrow

35 after 14 days with rat SCF; however, the clusters were

- composed of <40 cells. Similar results were obtained
with natural mammalian-derived SCF.



30 pepti de was detected in lowyield. 2. Peptide S-3 could be the
N-term nal ly bl ocked peptide derived fromthe Ntermnus of SCF. 3. Nin
par ent heses was assigned as a potential N-Iinked sugar attachment site. 35
- 50 - H Sequence Analysis of BRL Stem Cell Factor after BNPS-skatole

Cl eavage SCF (2 [err] in 10 mM ammoni um bi carbonate was 5 dried to

conpl et eness by vacuum centrifugation.argh then redi ssolved in 100 ul of

gl acial acetic acid. A 10-20 fold nolar excess of BNPS-skatole was added to
the solution and the m xture was incubated at -50[err] for 60 mn. The
reaction mxture was then dried by vaculiabl® 6 centri fugation. The dried
resi due was extracted wt ) Lth 50 [err] of
wat er. The conbi ned extra fefite- anal ysis as

descri bed. above. The fol | ofirem Ceé@émamﬁmtedjunggﬂed 'SCF ONA

5 Sample Colony #/100,000 cells (+SEM)
Saline 0
GM-CSF 73
G-CSF | 24 %

I3 - 5t

10 CSF-1 0
scpl-162 0
GM-CSF + SCFl-162 29 + 6
G-CSF + scFl-162 20+ 1

15 IL-3 + scFl-162 11+ 1
CsF-1 + scrl-162 4+0

20

25

30

35



15 1 10

Leu- Arg- Asp- Met - Val - Thr- Hi s- Leu- Ser-Val - Ser - Leu- Thr - Thr - Leu- Leu- 20

.30 Asp-Lys-Phe-Ser-Asn-1le-Ser-G u-dy-Leu-Ser-(Asn)-Tyr-Ser-lle-Ile- 40 20 -
Asp- Lys-Leu-d y-Lys-1le-Val -Asp---- Position 28 was not positively
assigned; it was assigned as Asn based on the potential NIinked

gl ycosylation site. 25 |. C Term nal -Aglno Acid Determ nation of BRL Stem
Cel | Factor An aliquot of SCF protein (500 pnol) was buffer-exchanged into
10 mM sodi um acetate, pH 4.0 30 (final volune of 90 [err] and Brij-35 was
added to 0.05% (W v). A5 [err] aliquBXAMREEt 8ken for quantitation of

protein.. Forty [err] of thegsapRlsgiWas o¢ RebeRbifah®Oskcgrr] with the buffer
descri bed above. CarboxypeprTg%sg—ﬁgg%TTﬂnT¥ﬂﬁTﬁ11ﬁ1nn?;ﬂﬂIﬂ nel l um was
added at an enzyne- 35 to-imunehinese Bamstex Quary) Ceibs (i gestion

proceeded at 25[err] and 20 [err] aliquots were taken at 0, 15, 30, 60 and

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 V19.8 (Figure 17). The selectable marker used to
establish stable transformaats 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 Sall and
ligation to an oligonucleotide fragment consisting of
the two oligonucleotides

- S'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 pDSVE.l
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 contribute to homologous recombination during the
transformation process, thereby facilitating
co-transformation. | :

30 '~ Calcium phosphate co-precipitates of V19.8 SCF
constructs and pDSVE.l 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 Fvul and 10 ug of V19.8 SCF as

35 described [Wigler et al., supra (1978)]. Colonies were
selected based upon expréssion of the DHFR gene from



- 51 - 120 min. The digestion was term nated at each tine point by adding
trifluoroacetic acid to a final concentration of 5% The sanples were dried
and the rel eased ami no acids were derivatized by reaction with 5 Dabsyl

chl oride (di nethylam noazobenzenesul fonyl chloride) in 0.2 MJ[err] (pH 9.0)
at [err] for 12 mn [Chang et al., Methods Enzynol, 90, 41-48 (1983)]. The
derivatized am no acids (one-sixth of-e®8h-sanple) were anal yzed by
narrowbore reverse-phase HPLC with a 10 nodification of the procedure of
Chang et al. [Techniques in Protein Chemstry, T. Hugli ed., Acad. Press,
NY (1989), pp.PB8¥E311].Cokanipsacapablemodrawhh rids ihe ahsened ef ne

poi nt were obt ggaed RypeRARERiABNahA ERyhIPide Qb rRNgitid hisimgdards (1 15
prmol). At O tlne,,conFa ngting gl.yci ne detﬁﬁied. | ani ne. was the only
am no acid thaflPReNEaSEY: FﬁsiﬁgﬂbﬁfPﬁﬁggﬁnﬁﬁ 1AqeRendent (febhtion, Al a
was detected alinekOt aledlivsipephalanpsofromairidiatichial cdl YAl imée of Al a

rel eased peg nole_o ei.n. _Thi esyl 1,0 ndjc t he natur al
manmal i an S %Fgc&Fg%ggnt"gi ﬁg kﬁégasgi %gy‘{(i:]lgdr r%(;ﬁ%%g?emér%?§bonsi st ent
Wi th the sequeResults from a typical experiment are presented in

Table 7.

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
v19.8 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
6 880
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,
heréby incorporated by reference. This vector includes
a gene for the selection and amplification of clones
based on expression'bf the DBFR 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.



analysis of a Cterm nal peptide, S-2, which contains Ctermnal Ala. This
conclusion is also consistent with the known specificity of

car boxypeptidase P [Lu et al., 25 J. Chromatog. 447, 351-364 (1988)]. For
exanpl e, cl eavage ceases if the sequence Pro-Val is encountered. Peptide
S-2 has the sequence S-R-V-S-V- (T)-K-P-F-ML-P-P-V-A-(A) and was deduced -
to be the CGterm nal peptide of SCF (seg Section J in this 30 Exanple).
The C-terminal sequence of ---P-V-A-(A) PeStricts the prot ease cleavage to
~alanine only. The am no acid conposition of peptide S-2 indicates the

Bnd L Arg, tot B fgoRooPER3SEE 08 iqdstEn ulrl hipdsriiand SREr 0 1S
i ndi cat es t hat anidedd gagedod nttwo pPiSReRedigestedtwithe Eindihinamdof this
BR1H6 or 2 apRylSs et rBRRROeE) reblEeltoBhudl bgnatcs o
encoding a COOH-terminus at the amino acid positions:
5 162, 164 and 183 of the sequence shown in Figure 15C and
position 248 of the sequences shown in Figure 42.
Established cell lines were challenged with methotrexate
{shimke, in Methods in Enzymology, 151 85-104 (1987)] at
10 nM to increase expression levels of the DHFR gene and
10 the édjacent SCF gene. Expression levels of recombinant
human SCF were assayed by radioimmune assay, as in
Example 7, and/or induction of colony formation 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% 0,, 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 scr1~164 has been deposited on
20 September 25, 1990 with ATCC (CRL 10557) and designated
Bul64SCFl7.

25

30

35



By conbining the results obtained fromsequence analysis of (1) intact stem
cell factor after renoving its N-term nal pyroglutamc acid, (2) the CNBr
peptides, (3) the trypsin peptides, and (4) the Gu-C 10 pepti.dase
fragnents, an N-term nal sequence and a C-term nal sequence were deduced
(Figure 11). The N-term nal sequence starts at pyroglutam c acid and ends

at Met-48. The C-term nal sequence cont gq1s- 84/ 85 ami no 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 | arge
pepti de after BNPS-skatol e cl eavage of BRIbIXCR as described in Section H of
this Exanple. Fromthese additional data, as well as DNA sequence obtai ned
from20 rat SCF (Exanple 3) the N- and C-term nal sequences can be aligned
and the overal |l sequence del | h@Rle€odonyhd@saynofi §anditione€de N-terni nus

of the nolecule is pyroglutamygegq;iacCisd @t%BQeCChérEngsLh%e§|a”'”e as
confirmed by pyrogl utanate anrgzggggggggg;gzg,
car boxypeptidase P di gestion WikhoRuman SEEBNAe data, it is

concluded that Asn-72 is glycosyl ated; Asn-109 and Asn-120 are probably
gl ycosyl at-ed in some nol ecul es but not in cﬁgggg.

_ Number of
Transfected DNA assayed(ul) COlonieé/los
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 ScFl~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




Asn- 65 coul d be detected during- sequence analysis and 30 therefore may
only be partially glycosylated, if at all. Ser-142, Thr-143 and Thr- 155,
predi cted from DNA sequence, could not be detected during am no acid
sequence analysis and therefore could be sites of O linked carbohydrate
attachment. These potential 35 carbohydrate attachnent sites are

I ndicated in Figure 11; NIinked carboh%grate I's indicated by solid - 53

- bold lettering; Olinked carbohydrate i’s’indi cated by open bold
lettering. K. Am no Acid Conpositional Analysi-s of BRL Stem5 Cell Factor

vaterial from (G del{le £0d Wik UndV0HA CatRiBEneeCBREGdehOEnB LT Al
conposi tion anal ySi s by concentration and buffer- exchange I nto :
amoni um 10 bi Gkabrnaned KOwb resfriqyionsdites watd sbgasmBeélly hydrol yzed in

6 N HC contajrgf§$§hgg§5$%{ug S % 2- mer capt oet hanol at 110[err] in
vacuo for 24 h. e _ :
5 §' CGATTTGATTCTAGAAGGAGGAATAACATATGGTTAACGCGTTGGAATTCGGTAC 3!
3! TAAACTAAGATCTTCCTCCTTATTGTATACCAATTGCGCAACCTTAAGC 5'

Control of protein expression in the pCFM1156 plasmid is
by means of a synthetic lambda P; promoter which is

10 itself under the control of a temperature sensitive
lambda CI857 repressor gene [such as is provided in E.
coli strains FM5 (ATCC deposit #53911) or K12aHtrp].

- . 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 NdeI 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 SCF1™193 containing the rat
scpl-193 gene cloned from PCR amplified cDNA
(Figure 14C) as-described in Example 3 was digested with
BglII 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 polypeptide, a synthetic
oligonucleotide linker

S' TATGCAGGA 3
3' ACGTCCTCTAG S'

30 " with NdeI and BglII sticky ends was made. The small
oligonucleotide and rat SCF‘l"193 gene fragment were
inserted by ligation into pCFMllSS at the unique NdelI
and SstII sites in the plasmid shown in Figure 19. The
product of this reaction is an expression plasmigd,

35 pCFM1156 rat SCFl=193,



hydrol ysates were dried, reconstituted into sodium 15 citrate buffer,

anal yzed usi ng i on exchange chromat ography (Beckman Model
anal yzer).

and

: 6300 am no acid
The results are shown in Table 3. Using 164 ami no acids (from

the protein sequencing data) to calculate am no acid conposition gives a’
match to 20 predicted val ues than using 193 am no acids (as deduced

better

from PCR-deri ved DNA sequenci ng dat a, égure 14C). 25 30 35 - 54 - Table
3 Quantitative Amino Acid Conposition of Mamvalian Derived SCF Anmino Acid
Conpos;tlor_[ . Predi cted Mol es per nole of protein[err] Resi dues
per noleculeferr] 5 Anln Cc pl T3 # (A

(B) Asx 'gtéé‘ bégﬁl]z%s @'Qt dc 3lasm1d Nas. )

10. 37

hr
10. 43transformed 1nt01gompe§gnt FM5 E. c011 host cells.

10

15

20

25

30

35

Selection for plasmld-contalnlng cells was on the basis
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

synthetic oligonucleotide and its junction'to the rat
SCF gene confirmed by DNA sequencing.

To construct the plasmid pCFM1156 rat scrl-162

encoding the [Met'l] rat SCF1-162 polypeptide, an EcoRI
to SstII restriction fragment was isolated from V19.8
rat SCF1~™162 ah4 inserted by ligation into the plasmid
pCFM rat scF}~193 3t the unique EcoRI and SstII
restriction sites thereby replacing the coding region
for the carboxyl terminus of the rat SCF gene.

To construct the plasmids pCFM1156 rat SCFi~
164 2n3 pCFM1156 rat SCF1~165 ancoding the [Met™l] rat
scrl-164 ang [Met™!] rat scpl-165 polypetides,

respectively, EcoRI to SstII restriction fragments were

isolated 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
237-19 in the constructlon of pCFM1156 rat scrl=164 4pg

227-29 and 237- -20 in the construction of pCFM1156 rat
SCFl‘lGS N

B. Recombinant Human SCF

This example relates to the expression in
E. coli of human SCF polypeptide by means of a DNA
sequence encoding [Met™ 1] human scrl=164 apg [Met 1]
human scrl- -183 (Figure 15C). Plasmid V19.8 human
scF1-162 containing the human scF1~162 gene was used as
template for PCR amplification of the human SCF gene.



Ser 14.52  14.30 16 24 d x

11. 44 11. 37 L 10 10 Pro - 10. 90 10. 85

9 10 10 dy 5.81 6. 20 _ 4 5 Ala
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 ghe- . 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 Oligonucleotifelprimers2227-29 and 237-19 w@re us8&dlLye

10. 35 11.28 1 44T n

1 1 Arg generate the, PCR fnA wﬁ 5% ¥as then digested Qlt% EﬁtITotal
158 158 and Sst1i64ﬁ§651ct1993euﬁpeuch@é§Eﬁnleéelgrdae|gﬁt

18, 424[ err] 1. 5rBRSQE Q”M]a'i81'i1‘i%'1QHQ§nfé@&bﬁrahél Be§€8k‘€n€ﬁe2o§odons |
anal ysi s (excl d|n Cys..and eor.eti cal. val uef ca culated from
protein seqdenc®td FﬂfsﬁrfPFGnPE&ﬂPséﬁbgnﬁﬁsﬂgPﬁs Bylug Glpasli®en 1- 164

sequence. Cys) of the human SCF polypeptide, a synthetxc
- oligonucleotide linker

5' TATGGAAGGTATCTGCA 3
10 3 ACCTTCCATAG 5'

with NdeI and PstI sticky ends was made. The small
ocligo linker and the PCR. derived human SCF gene fragment
were inserted by ligation into the expression plasmid
15 pCFM1156 (as described previously) at the unique Ndel
and SstII sites in the plasmid shown in Figure 19.
 The pCFM1156 human SCF}~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 scFl~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 scrll4-183 (described
below), a Sstl to EcoRI restriction-fragmént'encoding
30 the amino terminus of the human SCF gene was isolated
from pCFM1156 human sCF1™164  and the larger HindIII to
Sstl restriction fragment from pCFM1156 was isolated.
The three DNA fragments were ligated together to form
the pCFM1156 human scF1~183 plasmid which was then
35 tranformed into FM5 E. coli host cells. After colony
selection using kanamycin drug resistance, the plasmid



30 I ncl usi on of a known anmount of an internal standard in the
am no acid conposition anal yses also allowed quantitation of protein in the
sanple; a value of 0.117 ng/m was obtained for the sanple anal yzed. 35

- 55 - EXAMPLE 3 doning of the Genes for Rat and Human SCF A.
Anplification and Sequencing of Rat SCF cDNA 5 Fragnments Determ nation of
the am no acid sequence of fragnents ef gghe rat SCF protein made it
possi bl e to design m xed sequence oligonucl eotides specific for rat 10

SCF. The oligonucl eotides were used as hybridi zati on probes to screen rat
cDNA and genoniDNA iwmsrisd ated andptheecsrirecét D¥Apsequenarpkbhy ipoweid ons

o o= 338 0L UBABE Gl 8" S y D st Ate08a Ll 5.
ol i godeoxynucl étderivatdive HfnoeEM3; &daly consapnssghoEgaRdr-Sphiet hod
[Beaucage, et @ragment that includes nucleotides 609 to 820 of the
5 human SCF cDNA sequence shown in Figure 15C. The
- EcoRI-Sphl insert in this plasmid was isolated from a
'PCR that used oligonucleotide primers 235-31 and 241-6
(figure 12B) and PCR 22.7 (Figure 13B) as templateQ 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 scrpl-164

15 Fermentations for the production of SCF 1-164
were carried out in 16 liter fermentors using an FM5
E. coli K12 host containing the plasmid pCFM 1156 human
scFl~164,  geed stocks of the producing culture were
maintained at -80° C in 17% glycerol in Luria broth.

20 For inoculum production, 100 ul of the thawed seed stock
was transferred to 500 ml of Luria broth in a 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 SCFl~
164 oytlined in this example, the following fermentation
conditions were used.

The inoculum culture was aseptically
transferred to a 16 L fermentor containiné 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 hr-l. fThe temperature was controlled at 30°C



Tetrahedron Lett., 22, 1859-1862 (1981); MBride, et al., Tetrahedron
Lett., 24,. 245-248- (1983)]; their sequences are depicted in Figure 12A
The letters 20 represent A, adenine; T, thymne, C cytosine; G guanine;
I, inosine. The * in Figure 12A represents oligonucleotides which contain
restriction endonucl ease recognition sequences. The sequences are witten
5'-3'". Arat genomc library, arat liver cDNA 25 |library, and two BRL
CDNA |ibraries were screened using 32P-%4bel 1 ed ni xed ol i gonucl eot i de
probes, 219-21 and 219-22 (Figure 12A), whose. sequences mere based on am no

aci d sequence Lajne s.Ln solated in

t hese experineﬁ?s§u | hgs?ﬁﬂﬁé%dgg%genet 0ds cﬁs qg%%ﬁé1 ﬁg [ Mani atis, et
al ., Ml ecular ccboanhgat@hdl@pthﬁgfemwetrOQmSZ%lt(OImqalJm alternate
appr oach whi chcshéfmuhtatnsbﬁesam@éi ﬁfﬂucéfd& g, sequences

I nvol ved the use ues reglon of 35
DNA enconpasseégbythBnDNAtﬁr|Hﬁ?%elsb%ﬁﬁHP?Q%ﬁP%RH |QK¥%PQn vitro by
mul tiple cyel esupplemphtaeibAnNfor control. The pH of the fermentor

was automatically controlled at 7.0 using phosphoric
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 scFl-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 descrlbed above except for the
follow1ng 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, resuiting in a slower growth rate
(approximately 0.08). -

3) The culture is induced-at OD-600 of 20. -
4) Peed 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



- 56 - catalysed by a suitable DNA pol ynerase (such as Tagl DNA pol ynerase)
in the presence of deoxynucl eoside triphosphates in a therno cycler. The
specificity of PCR anplification is based on two oligonucleotide 5 priners
whi ch flank the DNA segnent to be anplified and hybridize to opposite
strands. PCR wi th doubl e-sided specificity for a particular DNA region in a
conplex m xture is acconplished by use.ajg two.priners with sequences
sufficiently specific to that region. PCR 10 w th single-sided specificity
utilizes one region- specific priner and a second priner which can prine at
target sites present on many or all of tIaBUBNA nol ecules in a particular

m xture [Loh et al., Science, 243, 217-220 (1989)]. 15 The DNA
products of successful PCR anplification reactions are sources of DNA
sequence information.[ Gyl | enst@ompds ikt sarh e fy Bat chy Medd@ny08 (1989)] and can
be used to nmake | abel ed hybridi zati on probes possessing greater |ength and
hi gher specificity 20 than oligonucl eotide probes.., PCR products can al so
be desi gned,5w ¥easgtpessriagte pri mer sequences,*tBO%egéPoned into plasmd
vectors which aghQwolle expression 5

K,HPO, | 3.5
KH,PO, - a
MgSO,4-7H,O0 . | 1

10 .NaCl 0.625
Dow P-2000 antifoam 5 mL/8 L
vitamin solution® 2 mL/L
Trace metals solution® = 2 mL/L

15 2Unless otherwise noted, all ingredients.ate listed as
g/Lo

brrace Metals solution: FeC13-6H20} 27 g/L; ZnCl,-4
H,0, 2g/L; CaCly-6H,0, 2 g/L; NajMoO,-2 Hy0, 2 g/L,
20 CusSO,-5 H,O0, 1.9 g/L; concentrated HCl, 100 ml/L.

Cyitamin 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



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 snmall arrows
indicate PCR anplifications and the thick arrows indicate DNA sequenci ng
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
prinmers used in these PCRs were m xed el 8gorucl eoti des based on am no acid
sequence depicted in Figure 11. Using the sequence infornmation obtained
fromPCRs 90.6 and 96. 2, unique sequence priners (224-27 and 224-28, 35
Figure 12A) were nade and used in subse@&8bE Afplificati ons and sequencing

reactions. DNA containing - 57 - the 5 end of the cDNA was obtained in
PCRs 90.3, 96.6, and 625.1 using single-sided _specificity PCR Additional
DNA sequence near the C-terni n&mposation ofoFeeda¥eddumi ned in PCR 90.4.
DNA sequence for the 5 renmainder of the coding region of rat SCF cDNA was
S Yeast extract 502
Glucose : 450
MgSO4‘7H20 8.6
Trace metals solution® 10 mL/L
Vitamin solution® 10 mL/L
10

qunless otherwise noted, all ingredients are listed as
g/L.

Prrace Metals solution: FeCl3-6H,0, 27 g/L; 2nCl,-4
15 Hzo' 2g/L; cac12°6820"2 g/L; Na2MOO4‘2 Hzo, 2 g/L)

CuSO,4-5 H,0, 1.9 g/L; concentrated HC1, 100 ml/L.

Cvitamin 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



obtai ned from PCR products 630.1, 630.2, 84.1 and 84.2 as descri bed bel ow
In section C of this Exanple.” The techni ques used in obtaining the rat SCF
cDNA are described bel ow. 10 RNA was prepared fromBRL cells as
descri bed by Ckayama et al. [Methods Enzynol ., 154, 3-28 (1987)]. Pol yA+
RNA was isol ated using an oligo(dT) cellul ose colum as described by
Jacobson in [Methods in Enzynol ogy, vel gee-152, 254-261 (1987)]. 15
First-strand cDNA was synthesized using 1 [err] of BRL pol yA+ RNA as
tenplate and (dT)[err] as primer according to the protocol supplied with
the enzyme, Mo-M.V reverse transcripta§dBlBelhesda Research Laboratories).
RNA strand degradation was perforned 20 using 0.14 M NaOH at 84[err] for 10
mn or incubation in a boiling water bath for mn, Excess ammoni um
acetate was added to neutrali pq&at&qm.pﬁnggegnﬂsﬂhgﬁgéNA was first
extracted with phenol/chloroform then extracted with chloroforniso-anyl
al cohol, and precipitated with 25 ethanol .. To naE Rossi bl e the use of

ol i go(dC)-ret at®BHRYMers in PCRs with single-si Z& specificity, a poly(dQ
tail was added gteagheedtrdet mi nus of an aliquot oB86the first-strand cDNA
wi th term nal téfﬁggggase from 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, 1251 scr was
“added, and the tubes were incubated at 4°C for at least
20 h. Each assay tube contained 500 uyl of incubation
mixture consisting of 50 ul of diluted antisera, -60,000
cpm of 1257.gcF (3.8 x 107 cpm/ug), :
25 S pl trasylol and 0-400 ulnof 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 1257-scF was precipitated
by the addition of 150 ul Staph A (Calbiochem). After a
1 h incubation at room temperature,.ﬁhe samples'were

35 centrifuged and the pellets were washed twice with
0.75 ml 10 mM Tris-HCL pH 8.2, containing 0.15M NaCl,



calf thynus (Boeringer Mannhein) as previously described 30 [Deng et al.,
Met hods Enzynol ., 100, 96-103 (1983)]. Unless otherwi se noted in the
descriptions which follow, the denaturation step in each PCR cycle was set
at 94[err], 1 mn; and elongation was at 72[err] for 3 or 4 mn. The

t enperature and duratlon of annealing_ Vgp 35 variable fromPCR to PCR
often representing a conprom se based on the-estinated requirenents of -
58 - several different PCRs being carried out sinultaneously. Wen prinmer

concentrat|onsszgeEbQQchthg begsepitde ﬁﬁfoﬂﬂ“f#ﬂé”héﬁhéﬁ'ﬁ?iléﬂé'faCtS
[ WAt son, Anplifications, (1989)], | onger ealing times wer e

i ndi cat ed:; mheHePERFBPBGGEt1Boﬁc@ﬁFW t FONN VS ?ﬁ t%ﬁﬂﬁﬁﬁwtﬁﬁnﬂﬁﬂ??ﬁftlnns
and hi gher pri g€r 12duesntr dbuads Wedenusebotnd | by rasses yiatking\ e an

br mor -t ar ot - HBEBAapad RNCRERTAL SRR LEIEE IPC Rt LR AR 1T O

Usi ng PurifbednGespecédic prewmipibabioand KFokypiZ#l RIWatienshowmeim Yor k)
Figure 20. The percent inhibition of 1251-scF binding
produced by the unlabeled standard is dose dependent
(Figure 20A), and, as indicated in Figure 20B, when the
immune precipitated pellets are examined by SDS-PAGE and

10 autoradiography, the 125;.scF protein band is
competed. In Figure 20B, lane 1l is,lzsl-SCF. and lanes
2, 3, 4 and 5 are immune-precipicated 1255 _scF competed
with 0, 2, 100, and 200 ng of SCF standard, '
respectively. As determined by both the decrease in

15 antibody-precipitable cpm observed in the RIA tubes and
decrease in the immune-precipitated 125;_scF 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, CO0S-1, and CHO
cells. Partially purified E. coli expressed rat
scFl-193 (Example 10), COS-1 cell expressed rat scpl-162
and sCF1™193 a5 well as human Scrl~162 (Examples 4 and

25 9), and CHO cell expressed rat SCF1™162 (pyample 5),
wére subjected to SDS-PAGE. Following electrophoresis,
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 7.5, containing 10% goat serum
followed by a 14 h room temperature incubation with a
1:200 dilution of either rabbit preimmuné'or immune
serum (immunization described. above). The antibody-

~ antiserum complexes were visualized using horseradish

35 peroxidase-conjugated goat anti-rabbit 1gG reagents
(Vector laboratories) and 4-chlorojl—napthol color
development reagent.



pp. 683-693 (1981)]. The enzynes used in the anplifications were obtained
fromeither of three manufacturers: Stratagene, Pronega, or Perkin-El mer 15
Cetus. The reaction conpounds were used as suggested by the manufacturer.
The anmplifications were perforned in ei.ther a Coy Tenpcycle or a

‘Perkin-El mer Cetus DNA t hernocycler. Anplification of SCF cDNA fragnents
was 20 wusually assayed by agarose get gheetrophoresis in the presence of
et hi di um broni de and visualization by fluorescence of DNA bands stinul at ed
by ultraviolet irradiation. In some cases where snall fragnents were

antici pated, PCR product £xampdesnafyted uqsﬁfkmmﬁq&&ygdsuamhegﬁésented

el ectrophoresi g gq%h @%aghognhhgg thgnop§ y@dbpa ok CDNA
fragnents was ogtal é é observation of roprlatel_ s upon
subsequent anpRo0; edt PENCASTH 6ﬁé10Pfﬂi#%? fuRam|S -edﬁﬂQ%m%s Fi na

gonfl [J gat I gn \A/&%dby%%ggemg?%@ éegc@ﬁq Nge 1 Saidsiuciid eHumarPrm (P@df-l ﬁcad
p(r:ledl ctéd t PanSeAs or'frﬁl"% )]dv\n(‘)"tlﬁh @Ecgpﬁ@gug%'h‘ggﬁfégr?ﬁ# fn(;'?i gn. t I ﬁ
the initial PCBm@&naﬁmmﬂnmaleEm&ed weight markers. Lanes 1-4 were
incubated with pre-immune serum and lanes 5-8 were
incubated with immune serum. The immune serum
specifically recognizés a diffuse band with an apparent
10 M. of 30,000 daltons from COS-1 cells producing human
scrl™162 pyut 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
scrpl-193 produced in E. coli; lanes 2 and 8 are wheat
15 germ agglutinin-agarose purified COS-1 cell produced rat
scrl1~193; janes 4 and 9 are wheat germ agglutinin-
agarose purified COS-1 cell produced rat scrl-162; 1aneg
S 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 scrpl-193 (lanes
1 and 7) migrates with an apparent M, of -24,000 daltons
while the COS-1 cell produced rat scrpl-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 SCF171862 jnto cOS-1 (lanes 4 and 9), or CHO cells
30 (lanes 5 and 10), results in expression of SCF with a
lower average molecular weight than that produced by
transfection with SCFl 193 (lanes 2 and 8).
' The expression products of rat scpl-162 from
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



35 ol i gonucl eotides based on SCF protein sequence were used [Goul d, Proc.
Natl. Acad. Sci. USA, 86, 1934-1938 - 59 - (1989)]. Below are
descriptions of the PCR anplifications that were used to obtain DNA
sequence information for the rat cDNA encoding amno 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 volunme of 20 [err]. An aliqu86 of the product of PCR 90.6 was

el ectrophoresed on an agarose gel and a band of about the expected size was
observed. One [err] of the PCR 90.6 10 product was anplified further wth
20 prmol each ofappehydsarer var iandsa2yhgrentbe FEFr poiypeptidgches,

anneal i ng at 45&§EbgybgH@awﬂdmaﬂy}égghi g&ggﬁgg was then subjected to 25
cycles of anplification.in the presence of rs 222 % 1 and 219-25 (PCR
96.2), vyielding a 15 si ndife Ybr@@&&@’ﬂaﬂ& g8RSadAfesatgefkhat

el ectrophor esi §mmAnemyirunc fagu idabbditisoimabini Bedpwadhichaehr®CR 96.2 with
the same tmg pagggg lgkp%ﬁﬁe%é%ognize recombinant SCF produced in
E. coli, COS-1 and CHO cells but fail to recognize any
bands in a control sample consisting of COS-1 cell
produced EPO. 1In further support of the specificiéy of
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

SC:F]-'162 in a large scale experiment (T175 cm? flasks

20 instead of 60 mm_disheé) 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/WY mouse has a stem cell
defect which among other features results in a
macrocytic anemia (large red cells) and allows for the
transplantatlon of bone marrow from normal animals

30 without the need for irradiation of the recipient
animals [Russel, et al., Science, 144, 844-846

- (1964)]1. 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 intb W/WY mice. The



tenpl ate which was successfully sequenced. Further selective anplification
of SCF sequences in the product 20 of 96.2 was perforned by PCR
anplification of the product in the presence of 222-11 and nested priner
219-21. The product of this PCR was used as a tenplate for asymetric
anplification and radiol abell ed probe production (PCR2). 25 To -
isolate the 5 end of the rat SCF cDNA6pri ners containing (dC)n sequences,
conplimentary to the poly(dG tails of the cDNA, were utilized as non-

e T bt 57 BodbaTehe chab0aPTel ke31e 223,84 Prol)
very high nol exiffaresy giiimesgPoagatteansplantandoal and eagtrh€theadi ag wel |
Furthor anp § 508 o A s e e mihsd olr EpBCAREEs 88 00" o 2256
in a 35 vol umpesfigiendl fidrookb celdise £ roanmesglipagnt to5denck. One- hal f
[err] of thy s YAl pe@S TR Slioqd £rBh 2RcipikRt to doddr

phenotype is detected by monitoring the forward scatter

profile (FASCAN, Becton Dickenson) of the red blood

cells. The profile for each Eransplanted animal was

compared to that for both donor and recipient un-

10 transplanted control animals at each time point. . The
comparison was made utilizing a computer program based
on Kolmogorov-Smirnov statistics for the analysis of
histograms from flqw gystems [Young, J. Histochem. and
Cytochem., 25, 935-941 (1977)]. &n 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 10° 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 10° 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
sﬁimulation in the MC/9 bioassay). 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 Fidure 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 donot phenotype. This Example illustrates the
usefulness of SCF therapy in bone marrow transplantation.




with internally nested prinmer 219-25 and 201-7 (PCR 96.6). The sequence of
201-7 is shown in Figure 12C. No bands were observed by agarose gel

el ectrophoresis. Another 25 cycles of PCR, annealing at 5 40[err], were
performed, after which one prom nent band was observed. Southern blotting
was carried out and a single prom nent hybridizing band was observed. An
additional 20 cycles of PCR (625.1), angeating at 45[err], were perforned
using 201-7 and nested primer 224-27. 10 Sequenci ng was perforned after
asymmetric anplification by PCR, vyielding sequence which extended past the
putative am noBter @nnudvof athévpresafieRiasi SRl ipditdale Kioxk ng sequence of -
pre-SCF. This sequence was used to design oligonucleotide priner 227-29
containing the 5 15 end of the coding region of the rat SCF cDNA.
Similarly, the 3 DNA seYubptéoBadakgtiae %ﬁi#ﬂﬁ%i@l&%‘z defioirngirsl by

sequenci ng PCR&Onéméiagolfbﬁ%ecéiilé\) néd O Of 4t Jwdm St em Cel |
Factor Genonic

gs made qgllflcatlon of cDNﬁB*ncodlng
rat SCF as des&fl B‘éd |ﬁ'h§e FF‘Bﬁ°ﬁ°éBBV% LR RN fEe RS
cont a| ni ng rat nyaberisC ofegednbesofobe bl setRisxud XJ AWHOH ¢obddmyf ori es,

I nc. Regulation of Hematopoiesis, Vol. I, 649-675 Appleton-
Century-Crafts, New York (1970)], neutrophils .
{Ruscetti, Proc. Soc. Exp. Biol. Mea., 152, 398

10 (1976)], monocytes [Shibata, J. Immunol. 135, 3905
(1985) ]}, megakaryocytes [Ebbe, Exp. Hematol., 6, 201
(1978) ], natural killer cells [({Clark, Immunogenetics,

_13, 601 (1981)], and mast cells' [Hayashi, Dev. Biol.,
109, 234 (1985)]. Steel mice are poor recipients of a

15 bone marrow transplant due to a reduced ability to
support stem cells (Bannerman, Prog. Hematol., g,.131‘
(1973)]. The gene encoding SCF is deleted in Steel
(S1/51) 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

' (WCBGFl-Sl/Sld) were purchased from Jackson Labs,
Bar Harbor, ME. Peripheral blood was monitored by a

25 SYSMEX F-800 microcell counter (Baxter, Irvine, CA) for
red cells, hemoglobin, and platelets. For enumeration
of peripheral white blood cell (WBC) numbers, a Coulter
Channelyzer 256 (Coulter Electronics, Marletta, 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/kg/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



25 catal og nunber RL1022 j). The library was constructed in the
bact eri ophage X vector EMBL-3 SP6/T7 using DNA obtained froman adult male
Sprague-Daw ey rat. The library, as characterized by the supplier, contains
2.3 [err] independent clones with an average insert size of 30 16 kb. PCRs
were used to generate [err]-|abel ed probes used in screening the genomc
library. Probe PCRL (Figure 13A) was'b@@péred In a reaction which contained
16.7 uM [err] P[al pha] -dATP, 200 [err] dCTP, 200 [err] dGIP, 35 200 [err]

TaFi hooet OeRYk kg BRLLFY RACHURET B Boc AL B o
[err] 223-6 andas fnenilooédteiwl il Mlekdsowfai-E0nglt Ak theget sites for :
e o1 Bt "o ingfe¥ee Ly 106 SRER LN Wl MogP UG LB s
using 0.5 [errink223%1EDBAOs02bed |syxiinges and Bispensest intenpl ate derived
from PCR 9652. powdered EDTA microfuge tubes (Brinkmann, Westbury,
_ NY); There is a significant correction of the
macrocytic anemia in the treated animals relative to .
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, scrFl=164 ang scrl=193, yere
| produced as described in Example 10. In addition,
E. coli SCF17164 podified by the addition of
polyethylene glycol (SCFl‘l64 PEG25) as in Example 12,
was also tested. CHO derived SCFl'lsz'produced as in
20 Example 5 and purified as in Example 11, was also
tested. The aﬂimals 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'grohp are shown in
Figure 27. There are absolute increases in
neutrophils, monocytes, lymphocytes, and platelets.
The most dramatic effect is seen with SCFY~164 pgg 25,
30 An independent measurement of lymphocyte
subsets was also performed and the data is shown in
Figure 28. The murine equivalent of hqman 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




Approxi mately 106 bacteri ophage were plated as described in Maniatis et al.
[supra (1982)]. The 10 plaques were transferred to GeneScreen Plus[err]
filters (22cm x 22cm NEN DuPont) which were denatured, neutralized and
dried as described in a protocol fromthe manufacturer. Two filter
transfers were perforned for each plate. 15 The filters were
prehybridized in 1M NaCl, 1% SDS, 0.1% B8vine serum al bumin, 0.1%ficoll
0. 1% pol yvi nyl pyrrol i done (hybridization solution) for approximately 16 h
at 65[err] and stored at -205ﬁ¥%i The filters merg transfered to fresh
hybri di zati on SAYHIES RerF& m%§vgép§|tgb$| €81 pcrubspEPhinathe. 2 x
10[err] cpm mM taedvadradinead. for 14 h at 65 err]. The filters were
washed in 0.9 M NaCl, O. tr H.7. 2 wash
solution) for 2 h at roo ol\fﬁp ra%{?rg)atso g\/\é‘%db %gDieﬁg h?\ﬁg in fresh
wash sol ution ﬁmmszis 3& inhﬂws¥ﬂ<ﬂwq hunﬂaeﬂemuophkgeeC$OQQSWhobe1the

areas of th tdgﬁ tyi adi ogr ans
were renove fro at es a rﬂ{eg(!{dggheggl \Aﬁl_ﬁQQ g%Rﬁbg%d PCR2. DNA
from positive QrRRLe Qﬂiﬁﬁnaﬁf SATDIE OfeBLPPE! R tvgedueiEhses BanHl,

Sphl or Sstl, ajwkdine deionized water for 60 seconds and then made
isotonic with 10X Dulbecco'$§ Phosphate Buffered Saline
(PBS) (Gibco, Grand Island, NY). This lysed blood was

10 washed 2 times with 1X PBS (Gibco, Grand Island, NY)

- supplemented with 0.1% Fetal Bovine Serum (Flow
Laboratory, McLean, VA) and 0.1% sodium azide. Each

- sample of blood was depositad into round bottom 96 well
cluster dishes and centrifuged. The cell pellet

15 (containing 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 biological activity
in normal primates. Adult male baboons (Papio sp.)



resulting fragnents were subcloned into pUCL19 and subsequently sequenced.
The strategy for sequencing the rat genomc SCF DNA is shown schematically
in Figure 14A. In this figure, the line drawing at the top 35 represents
the region of rat genom c DNA encoding SCF. The gaps in the line indicate
regi ons that have not been - 62 - sequenced. The | arge boxes represent
exons for coding regions of the SCF gengggiih the correspondi ng encoded

am no aci ds indicated above each box. The arrows represent the individual
regions that were sequenced and 5 wused to assenble the consensus sequence
for the rat SCRi@fe@estddiedeshiaiited Qrouds: SCEngeaet'ea shewn in Figure 14B.

Using PCR 1 pr creen r at eno rar cI nes correspondi ng
to exons encodlggFaﬁ?i ugj} )a‘giﬁ's '1 nri%%cgf 1584 8P§dl 284, prgﬂ?
obtai n cl ones fbreekemsanmmaIs%rncﬁxwd&asxm@lagdaegyosubcutamnnusacid 19,

the 1ibrary was, ssegeneds Usk el SU SPciReRtoRe-82868%unlll AU S

of filters used evrous
5 the anxmals under ketamine restraint. Specimens for

complete blood count, reticulocyte count, and platelet
count were obtained on days 1, 6, 11, 15, 20 and 25 of
treatment. |
All animals survived the protocol and had no
10 adverse reactions to SCF therapy. The white blood cell
count increased in the 100 ug/kg treated animals as
depicted in Figure 29. The differential count,
obtained manually.from Wrignt 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 (hSCF1™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,
admxnlstered 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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probe PCR 1 were prehybridized as before and hybridized 15 in
hybri di zati on sol ution containing 32P-]| abel ed ol i gonucl eotide 228-30 (0.03
picomole/m ) at 50[err] for 16 h. The filters were washed in wash sol ution
at roomtenperature for 30 mn followed by a second wash in fresh wash
solution at 45[err] for 15 mn. Bacteriophage 20 clones fromthe areas of
the plates corresponding to radi oactive spots on autoradi ograns were
renoved fromthe plates and rescreened wit®lprobe 228-30. DNA from positive
cl ones was digested with restriction endonucl eases and subcl oned as before.

Usi ng probe 25 228-30, clones oyl espo di the-g¥an encodi ng ani no
acids -20 to 18 WErRAUBERE nebth 09 k&tggﬁp8§c%ere mide to isolate cl ones

corresponding to the exon(s) contalnlng the 5'-untrans|ated region and the

coding region for am ng Blgalagltgi é’i for regi on of
the rat SCF gene have C Clonlng Ra&Le€§ﬁ++e$E¥§§§%55|on in

Manmal i an Cells 35 DAY MEBCal i an cel | expre®dYon syst 8B were
devised to ascgrtain whegher an aggdye pol ypeptide pigoduct of ggqg
| +7 10700 +7 7400
+14 12600 +14 20900
+16 22000 +21 18400
+22 31100 ' +23 24900
10 +24 28100 +29 13000
' +29 9600 ' +30 23000
+36 6600 +37 12100
+43 5600 +44 10700
+51 7800
15

Treatment with 200 pg/kg-day PEG-hSCF1~164,

Animal § M88350 Animal .§ MB9116

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
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- 63 - rat SCF could be expressed in and secreted by mammal i an cel | s.
Expression systens were designed to express truncated versions of rat SCF
(SCF[err] and [err]) and a protein [err] predicted fromthe translation 5
of the gene sequence in Fig. 14C. The expression vector used in these
studies was a shuttle vector containing pUCL1l9, Sv40 and HTLVI sequences.
The vector was designed to all ow aut ohagmis-.replication in both E. coli and
manmal i an cells and to 10 express inserted exogenous DNA under the control
of viral DNA sequences. This vector, designated V19.8, harbored in E. col
DH5, is deposited with the American TﬁﬁaMEDEt&re Col l ection, 12301 Parkl awn

Drive, Rockville, M. Iﬁ g% g%ﬁ, !E FJ f g ative of
pSVDML9 descri bed in .l 1ty e & a%ca}ﬁﬁnarpeééé’ rated by
reference. The cDNA for rat [err] was |nserted into plasm.d vector V19. 8.

The cDNA sequence is showhe @DNAJWEE hifien She §5¥%e§gadeﬂg Q%E@nh.cih's

construction 20 as s t hesi zed in ,PCR_reactions 2, as shown
in Figure 13A 2Ri&Se 1 P@&a@@ﬁ[ anEEBeﬁaéﬁFW“S sut1ined’in :

Example 3D, was expressed in COS-1 cells as described
for the rat SCF in Example 4. COS-1 supernatants were

assayed on human bone marrow as well as in the murine
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 gradients (Pharmacia)

15 and cultured in 2.1% methyl cellulose, 30% fetal calf
serum, 6 x 1075 M 2-mercaptoethanol, 2 mM glutamine,
ISCOVE'S medium (GIBCO), 20 U/ml EPO, and 1 x 10°
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 Colonies
in Response to SCF
Volume of CM ~Colony #/100,000
~ Plasmid Transfected .  Assayed (ul) cells £ SD
30 V19.8 (no insert) 100 _ ' 0-
| 50 , 0
v19.8 human scri-162 100 33+7
50 ' ' 22%3
v19.8 rat scpl-162 100 1341

s . 50 10




anplifications and utilized synthetic oligonucleotide prinmers 227-29 and
227-30. The sequence for these priners was obtained from PCR generated cDNA
as 25 described in section A of this Exanple. The reactions, 50 [err]-in
vol une, consisted of | x reaction buffer (froma Perkin Elnmer Cetus kit),
250 [err] dATP, 250 [err] dCTP, 250 [err] dGIP, and 250 [err] dTTP, 200 ng
oligo(dT)-prinmed cDNA, 1 piconole of 23@-29, 1 piconole of 227-30, and 30
2.5 units of Taq pol ynerase (Perkin £l f8f Tetus). The cDNA was anplified
for 10 cycles using -a denaturation tenperature of 94[err] for 1 mn, an

anneal i ng tenperature of on [ e, of
72[err] for 1 mn. After‘rﬁéesé?:éﬁlg rou%fa&' ?%@% arrplé’%)fc%#b%d 10
pi conol es of 2are2shawa io ﬁﬂsunﬁlébAcﬁmignlﬁKPa&yQPz%ﬂﬂ%itcﬁb%omrt@mct|on

Anplificationsinaicabés a“@?ﬁx%gﬂtbaﬂgﬁ&f(”Tﬁg)éBMHﬁ?éé”Fggeﬁﬁfé§a@F
conditions wth the exceptian anneahl¥%tenperature was changed to

55[err]. The pPYddEEs SP'FHQ PEﬁpﬂé?% in nge B i @yeege
endonucl easgs bi, sdmknl) . anduSstblthylﬁrﬁsence of EPO, some of the

colonies were hemoglobinized.' When the colonies were
isolated and centrifuged onto glass slides using a
Cytbspin (Shandon) followed by staining with Wright-
Giemsa, the ptedominant cell type was an _

10 undifferentiated cell with a large nucleus:cytoplasm
ratio as shown in Figure 31B (magnificatioh'4003). 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

1S 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 recémbinant 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 described 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.

35



5 was simlarly digested with Hndlll and Sstll, and in one instance, the
di gested plasm d vector was treated with calf intestinal alkaline

phosphat ase; in other instances, the |large fragnent fromthe digestion was
i sol ated from an agarose gel. The cDNA was ligated to 10 V19.8 using T4
pol ynucl eotide |ligase. The ligation products were transfornmed into
conpetent E. coli strain DHS as descr4 byggh [-Okayamm, et. al., supra (1987)].
DNA prepared fromindividual bacterial clones was sequenced by the Sanger
di deoxy nethod. Figure 17 shows a 15 construct of V19.8 SCF. These

pl asni ds were used to transfect nmamulTaBLEdIIs as described in Exanple 4
and Exanple 5. The expression vector for rat [err] was constructed using a
strategy simlar to that used for 20 SCF1 162 in which cDNA was

synt hesi zed usi ng PCR &ggombinantohumad SCEsAHNRAGY\ViBR-PEBAL| nto V19. 8.
The cDNA used in the const HuganoTo10ay SYAltatingd FacPERsanplifications
with V19.8 containing [err] CONA (VI9. 8. [err]) as tenplate, 227-29 as the
prinmer for 25 the 5 -end of the gene and 237-19 as the prinmer for the
3'-end of the gene. Duplicate reactions (E6lohy Q¢h0§ineﬂlbx(ldaoaysn
buffer, 250 uM each of dATP, dCTP,

mock 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 £ S
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 24§). 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.

30

35



dGTP and dTTP, 2.5 units of Taq pol ynerase, 20 ng of V19.8: [err] and 20

pi conol es of each primer. The 30 cDNA was anplified for 35 cycles using a
denaturation tenperature of 94[err] for 1 min, an annealing tenperature of
55[err] for 2 mn and an elongation tenperature of 72C for 2 mn. The
products of the anplifications were digested with restriction endonucl eases
H ndlll and 35 Sstll and inserted iutq 19.8. The resulting vector
contains the coding region for amno acCids -25 to 164 of SCF foll owed by a
term nation codon. - 65 - The cDNA for a 193 amno acid formof rat SCF,
(rat [err] is predicted fromthe transpgije@mof the DNA sequence in Figure
14C) was also inserted into plasmd vector V19.8 using a protocol simlar
to that 5 wused for the rat BEFi 868t addwe clIWiddatsswms used in this
construction was synthesized™n PCRreactrons 84. 1 and 84.2 (Figure 13A)
utilizing oligonucleotides 227-29 and 230vagfumelhe two r@sbénpng/Bepoesent

i ndependent anpliamidt Teaas§eacedng f rhgssaydd eidnt RNACells * SD

5
V19,8 (no insert) 25 ' - 211
v19.8 human Scrl-162 25 140
| 12 8+0
6 9+5
3 6+4
10 1.5 6+6
v19.8 rat scrl—162 25 6+1
human GM-CSF 50 (5 ng/ml) 14+5
1s - EXAMPLE 10

Purification of Recombinant SCF Products
Expressed in E. coli

" Fermentation of E. coli human SCF1~164 (g
20 performed according 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 15MR-8TBA) at 8000 psi. A
broken cell pellet.fraction was obtained by
25 centrifugation (17700 x g, 30 min, 4°C), washed once
with water (resuspension and recentrifugation), and
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, SO 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



10 preparations. The sequence for 227-29 was obtained via PCR reactions
as described in section A of this Exanple and the sequence for priner

230- 25 was obtained fromrat genom c DNA (Figure 14B). The reactions, 50
[err]r in volume, consisted of - Ix reaction buffer (froma Perkin 15 El ner
Cetus kit), 250 [err] dATP, 250 [err] dCTP, 250 [err] dGIP, and 250 [err]
dTTP, 200 ng oligo(dT)-primed cDNA, 10;pgcanol es of 227-29, 10 pi conol es of
230-25, and 2.5 units of Taqg polynerase ?Perkin El mer Cetus). The cDNA was
anplified for 5 cycles using a denaturation 20 tenperature of 94[err] for

1| 1/°2 m nut es, ¢ éhpeérdtast é Ng tm%?ﬁw%ﬁ/ﬁﬁﬁr&dtﬁdgf oF rﬂﬂh and an .

el ongation te ery] for 2 mn er_these init rounds,
the anplifi ca[?%%‘gb%’r%e% %ﬁhu‘é‘&ef%‘f pexnakAnt, sftrL?r?&e‘ront &S e(ﬁ)ndl tions
with the exceptlawly hatitihes Rbr nimeal td 39 fpdy aifiiam \agpp raiparigae t 0
60[err The pr RePtidd | o

re[strl Ltlon endlonucﬁtéeaés%sﬁrlfh ﬁ andirg ﬁdﬁ%fww feg: gsétheec?vmth
H ndl 11 ands SsmIU@mdn’é!h@lt%tr‘g%r'tr&gﬁéﬁt“ﬁﬁ%nﬁqmﬂ‘g@sﬂf@@% i sol at ed
from an agarosg @f'mMTf@r&D'\?‘ o ¥68ihh dxhtd, 4P oM Y iNO-HCA pH

pol ynucl eotide ligase. The gatlon product s %?re transf or ned |nto

conpet ent E. c%+$'s¥r@NrE¥?£? RiorRn brlhr A isefinmy agide.  SCF

concentration was estimated as 150 ug/ml. After 60 h at
room temperature [shorter times (e.g. -20 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-HCl, pH 8. The temperature during the
concentration/ultrafiltration was 4°C, pumping rate was
'S 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 reduction 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 (unreduceﬁ), 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



bacterial clones was sequenced. These plasm ds were used to transfect

mammal i an cells in Exanple 4. 35 - 66 - D. Anplification and Sequenci ng
of Human SCF cDNA PCR Products The human SCF cDNA was obtained froma 5
hepat oma cell |ine Hep& (ATCC EB 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 f+@ozhe rat SCF cDNA. RNA was prepared
as described by Maniatis 10 et al. [supra (1982)]. Pol yA+ RNA was
prepared wusing oligo dT cellul ose follomnn% manuf acturers directions.

(Col | abor at i ve iResemoriall of. xemgindngsEr aggléprpnbanipaepar@adaef deberi bed

above for BRL %R%nt%%@% tfts%hssyaheﬁsmawascprbn?ﬂfiéawtbha S&?éﬁl—

ol i gonucl eoti de 228-28, shown In Flg whi ch cont ai ns ort random
sequence at th€°9°99@ﬁdt3Vt&€h€d°§8 écFéﬁﬁePcﬁhVﬁu€°§§aﬁ@ﬂEé°"Thésunlque-
obtained.
5 The pH of the ultrafiltration retentate was

adjusted to 4.5 by addition of 375 ml of 10% (vol/vol)
acetic acid, leading to the presence of visible
precipitated material. After 60 min, at which point
much of the precipitated material had settled to the

10 bottom of the Qessel, the upper 24 L were decanted and
filtered through a Cuno™ 30SP depth filter at 500 ml/min

~ to complete the clarification. The filtrate was then

diluted 1.5-fold with water.and applied at 4°C to an
S4Sepharose'Fast Flow (Pharmacia) column (S x 18.5 cm)

15 equilibrated 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 material,

" 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 ul) 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
material, .

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 (fractions 10-21, Figure 32 B); and



sequence portion of 228-28 provides a target site for anplification by PCR
wth primer 228-29 as non-specific 20 prinmer. Human cDNA sequences rel ated
to at least part of the rat SCF sequence were anplified fromthe Hep& cDNA
by PCR using priners 227-29 and 228-29 (PCR 22.7, see Figure 13B; 15 cycles
annealing at 60[err] followed by 15 cycles annealing-at 55[err]). Agarose
gel 25 el ectrophoresis reveal ed no distjggt- bands, only a snear of
apparently heterogeneously sized DNA. Further preferential anplification of
sequences closely related to rat SCF cDNA was. attenpted by carryi ng out PCR
with 1 [err] ofdi*mleé-ZQxﬁkemaﬂlm maitagi'amtpreaéhy tiesdeghoat ©SRe SCF

erner 222-11 a$§58f$gﬁ Zgg Q@?gﬁﬁibﬁg gg_gg f%g Qegﬁdgg at 55[err]).
gain only a he erogeneous shear o produc serve nh agarose
gel s. Doubl e-si ded speci fFrachidns iZaSiBofirom the $ChepHagope odatesnwi th
e aeer i o i P Bl GociOumcheshebRI % 15 49 251 100
product. Secendd@jtion_of7about 11 ml 6 N HCl and applied to a Vydac
Cy column (helght 8.4 cm, diameter 9 cm) equilibrated
with 50% (Vvol/vol) ethanol, 12.5 mM HCl (solution A) and
operated 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 SCF
material, bound to the column, was eluted with a
gradient from solution A to solution B (18 L total
Qolume) 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 éonditions).
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 1M
.Tris base (135 ml) was added to bring the pH to 8,



of an asymetric PCR product (PCR 33.1) DNA using 224-24 as sequenci ng
primer yielded about 70 bases of human SCF sequences. Simlarly,
anplification of 1 [err] of the PCR5 22.7 product, first with prinmers
224-25 and 228-29 (PCR 24.7, 20 cycles), then with prinmers 224-25 and
227-30 (PCR 41.11) generated one mmjor band of the sane size as the
correspondi ng rat SCF product, -and aft&©@%synmmetric anplification (PCR
42.3) yielded a sequence 10 which was highly honol ogous to the rat SCF
sequence when 224-24 was used as.sequencing priner. Unique sequence

ol i godeoxynucl £8L1ugdt Brgdt BaTEiSTREL huRBnd sCF23 DRBhibreo HRiPRstBed and
their sequencegogad QrienNcoAcEnguatid@aBtolbo mM. Next TO© miptPf Nsifpelpunan

counterpart of the rat_.S CR- ge ence which was used in
expr ess!oon andpgcgi \5?%’95&& %%;9 ggﬁe\% tc??‘d '??qrg? L‘:f}f 9’ °a]h"ﬂ“e\2,\%f’ 30 was -
per fornmed on 13peﬂﬁ]LoﬁnﬂCRhEZEthnguucontﬂnar¢939n|bm abdurelet 50 [err]
(POR 39,1 o209 A2l afevRacBRLAOTURY LRed Gl Tedmayched o fogause the

degree of n1s et ween uman he ra uni que
primer 227-30 ﬁ@éumﬂkﬁéwﬁ‘SSPhéﬁP§€rFﬂé%n€}°ﬁf(hﬂh@htlﬁQS(GW{eﬁ¥§Wemas used

for the 7 cm) equilibrated with 10 mM Tris-HCl, pH 8, and this
was followed by washing of the column with 2.5 L 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-HCl, pH 8 was pumped in reverse |
direction through the column at about 200 ml/h.
Fractions of about 12 ml-were collected and anaiyzed 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. Fractions 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 Scrl~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



first three cycles; afterward annealing was at 55[err]. A 25 prom nent
band of the sane size (about 590 bp) as the rat honol ogue appeared, and was
further anplified by dilution of a small portion of PCR 39.1 preduct and
PCR with the sane priners (PCR 41.1). Because nore than one band was
observed in the products of PCR 41.1, further 30 PCR with nested internal
primers was performed in order to deLequne at least a portion of its
sequence before cloning. After 23 cycles of PCRwith priners 231-27 and
227-29 (PCR 51.2), a single, intense band was. apparent. Asymmetric PCRs
Wth primers 2Z6uA@ &Rdt3%8hé3malér ball mmmmmgamfddmmﬁo:presence of

;[ Efohgﬂznefgeg“%ﬁﬁ\% c?gﬁgﬁgsg%ggﬁggfbgw E)?h'(?a’r% W aaft;l é!ﬁ/ %%%c??rb%ﬁ for t he
rat SCF 1-162 R@‘ tasgietesminabesnino: & odboseguerdA from i ndi vi dual
bacterial cl on%t\a@ gggegggd by gge Wﬂd div?!ﬁﬁ-i(ytﬂ?tJWEn@i& SEoning
of the Hurran Stem Cel | tor

the Met encoded by the 1n1t1atlon codon.

By procedures comparable to those outlined for
human SCF}~164 expressed in E. coli, rat scrl-164 (also
present in insoluble form inside the cell after
fermention) can be recovered in a purified state with

10 high biological specific activity. Similarly, human
scrl=183 and rat scrl™193 can be recovered. The rat
SCF1“193, during folding/oxidation, tends to form more
variously oxidized species, and the unwanted species are
more difficult to remove chromatographically. !

15 _ The rat sCF17193 and human scrl=183 are 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-
BCl (e.g. 6 M during sélubilization and 1.25 M during
folding/oxidation) and sodium N-lauroyl sarcosine can be

30 wutilized effectively. Upon removal of the agents after
folding/oxidation, purified 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 prefe:red embodiment,
other conditions can be utilized with equal or nearly



A PCR7 probe made from PCR anplification of cDNA see Figure 13B, was used
to screen a library 10 containing human genom ¢ sequences. A ri boprobe
conpl ementary to a portion of hunman SCF cDNA, 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 anplified with priners 227-29 and_2g2y7430. The resulting 590 bp
fragnent was eluted froman agarose gel and ‘reanplified with the sane
primers (PCR 58.1). The product of PCR 58.1 was diluted 1000-fold in a 50

/[Aﬁr] {ﬁaCt hgntéﬁxﬁ%ﬁ; @ﬁﬂ&@&%fszﬁﬁtxm??@' lfBltreéxEﬁ\blaq th@ cycI €s.
er e addition o o] o the reactio

conti nued for %SEyEFeE9a dﬁtm%né; %§}Wﬁﬁﬂ &9k & ggtﬂéglﬁﬂﬁed and
the reaction vopuas 0n2rnnseﬂ1dnzew dlartdtdhe,h@erP@RmMaglacathived for 15
cycles. The re op . Rradu t 20Q- f0 in a 50 [err]
reaction, 20 pn@?%é fgzlg% §%§ dé‘gogﬁn%éedé g’%' %g %3h\glxere added,” and PCR

was perforneﬂ f 2rm@Ecaptbethanohg meQﬁhﬁ;ﬂhhnyltsmpeﬁatsreleb 48[err] in

reaction 96.1. To producer3ZBalebebecSUte arﬁ%ut%@rggmbt peBRedlFsar 1O
t hose used to make PCR1 80 were used wt | oW ng exc ptlons In a
reaction described, other procedures whxch are useful in

recovery of SCFs in a purified 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 affinityuchromatography [e.g., the use
of chelating-Sepharose (Pharmacia) charged with cu?*t

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 open reading frame encoding by amino
acids 1-248 in Figure 42, or corresponding to the open

25 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 E. coli
and recovered in purified form by procedures similar to
those descrxbed 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. '



volume of 50 [err], PCR 96.1 was diluted 100-fold; 5 pnoles of 231-27 was.
used as the sole priner; and 45 cycles of PCR were perfornmed with
denaturation at 94[err] for 1 mnute, annealing at 48[ err] for 2 mnutes
and elongation 35 at 72[err] for 2 m nutes. - 69 - The riboprobe,
ri boprobe 1, was a [err] | abelled single-stranded RNA conpl enmentary to
nucl eoti des 2-436 of the hSCF DNA sequéA@e~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 H ndlll and EcoRl and cloned into the

pol yl i nker of the plasmd vector pGEN%x%¥? , Madi son, Wsconsin). The
reconbi nant pGEMB: hSCF pRagoint i At WeSF t fussm | Mamewe l izad ¢l Xl gestion with
Hndlll. 10 32P-1abeled riboprobe 1 was prepared fromthe linearized

plasm d DNA by runoff transcription with T7 RNA pol ynerase according to the
i nstructions pRevi §edmpotRtéongef THE CebbsiRreduciner§dR contai ned-250 ng
of linearizgd plasmd DNA and 20 [err] [err]-rCTP (catal og

Recombinant Chinese 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 SCF1™162, fThe fermentor system

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 Ham's F-12
nutrient mixture in a 1:1 proportion {GIBCO),

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 102 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 phosphate 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 consumption. The glucose concentration
was maintained at approximately 2.0 g/L.: After four

30 days, the reactor was perfused with six volumes of
serum-free medium to remove most of the serum (protein
concentration <50 ug/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 %



15 #NEG 008H, New Engl and Nucl ear (NEN) with no additional unlabel ed CTP
The human genomic library was obtained from Stratagene (La Jolla, CA
catal og #:946203). The library was constructed in the bacteriophage Lanbda
20 Fix Il vector using DNA prepared froma Caucasi an mal e placenta. The
i brary, as characterized by the supplier, contained [err] primary plaques
"with an average insert size greater thf? 15 kb. Approximately 106
bact eri ophage were plated as descri bed % Mani atis, 25 et al. [supra
(1982)]. The plaques were transferred to Cene Screen Plus[err] filters (22
[err]; NEN Du enﬁ)bgcsaé% %éot»;;@ecd)rcrtl%@olrataom Zhe FROUbIGkYrer. Two
fllter transfers we ers were
prehybri di zed PHYSXSSEB§Oma60t91“ﬁ¢%h39hqg Gbam 36%i of eicr sRSUSALIOD) 1%

SDS at 60C. Thpyf shp Euém@@wnaymudlﬁﬁ% b&y ESSBSGK§§§55$°{‘KSDST§Q' ution
cont ai ni ng [er&lP—la el ed PCR 7 grobe 05 c ybridized for 20

h at 62C. The FPPPEFELHEPWRASRRLNTAL w*s%s fof+16 h at 62C. 35 A
bact eri ophage pl ug was rAppvedihas@nyuusuwmatetsaonle&eumhtebecorresponded
to rad'oaCt'Vech83§18ned medium was generated from the above system
and was used as starting material for the purification
of recombinant human ScFl-162,

' Approximately 589 liters of serum-free
10 conditioned medium was also generated in similar fashion

but using strain CHO pDSRa2 rSCF17162 ang used as

starting material for purification of rat scrl~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 pDSRs2 rat scrl=162 54
performed in Section A above, was clarified by

filtration thru 0.45 u» Sartocapsules (Sartorius).

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
handliﬁg 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 ft? total
membrane area; pump rate ~2,200 ml/min and filtration
rate -750 ml/min). Diafiltration/ﬁuffer exchange in

35 preparation for anion exchange chromatography was then
accomplished by adding 1000 ml of 10 mM Tris-HCl, pH



- 70 - autoradiograns and rescreened with probe PCR 7 and ri boprobe 1. The
rescreen w.th PCR 7 probe was perforned using conditions simlar to those
used in the initial screen. The rescreen with riboprobe 1 was 5 perforned
as follows: the filters were prehybridized in 6XSSC, 1% SDS and hybri di zed
at 62[err] for 18 hin 0.25 M[err], (pH 7.5), 0.25 M NaC, 0.001 M EDTA,
15% formam de , 7% SDS and ri boprobe-.atjgecr] cpmm . Jhe filters were
washed in 6XSSC, 1% SDS for 30 min at 62[err] 10 followed by 1XSSC, 1%
SDS for 30 mn at 62[err]. DNA from positive clones was digested with
restriction englonegl easestiancdhceSprdtey Ssddnount ddel dgstd t50® hmYy agnent s

brobe POR 7.t R T Sl B T N U AR R v ARRR S it AP s
40 to 176 and te¢peatinmethis depadditibral ttigme¥LCC Traeposit #40681). To
coroened wih T Eoarohat SRR E%f’?‘;,a%i%e% el BTy e
library was? scheepeered in a 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..lg,
16 248-254 (1976)] with bovine serum albumin as standard,
were in the range 70-90 ug/ml. The total volume of
conditioned medium utilized for this preparation was
about 589 L. ' ' '

15 2. Q-Sepharose Fast Fiow 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 HCl. 2000 ml of 10 mM

20 Tris-HCl, pH 6.7 was used to bring conductivity to about
0.700 mmho. The preparation was applied to 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.

25 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-HCI,

30 20 um 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 wM CuSO,, pH 6.7 buffer; 40 L total
volume) was applied. Fractions of about 490 ml were
collected at a flow rate of about 3,250 ml/h. The

35 chromatogram is shown in Figure 36. "MC/9 cpm" refers

to biological activity in the MC/9 assay; 5 pl from the



in a manner simlar to that done previously with the foll ow ng-exceptions:
the hybridization with probe 235-29 was done at 37[err] and the washes for
this hybridization were for 1 h at 37[err] and 1 h at 44[err]. 25 Positive
cl ones were rescreened with riboprobe 2, riboprobe 3 and ol igonucl eoti de
probes 235-29 and 236-31. Ri boprobes 2 gyl 3 were. made using a protoco
simlar to that used to produce riboprobe 1,7 with the foll ow ng exceptions:
(a) the reconbi nant pGEMB: hSCF 30 plasm d DNA.was |inearized with

restriction endojdidfas® fRaddidds kapr abeagkdor Biubtesi kepneeed and (b)
the SP6 RNA pol yner ase

P d { th boprobe 3. Fi
184 shows. the. SHABOVHIR A % AfRREa 3 ATNRAGBRE A ORR 10 s
figure, the |inie driean Bigyuate & e ttupllogplceieacswheyr wgisoﬂe(tfedumhmrgenom C

DNA - 71 - EHH%%E!ﬁ% ond'€ gaps in the line indicate regions that have
not been sequence e rge boxes represent exons for coding regions of
the SCF geneewth the

3. Chromatography Using Silica-Bound Hydrocarbon Resin:
Fractions 44-66 from the run shown in '

Figure 36 were combined (11,200 ml1) 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 C4; 7 x 8 cm) equilibrated with buffer A
(10 mM Tris pH 6.7/20% ethanol). After sample
.application the.colump 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 bioclogical
assay. These various fractions were assayed by the MC/9
assay (5 ul aliguots 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 aliquets 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 ul
sample treatment buffer (reducing, i.e., with

30 2—mercaptoethandl) and boiled for S 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 corresponding fractions collected during

35 applicétion of the last part of the gradient. The gels
were silver-stained (Morrissey, Anal. Bioch. 117,
307-310 (19%81)].



correspondi ng encoded am no aci ds indicated above each 5 box. The
sequence of the human SCF gene is shown in Figure 15B. The sequence of .
human SCF cDNA obt ai ned PCR techni ques is shown in Figure 15C. F. Sequence
of the Human SCF cDNA 5' Region 10 Sequenci ng of products from PCRs prined
by two gene-specific primers reveal s the sequence of the region pbounded by
the 3' ends of the two primers. One-siLdgdgPCRs, as indicated in Exanple 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. Fir st

strand CDNA wasg pr e néieahppbytﬁmmzﬁrmaxmah@a@hbbaa@%
cell .-I'ine 5637 20 ng ot1 de

as priner, as described. |ﬁrE§5 3t '
residues, foll opeguby QmewsrdeﬂoEIEHeuansd|mmmn omhnspbglpmmmeﬁilﬂaﬁﬂaln|ng

Vil oDNA fraghte 268 SuPghbee BErE (EHUERET, RE FRihess e’ A sl
anount of sefueccoecentoakdonen ®he diluted pool was then applied to a
Q-Sepharose Fast Flow anion exchange column (3.2 x 3 cm,
Pharmacia Q~Sepharose Fast Flow resin) which had been
equilibratd with the 10 mM Tris-HCl, 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$-200 HR Gel Filtration Chromatography
Practions containing eluted protein from the
salt wash of the Q-Sepharose Fast Flow anion exchange
20 column were pooled (31 ml). 30 ml was applied to a
Sephacryl S$-200 HR (Pharmacia) ggi 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
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obtained from PCR anplification of products of second strand synthesis
primed by oligonucl eotide 228-28. The 30 untailed 5637 first strand cDNA
descri bed above (about 50 ng) and 2 pnol .of 228-28 were incubated with

Kl enow pol ynerase and 0.5 nM each of dATP, dCTP, dGIP and dTTP at
©10-12[err] for 30 mnutes in 10 [err] of IxN ck-translation buffer
[Maniatis et al., Mdlecular doning, a Laboratory 35 Manual, Cold Spring
Har bor Laboratory (1982)]. AnplificarFUﬂ of the resulting cDNA by
sequenti al one- - 72 - sided PCRs with prinmer 228-29 in conbination with
nested SCF prijrers (] rder of use: 235 233-.14., 236-31 and finally
235-29) vyi el deﬁ%ﬁp*gxsorb?%%u%tswm é% \%’?{fecﬁuép’g)fe"a?% %" smears on -
agarose gels. Significant 5 enrichnment of SCF-rel ated cDNA fragnents was

i ndi cated by the increasing intensity ofagipesgpecific product band observed
when conpar abl e vol unes of the successive one- sided PCR products were
anplified wwth two SCF priners (227-29 and 235-29, for exanple, yielding a

product of §10 abogimidd & PurifAchersnt s Mans£)iaat EpResded Rat i stpltakbi ze

Total.
Step Volume{ml) Protein (mq)*
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
scFl=162 jg the product of proteolytic
processing/cleavage between the residues indicated as
numbers (-1) (Thr) and (+1) (Gln) in Figure 1l4C.

25 similarly, purified human scF1"162 from transfected CHO
cell conditioned medium (below) has N-terminal amino
acid sequence Glu-Gly-Tle, indicating that it is the
product of processiné/cleavage between residues
indicated as numbers (-1) (Thr) and (+1f (Glu) in

30 Figure 15C.

Using the above-described protocol will yield
purified human SCF protein, either recombinant forms
expressed in CHO cells or naturally derived.

Additional purification methods that are of

35 utility in the purification of mammalian cell derived
recombinant SCFs include those outlined in Examples 1



range of products by punching out portions of the agarose gel snears and
reanplifying by PCR in nost cases failed to yield a well-defined band which
cont ai ned SCF- rel ated sequences. 15 One reaction, PCR 16.17,
whi ch contained only the 235-29 priner, gave rise to a band which
apparently arose fromprimng by 235-2 %t an unknown site 5 of the coding
region in addition to the expected sit as-shown by mapping with the
restriction enzymes Pvull and 20 Pstl and PCR anal ysis with nested

primers. This _proqyct S l~p %ﬁ{ﬂ% fd 235- 29,
and sequenci ng &asqgtt§W% o%%gr Hﬁhﬂéggggﬁg% eox ot ﬁ%%niglﬁié§ein

32P-1 abel | ed ptihee@rxas- 30 The resul tjing sequence mas t he baS|s for the
desi gn of oligonucleoti dgtpar £o¢md 6Elﬂ&kﬁ£n1§@ @&515&51&9 @'érsfied

priner was used in subsequent PCRs in co nbi nat i on mnt directed
primers, bands95f Ratd Sfpddec@ren; £edgi v obf 2N cNCied BY RRERP %%h@§n0|ng
of such PCRspr qdipafss stcindda mqheetudeSo:’lSQofhé@p@ﬂiazﬂé b ah@uaeenSCF

end of t he. noor SadRad it ancadra: B ReerpRt ur B se LRSS R dhe, AR
(about 300 ng)Uhaﬂumay1éiﬁﬂsﬁemchlas that represented by the cDNA
sequenee 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. Mclecular 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 5, neuraminidase and
N-glycanase. Lane 7, N-glycanase. Lane 8, N-glycanase
without substrate. Lane 9, O-glycanase withdut
substrate. Conditions were 10 mM 3-{(3-cholamidopropyl)

35 dimethyl ammoniol-1- propane sulfonate (CHAPS), 66.6 mM

‘2-mercaptoethanol, 0.04% (wt/vol) sodium azide,

phosphate buffered saline, for 30 min at 37°C, followed



primer (2 prmol of 233-14) in a 16 uL reaction containing 35 0.2 U MWLV
reverse transcriptase (purchased from BRL) and 500 uM each dNTP. After

st andard phenol - chl or of orm -73- and chl orof orm extracti ons and et hanol
precipitation (from 1l M ammoni um acetate) steps, the nucleic acids were
resuspended in 20 uL of water, placed in a boiling water bath for 5

m nutes, then cooled and tailed with 5 14%Mindl transferase in the :
presence of 8 uMdATP in a [err]-containing buffer [Deng and Wi, Methods in
Enzynol ogy, 10 ...96-103] .. T rodu -tailed first-strand cDNA
was purified bgypﬁ§ﬁ8g9§ﬁg8r8F0E§%gx$?a§%ﬁsgg§%g é?ﬂﬁ%BFrﬁgéBP%ifﬁtion and
resuspended i nptesepeeubfofjlycosidases, £pH 380h ahd31°GM EDTA. Enri chment

and anplificat : SCE~ A€ ' ot bout 20
hg of the (dA)ggpf i R4FRg e EronChIEACOBEL Be? 1ERAERENNED: SuppOIRAOL

26 cycles of oR¥- §rdbdorbrMleraspefelr AEdOrA UPAES(Bl fie3dnce of
SCF-speci fi g peoReen2z@tibnandoaGlicARAser (BehlPhell ¥habsatpRhanli ng (dT)n
sequences at Ogcg%%ﬁ ggiactosaminidase) 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 pfotéins (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 glycosidaées 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 carbohydrates (Lambin et al.,
Biochem. Soc. Trans. 12, 599-600 (1984)], suggest
that: both N-linked and O-linked carbohydrates 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 o
polypeptide, with the heterogeneity being caused mainly
by heterogeneity in glycosylation.



3" end, for instance prinmer 221-12 or a mxture of prinmers 220-3, 220-7,
and 220-11 (Figure 12C). The products (1 [err]) of these PCRs were then
anplified in a 20 second set of PCRs containing primers 221-12 and 235-29.
A maj or 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 Pas{ed oplpette and 25 transferred to a
small mcrofuge tube. 10 uL of water was added and the plug was nelted in

an 84[err] heating block. A PCR contaj h@& rysrers 221-12 and 235-29 (8
prnol each) in 40 uL was inocul ated mf%% u@ %?E di luted ge

. t he nfl ?,
plug. After 15 cycles, Zrepaghtion30f Ri¢¢omisindahdSCF aig BRGmately 370 bp
was Vi si bl e upon agarose gel analysis. -Asymetric PCRs were perfornmed to

generate top and bottom strand Zggg@ncing,te | ates: for each reaction, 4
uL of PCR reaction produd@ta8§F

0" pnol PY¥Fieiehef IR | FeFeconbinant primer
235-29 in as35 §,0lcyl if e3@redR ival 49Bton dOCrdiNg €o SHRaREied §R Zagcycl es
of PCR (1 n?nL“f%,Tﬁgzﬂd-éd %% %%gggggé 3§£§£{;i for polyethylene
glycol modification described below. _
Methoxypolyethylene glycol-succinimidyi
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 scF1~164 in 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 50 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, s;erilized 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 ScFl~164  gnreacted
rat SCF1164, representing 11.8% of the total protein in

35 the reaction mixture, was eluted in fractions number 34
to 37. Under similar chromatographic conditions,



- 74 - 40 seconds, 72C). Direct sequencing of the 221-12 prinmed PCR product
m xtures (after the standard extractions and ethanol precipitation) with
[err]P-labelled prinmer 262-13 (Figure 12B) yielded the 5 sequence fromb5
nucl eotide 1 to 179 (Figure 15C). G Anplification and Sequenci ng of Human
Genomic DNA at the Site of the First Coding Exon of the Stem Cell Factor 10
Screening of a human genomic library with SCF oligonucl eotide probes failed
to reveal any clones containing the knowhl portion of the first coding exon.
An attenpt was then initiated to use a one-sided PCR 15 technique to

anplify and cl one genom ¢ seq sur roundi this_exon. Pringer extension

of heat-denatur‘ﬂﬂ“ﬂ%ﬁe%%{%#% DNA (“ﬁfrc?hélsr%(%g Plso% 8R4RA) PRA }Séi or ned

wi t h DNA pol ynex asetént kbenovlwmez \ofe 49 .6 gd f Figuset 40BQ Fractions

Boehri nger - Man ] ' 045 ' 28-28 or 221-11 under
(ﬂf@vﬁg% u7) o B 01 Foutd W Pt ade

non-stringent ure) conditions, as 12C, to favor primng
at a very |argdithydeexyuerifniide, & hysproduct, efcthenreastipanot

5 rat SCF1™164 yith ss-MPEG.

Potentially reactive amino groups in rat
scF~164 jpcilude 12 lysine residues and the alpha amino
group of the N-terminal glutamine residue. Pooled
fraction PEG-25 contained 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 SCF1‘164_

15 contained 13.7 mol of reactive amino groups per mol of
protein, respectively. Thus, an.average of 3.3 (13.7
minus 10.4) amino groups of rat scpl-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 g pooled fraction PEG-25 were modified.
Human SCF (hSCF1'164) produced as in Example 10 was also
modified using the procedures noted above.
Specifically, 714 mg (38.5 umol) hScrl~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
CaCl, and MgCl,) 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



diluted five-fold into Tagl DNA pol ynerase buffer 25 containing Taql

pol ynerase and 100 uM of each dNTP, and el ongation of DNA strands was
allowed to proceed at 72[err] for 10 minutes. The product was then enriched
for stemcell factor first exon sequences by PCR in the presence of an SCF
first exon oligonucleotide (such as 254- 9) and 30 the appropriate non- SCF
primer (228-29 or 221-11). Agarose gél l@2ectrophoresis reveal ed that nost
of the products were short (less than 300 bp). To enrich for |onger
species, the portion of each agarose g§%¥%€€e orresponding to length
greater than 300 bp was cut out 35 an horetically eluted. After

et hanol precipitati onS@RdReespspenExpnessiomten , Lédlcemind Blasts5 - purified
PCR products were cloned into a derivative of pGEMA containing an Sfil site
as a Hindlll to Sfil fragnment. Colonies were screened with a 32P—Iabe||ed

" SCF 5 first exon oligonkgpkemigeblastgevere poatvesked of wom cthewr e

Identified gndpkhepheddeneesoll othg pAELEAE WL a mixed lineage
leukemia. The cells were purified by density gradient
centrifugation and adherence depletion. Human scrpl-164
was iodinated according to the protocel in Example 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 apﬁroximately 70,000 receptors/cell.

15 : EXAMPLE 14
Rat SCF Activity on Early Lymphoid Precursors

The ability of recombinant rat scrl—164
(rrSCFL™164), 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 rrSCFl™164 alone contained
monocytes, neutrophils, and blast cells, while the
colonies stimulated by IL-7 alone or in combinatién with
25 rrScFl~164 contained primarily pre-B cells. Pre-B
cells, characterized as B220%, 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 Biotechnology 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 (rhlIL-7) was obtained
35 from Biosource International (Westlake Village, CA).
when rrSCF1~164 was added in combination with the pre-B




obt ai ned by the Sanger nethod. The resulting sequence, which extends
downstreamfromthe first exon through a consensus exon-intron boundary
into the neighboring 10 intron, is shown in Figure 15B. H Amplification
and Sequenci ng of SCF cDNA Codi ng Regi ons from Muse, Mnkey and Dog 15
First strand cDNA was prepared fromtotal RNA or poly A+ RNA from nonkey
l'iver (purchased from dontech) and frqmsthe cell lines N H 3T3 (nouse,
ATCC CRL 1658), and D17 (dog, ATCC CCL 183). "'The priner used in first
strand cDNA synthesis was either the 20 nonspecific primer 228-28 or an
SCthrlﬁer (ggéeag g%%%th9fa333E2QL 230a2§yﬁér§¥Htfa xﬁﬁIéaggg%ﬁggatiord ;
with priner and. one 0 t he pr nmer s i el de
a fragnment of e S @Qb% 4P ¥{Ri 8 sﬁégeg éﬂ%%%%gﬁé?thb?éﬂF?EtP9yXor
after clonlng|sﬂnmmlﬁtdv39r&leroﬁ pEEEP et ronAddllydmatehbquences near
the 5 end of %ﬁﬁ GIP¥As were obt ai ned from PCR anplifications utilizing
an SCF-speci fi pﬁ I'n ‘conbination with either 254-9 or 228-29.

Addi ti onal §equences at the 3 30 end of the SCF coding regions were
obtai ned after PCR anplification of 230-25 prinmed cDNA (in the case of

. Table 16. Stimulation of Pre-B Cell Colony Formatlon by
rrScFl~164 in combination with hIL-7

10 Growth Factors Colony Number?
Saline ) 0
rrscrl=164 200 ng . ' 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 rhIL-7 200 ng + rrSCF1~164 200 ng 60 + O
100 ng + 200 ng 48 + 8
50 ng + 200 ng 24 = 10
25 ng + 200 ng 21 % 2

25' 1 Number of colonies per 5 x 104 mouse bone
marrow cells plated.

Each value is the mean of triplicate dishes % SD..

30
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nouse) or 241-6 primed cDNA (in the case of nonkey) with either 230-25 or
241-6, as appropriate, and a 3' directed SCF prinmer. No SCF PCR product
bands were 35 obtained in simlar attenpts to anplify D17 cDNA. The
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-PTRe&wrth 3' directed SCF primers such
as 227-29 or 225-31 in conbination with 228-29. The product m xture 5 was
cut with Sfil and cloned into a derivative of :pGEMA (Promega, Madison,

W sconsin) containing an Sfil site as BHME4E 4% blunt end fragnent. The
resul ting heterogeneous {d&neiFivasiss efnde Hddeptad Eoabeldred 237-20, and
several positive clones were sequenced, I0 vyieldi ng dog SCF 3' end
sequences. The aligned am no acid sequences of _h n (Figure 42), nonkey,
dog, nouse and Aat seFihaiﬂrEhprneeémmarﬁoslﬁﬂﬂ}"mFi gure 16. The known

SCF am no aqid sequences are highly honol ogous throughout much of their
| engt h. 1denti cal

To test whether SCF1™184 js the ligand for
c~kit, the cDNA for the entire murine c-kit [Qiu et al.,
EMBO J., 7, 1003-1011 (1988)] was amplified using PCR
from the SCF1~164 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 techniques

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
expréssion vector V19.8 transfected into COS-1 cells,
and membrane fractions prepared for binding assays using

20 either rat or human 125y_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 125I human SCF1~164 o
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
1251 _nscrl~164 (pable 17). The addition of a 200 fold
molar excess of unlabelléd human SCF17184 redyced
binding to background levels. Similarly,’COS-1 cells

30 transfected with the full length murine c-kit (mckit-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




15 consensus signal peptide sequences are present i-n the coding regions of
all five species. The am no acid expected to be at the am no term nus of
the mature protein by analogy with the rat SCF is designated by the nuneral
1 inthis figure. The dog cDNA sequence 20 contains an anbi guity which
results in a valine/leucine anbiguity in the am no acid sequence at codon
129. The human, nonkey, rat and nouse L no aci d sequences co- align

wi t hout any insertions or deIetions.’Tﬁg%dbg sequence has a single extra
resi due at position 130 as 25 conpared to the other species. Human and

nonkey differ gtkgglg %@%s%q%ltIOﬁ alad? 8&y&%lﬁé nghgcs agﬁi Qk;ne

(human) by al ani né “( monk at position The
i mredi at el y bebotd aumaaf aad me ipet ki prbédss Hgagl ﬁeéﬁF

i s highly 30 B@%%F%&%% Qﬁkﬂﬁe%c%ﬁ%§k§st05%ﬁ¥?h5 é- E&Er?%ibﬁﬁ 9%7).

Reconbi nant Rat Foi transi eqt ,@x4pr essi on
in COS-1 ceIISTPAﬁcéaGRL1f65@Pshﬂ59HGrWWEQ sheeRaiseanzef 868 aining the

rat 5 cross-reactivity between species. . Rat scrl=164 jpduces
proliferation of human bone marrow with a specific
activity similar to that of human scrl=164, yhile human
scrl-164 induced proliferation of murine mast cells

occurs with a specific actiiity 800 fold less than the
10 rat protein. '

e 164

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. Scrl-=164 Binding to Recombinant c-kit
Expressed in COS-1 Cells.

CPM Bound?
Plasmid Human SCFl-164 Rat scrpl-164

Transfected  1251-sCF® 1257.screco1d® 1291-scrd 1251 screco1q®

25 v19.8- 2,160 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 2 The average of duplicate measurements is shown; the experiment

has been independently performed with similar results three times.
b 1.6 oM human 1251_gcrl-164

€ 1.6 nM human 1ZSI-SCFl'IS_f" + 320 nM unlabei1ed human SCF1-164
d 1.6 M rat 1257.scl-164
35 € 1.6 M rat 1251-scFl-164 + 320 M unlabelled rat scrl-164



- 77 - [err] and [err] genes was transfected into duplicate 60 mm pl ates
[Wgler et al., Cell, 14, 725-731 (1978)]. The plasm d V19.8 SCF is shown
in Figure 17. As a control; the vector without insert was also 5
transfected. Tissue culture supernatants were harvested at various tine
poi nts post-transfection and assayed for biological activity. Table 4
summarizes the HPP-CFC bi oassay resulls gnd Table 5 summarizes the MJ/9
[err]Hthym di ne uptake data fromtypical transfection 10 experinents.

Bi oassay results of supernatants fromCOS-1 cells transfected with the

fol l owi ng pl asig ds prcdrtioht t~kdkl expteaBdoh: iA Cosennteally-truncat ed
formof rat SCF wwth the CGtermnus at am no acid position 162 (V19.8 rat

[err]) [err] containing.a glutamc 15 acid at position 81 [V19.8 rat [err]
(A u8l)], and-[err] cont &umarg and auarineecakiposDNAopldBesVbere rat

Feact | ong per &%ﬁﬁ%@%ﬁ@#&%‘%ﬁFﬁ’ﬁf‘ﬁe%?-]e-%?mcﬁ 20
‘Exanpl e 3. 3 n@38 dff7 AP I8 N1 E e sotpdr RNAWE SO 13880 BYe @NadE itdwo
clones were fOoWnhdd MR REESIM 6ittattidhi bebiceBareAt CERMCRY SRS drid
Tables 4 and 5’S§g§%i, Anal. Biochem., 162, 156-159, (1987)] from the
human erythroleukemia cell line HEL and MC/9 cells,
respectively. Unique sequence oligonucleotides were
10 designed from the published human and murine c-kit
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
15 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 '
20 (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
25 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
30 sequences. The following plasmids were constructed in
V19.8: V19.8:mckit-LT1, the entire murine c-kit; and
V19.8:hckit~Ll1, containing the ligand binding plus
transmembrane region (amino acids 1-549)'05 human c-kit.
The plasmids were transfected into COS-1 cells
35 essentially as described in Example 4.




reconbi nant rat SCF is active in the bioassays used to purify nat ur al

manmal i an SCF in Exanple 1. 25 30 35 - 78 - Table 4 HPP-CFC Assay of
COS-1 Supernatants fromCells Transfected with Rat SCF DNA 5

Vol une of Col ony Sanpl e CM Assayed ([err])
#/ 200, 000 cells V19.8 (no insert) 100 -

0 50 0 25 0 12

0 10 V19.8 rat [err] - 1Q0 - . >50 50

>50 25 >50 12 ' >50

c. 1257_gcFl-164 Binding to COS-1 Cells Expressing
Recombinant c-kit

Two days after transfection, the COS-1 cells
S were scraped from the dish, washed in PBS, and frozen
until use. After thawing, the cells were resuspended in
10 mM Tris-ECl, 1 mM MgCl, containing 1 mM PMSF,
100 ug/ml aprotinin, 25 wg/ml leupeptin, 2 ug/ml
pepstatin, and 200 ug/ml TLCK-HCl. The suspension was
10 dispersed by pipetting up and down 5 times, incubated on
ice for 15 minutes, and the cells were homogenized with
15-20 strokes of a Dounce homogenizer. sdcrose {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 scrl~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 (1 .6nM) with or without a 200 fold molar
excess of unlabelled SCF1~164 ip binding buffér '
consisting of RPMI supplemented with 1% bovine serum
" albumin and 50 mM HEPES (pE 7.4) for 1 h at 22°C. At
25 the conclusion of the binding incubation, the membrane
preparations were gently layered onto 150 ul of
phthalate oil and centrifuged for 20 minutes in a
Beckman Microfuge 11 to separate membrane bound
1251_gcpl-164 grom free 1251-scrl=164, che pellets were
30 clipped off and membrane associated 1251.g¢crl-164 yas
quantitated.

35



6 30 3 8 15 V19.8 rat [err]
50

100 26 (d u8l)
10 25 2 12 0 V19.8 rat [err]
100 41 20 (Al al19) 50
18 12 ' 06 . 03
0 25 30 35 - 79 - Table 5 N(YQ[erL]h%1hyn1d|ne Upt ake Assay of COS-1
Supernatants from Cells Transfected with Rat "SCF DNA Sanpl e Vol une of
CM Assayed ([err]): cpm .

. EXAMPLE 16

Isoclation of a Human SCF cDNA

A. Construction of the HT-1080 cDNA Library

Total RNA was isolated from human fibrosarcoma
cell line HT-1080 (ATCC CCL 121) by the acid guanidinium
thiocyanate-phenol-chloroform extraction method .
[Chomczynski et al., Anal. Biochem. 162, 156 (1987)],

10 and poly(A) RNA was recovered by using oligo(dT) spin
column purchased from Clontech. Double-stranded cDNA
was prepared from 2 uyg 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 Sall/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 105 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, 7, 514-519 (1989)]. Two
micrograms of each plasmid DNA pool was digested with
30 restriction enzyme Notl and separated by gel
- electrophoresis. Linearized DNA was transferred onto
GeneScreen Plus membrane (DuPont) and hybridized with
32p-)abeled 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




5 v19.8(no insert) 25 1,936 12

2,252 6 2,182 3 , - 1, 682
v19.8 [err] .25 | 11, 648 12 |

11, 322 '10 6 '11. 482 3
9,638 v19.8 [err] (G usl) 25 6,220 12

5,384 6 3,692 3 1,980 15
v19.8 [err] (Al al9) 25 =129 - g 396 12

6, 646 6 4,566 3 3, 182

recom P upRlds PR  2h0LR, EIS B LELELdnileyidually 1o @
proliferation oéSnoeﬁabdbbnethar¢QW$nxﬂhbexdia@ﬁeoaapaoaedushowmnnﬂ'Table

o Reslets [orefTmLl, suuRenak anaeLISONT Ciyday Pt 1daws sl Woapalect ] on
with V19.8 [err ngThati on w th ot Her factors aré al so sh wn in
was obtaxned from each pool. The cDNA sizes of these
S three isolated clones are between 5.0 to 5.4 kb.
Restriction enzyme digestions and nucleotide sequence
deiermination at the S' end indicate that two out of the
three clones are identical (10-la and 21-7a). They both
contain the coding region and approximately 200bp of S°
10 untranslated region (S'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 particylar 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 pDSRa2 hscrl=248

pDSRa2 nscrl~248 yas generated using plasmids
20 10-la (as described in Example 16B) and pGEM3 hscpl=164
as- follows: The HindIII insert from DPGEM3 hscri-164 ag
transferred to M13mpl8. The nucleotides immediately
-upstream of the ATG initiation codon were changed by
site directed mutagenesis from tttccttATG to
2S5 gccgecgcecATG using the antisense oligonucleotide
| 5'~PCT TCT TCA TGG CGG CGG CAA GCT T 3°
and the oligonucleotide-directed in vitro
mutagenesis system kit and protocols from Amersham Corp.
_ to generate M13mpl8 hscrK1~164  chis DNA was digested
30 with HindII1I and inserted into pDSRa2 which had been
digested with HindIII. This clone is designated pDSRa2
nscrK1-164 pnNa from pDSRa2 hscpK1-164 ag digested
with XbaI and the DRA made blunt ended by the addition
of Klendw enzyme and four dNTPs. Following termination
35 of this reaction the DNA was further digested with thé
enzyme Spel. Clone 10-la was digested with Dral to



Tabl e 6. Col ony nunbers are the average of triplicate cultures. The

reconbi nant rat SCF has primarily a synergistic activity on normal human
bone marrow in the 30 CFU-GM assay. In the experinent in Table 6, SCF
synergi zed wi th human G\t CSF, human IL-3, and human CSF-1. |In other assays,
synergy was observed with G CSF al so. There was sone proliferation of human
bone marrow after 14 days wth rat SCR3ghowever, the clusters were conposed
of <40 cells. Simlar results were obtained with natural nmanmalian-derived
SCF. - 80 - Table 6 Human CFU- GM Assay of COS-1 Supernatants from Cel’ls

Transfect ed widdhdidtSE B endargyl @0 the open reading frame in the
(C):oIG'(\)/[])C/:Sﬁ/ 100, Oionosecz?é la?né [v?irtrtl %%'\QI %%li'éﬁe cuts at the same inté %;hin

24 [err] 1 |L-the gene in both pDSRa2 hSCFK1~164 ang 10-la.” These 1

DNAs were ligated together to generate pDSRa2
§ hscrKl-248,

D. Transfection and immunoprecipitation of COS cells
with pDSRa2 hscr¥1-248 pya.

10 - COS-7 (ATCC CRL 1651) cells were transfected
with DNA constructed as described above. 4x10% cells in
0.8 ml DMEM + 5% FBS were electroporated at 1600 V with
either 10 wg 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 complete
medium. .
72 hrs after transfection, each dish was
labelled-with 35g-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 was removed and
1 ml met cys  DMEM containing 100 uCi/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 hscrK1-248 ah4 COS/pDSRa2 vector control were
immunoprecipitated along with medium samples of
35g-1abelled CHO/pDSRa2 hSCF1164 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



10 CSF- 1 O [err] O G\ CSF

+ [err] 29 [err] 6 GCSF + [err]

20 [err] 1 15 IL-3 + [err] 11 [err]
1 CSF-1 + [err] 4 [err] 0 20 25 30 35
- 81 - EXAMPLE 5 Expression of Reconbi nant SCF in Chi nese Hanster Ovary
Cells 5 This exanpl e rel ates3ro-a stable mammal i an expression

system for secretion of SCF from CHO cel | s (ATCC CCL 61 selected for
DHFR-). A. Reconbi nant Rat "SCF 10
were incubated for 5 h. at 4°C. One hundred microliters

of a 10% suspension of Staphylococcus aureus (Pansorbin,
Calbiochem.) in 0.15 M NaCl, 20 mM Tris pH 7.5, 0.2%
Triton X-100 was added to each tube. Samples were
S incubated for an additional one hour at 4°C. Immune
complexes were pelleted by centrifugation at 13,000 x g
" for 5 min. Supernatants were transferred to new tubes
and incubated with 5 ul rabbit polyclonal antiserum
(#1381 TB4), purified as in éxample 11, against CHO
10 derived hScFl=162 gyernight at 4°C. 100 ul 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 -
pE 8), 3x with wash buffer (0.5 M NaCl, 20 mM Tris
15 pH 7.5, 0.2% Triton X-100), and 1lx with 20 mM Tris
PH 7.5. Pellets were resuspended in S0 ul 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 contalnlng
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 Qel was fixed in
30 methanol-acetic acid, treated with Enlightening enhancer
(NEN) for 30 min., dried, and exposed to Kodak XAR-5
film 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/pSRaZhSCFK1'248, lanes 5 and 6 from CHO/pDSRa2



The expression vector used for SCF production was V19.8 (Figure 17). The
sel ectabl e marker used to establish stable transformants was the gene for
di hydrofol ate reductase in the plasmd pDSVE.|. Plasmd 15 pDSVE. 1
(Figure 18) is a derivative of pDSVE constructed by digestion of pDSVE by
the restriction enzyne Sall and ligation to an oligonucl eotide fragnent
consisting of the two oligonucleotides ?' CGAC CCGGA TCCCC 3' 20

3' G GGCCT AGGGG AGCT 5'. Vector pDSVE g described in comonly owned U. S.
Ser. Nos. 025, 344 and 152, 045 hereby |ncorporated by reference. The vector

portion of V19, POSBVE. !%ax?é’é‘tf" Y | oy &4 raegé: ﬁeMI wadcl uding a

bacterial 25 Co origin o replTcation and T Tesistance gene and
the SV40 origi PeRcCiRrbtakest ohaneshis ‘bveﬁrmhps rhﬂ’&:chﬁerﬂ igeatedanbtbgous

reconbi n?t i on @I&@Qmé@@s%@”@é@é%é@ﬂaw&fesﬁnhé hyalbidirids tend ng
OOl Tt e S0har weight MRS LR e oY A o e of o ¢
of carrier mMuserébd¥ssisngoofi. fherSCF lig 00§ wfandfedteld Wittt gpSRdzen
linearized with fhgxi-248 closely resembles that of hscFl~164 gecreted
- from CHO transfected with pDSRa2 hscri=164,
(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 cell 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. In 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 SCF17162 gerived from CHO cells) in that
the molecular size estimated by gel filtration under
non~denaturing conditions is roughly twice that
estimated by gel filtration under denaturing conditions
(i.e., presence of SDS), or by SDS-PAGE, in each

35 particular case. Furthermore sedimentation vélocity
analysis, which provides an accurate determination of



restriction endonucl ease Pvul and 10 [err] of V19.8 SCF as 35 described
[Wgler et al., supra (1978)]. Colonies were selected based upon
expression of the DHFR gene from - 82 - pDSVE.|. Col onies capable of
growth in the absence of added hypoxanthine and thynidine were picked using
cloning cylinders and expanded as independent cell lines. Cell supernatants
fromindividual cell lines 5 were testgg3ina an MJ 9 3H-thym di ne uptake
assay: Results froma typical experinent are presented in Table 7. Table 7
10 M9 [err]H Thym di ne Upt ake Assay of -Stable CHO Cell Supernatants
From Cel | s Tr aheieegbar Wweight isGoDNA Ol givesf aCoadiud mfecabnansf ect ed
DNA §@¢02g1ég§QM§ﬁecular weight GFNE/1 LA i lfdidilved
52,973 6 fe°°mblna%6 peman SCFL™184,  this yalue is again

approximately twice that seen by SDS-PAGE (-18,000-

5 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.

12

10 : - EXAMPLE 18
Isolation of Human SCF c¢DNA 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'avetage size

of 2 kb was ligated to 300 ng SalI/Notl digested vector

PSPORT 1 [D'Alessio et al., Focus, 12, 47-50 (1990)] and

transformed into DHS5a 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



1.5 7,160 20 None 25

694 12 1,082 6 880 3 672 1
1,354 25 B. Reconbi nant Hunman SCF Expression of SCF in CHO cells was al so
achi eved using the expression vector pDSVR erir]2 which is described in 30
commonly owned Ser. No. 501,904 filed March 29, 1990, hereby |ncorporated
by reference. This vector includes a gedd4for.the selection and
anplification of clones 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
di gested with tnrfetl?%t@fﬁc@?éﬁreheg}wb%lam 3he Fiotechniques: |1gat ed

into the BanHi 514-@51)9 ;CEQ/B)] Tw83:nxcﬂ\§°:érﬁs)mﬂ3qi\& shed dngrest ed
wi th HindllI and Sf\ dad 91 ggteSd L rgs[%rlczt eesr;[zefmewtsomﬁ ndl 11 and

separated by gel electrophoresis. Linearized DNA was

'S transferred to GeneScreen Plus membrane (DuPonﬁ) 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

10 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 Lybridization procedure
[Lin et al., Gene, 44, 201-209 (1986)] until a single

15 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

20 this human cDNA is shown in Figure 44. The c¢DNA 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.

25 EXAMPLE 19
SCF Enhancement of Surviwval
‘After Lethal Irradiation.

A. SCF in vivo activity on Survival After Lethal
30 Irradiation.

The effect of SCF on survival of mice after
lethal irradiation was tested. Mice used were 10.to 12
week-old female Balb/c. Groups of 5 mice were used in
35 all experiments and the mice were matched for body
weight within each experiment. Mice were irradiated at



Sal|. The sane process was repeated for human genes encoding a
COOHterm nus at the amno acid positions 5 162, 164 and 183 of the
sequence shown in Figure 15C and position 248 of the sequences shown in

Figure 42. Established cell lines were challenged with nethotrexate
[ Shinke, in Methods in Enzynol ogy, 151 85-104 (1987)] at 10 nMto increase
expression |l evels of the DHFR gene an 1he adjacent SCF gene. Expression

| evel s of reconbi nant hunan SCF were assayed by radi oi mune assay, as in
Exanpl e 7, and/or induction of colony formation in vitro using human

peripheral bl | e QiR HY SrASSaY ngleP@bkel Nefiae RYW ihefkdted
Exanple 9 (Table 12) except 15 that peripheral blood i s_used instead of
bone narrow arvd thef 3Gt QM3 e s°‘pf§pPFGPﬁ§dPiP52590rF‘ér]'r ]Baé‘%o/[%:Lrﬁ“eand 75%
[err] in the ppsehfecaf1dunah B (FiQ sfteicalsen! nicBeselries ifrjmotedi cal
e e R e
desi gnat ed $Hul$eESCFI5* @20 3@ /Xg), 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-SCF17164 ¢5 the
cell suspehsion 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. Injection of rat PEG-SCF1-164
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 DPEG-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-ScFl~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



- 84 - Table 8 hPBL Col ony Assay of Conditioned Media From Stable CHO Cel

Lines 5 Transfected Wth Human SCF DNA Medi a

Nunmber of Transfected DNA assayed([err]) _ Col oni es/ 105 10
pDSRerr]2 [err] 50 53 25

45 12.5 27 6.25 13 .15 pDSR[err]Z

hSCF[ err] 10 - 136 - .43 5 44
2.5 31 1.25 17 0. 625 21 20
None (CHO control) : 50 4 EXAMPLE 6 Expression

of Reconbi nant g]CF SurB vabldf 2T adhspReaoad manb BaeabE8 whtR sgRnpl e
relates to expression in E col

Doses of 10% femur of normal Balb/c bone
marrow cells transplanted into mice 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% femur to 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 SCP would not survive; if rat PEG~scrl=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 compilaticn of results from 4 separate
exﬁeriments representing 20 mice in both the control and
20 rat PEG-SCF17164 treated mice. At higher doses of
irradiation, treatment of mice with rat PEG-SCFL1~164 jp
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
w1th rat PEG-SCF1~164 gurvived 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
Productidn'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 Scrl~164 expressed from E. coli in complete



of SCF pol ypepti des by nmeans of a DNA sequence encoding [Met[err]] rat
[err] (Figure 14C). Although any 30 suitable vector may be enpl oyed for
protein expression using this DNA the plasm d chosen was pCFML156 (Fi gure
19). This plasmd 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-ebd7f+lling with T4 pol ynerase enzyne
foll owed by blunt end ligation and - 85 - substituting the snall DNA
sequence between the unique Cal and Kpnl restriction sites with the small
“ol i gonucl eot i dresds bad juvamt GI37-Ra; Difco Laboratories,

CGATT TCATTCTAGNGSESVM I CATEI S AN AT KAV YSNECEFT ALY g DE the ,
TAAACTAAGATCTTCCTCCTTATT A,TACCAATTGCGCAACCTTQA.((%C 2 5" Control of protein

expressi on i n 33 AERAISS bR LHFPRLEYS | WHAMHet Y fanbda [err]
pronot er whi chsutssd@uent bgl ddminlstd hed cantda}s 4,88 edpersI Ur eThesegi tive

(A0 90 SREESAREef Lol SUED, PTySc iRV FRAL ferdhhctlEfels TP
and their spleen cells fused with the sp 2/0 myeloma
line according to the procedures described by Nowinski
et al., [Virology 93, 111-116 (1979)].

' The media used for cell culture of sp 2/0 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 streptomycin (Gibco). After cell fusion

15 hybrids were selected in HAT medium, the above medium
containing 107 4M hypoxanthine, 4x10”7M aminopterin and
1.6x1079M 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 SCFl™164 (E. coli) in
S0 pul 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 Péroxidase (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



The pCFML156 vector is constructed.so as to have a DNA sequence cont ai ning
an optim zed ribosone binding site 15 and initiation codon i mediately 3
of the synthetic PL pronoter. A unique Ndel restriction site, which
contains the ATGinitiation codon, precedes a nmulti- restriction site
cloning cluster followed by a | anbda t-oop transcription stop sequence. 20
Plasm d V19.8 SCF1 193 containing the j rgg Lerr]gene cloned from PCR
anplified cDNA (Figure 14C) as described in Exanple 3 was digested with
Bgl Il and Sstll and a 603 bp DNA fragnent isotated. In order to provide a

Vet i“itiati0”%%f§R“G?QHerS§tH Srl38m25s§ﬂQ@m§né0§:é@@duté§t EBEee ami no

aci d residues and | f the 1S5{62 P pt a.s thetlc
oI|gonucleotld@rpﬁﬁkéﬁ°51V1tTﬁ? égé' 3’ ?é%ﬁgﬁﬁcg¥Eﬁ EP%§

with Ndel and Bgtbkl sGbictneanty m@ﬁxﬂhdg.dihettonlmebhogonusseweﬂds anﬁ r at
[err] gene fra nt were inserted by, li i p a .t que
Ndel and Sstllgggfégopﬁ Fﬁgeﬁpégﬁﬁg %ﬁSgﬁa éf% §§Q@%g@e %Sdﬁgfgb this
reaction issansezé‘é§§|qm pleadii)d, 935fpcﬁwm1660sate§etap to human

scri-162 (cHo).
Several hybridoma cells have been cloned as follows:

10 Monoclone IqG Isotype Reactivity to human SCFl'162 (CHO)

4G12-13 IgG1 No
6C9A 1gGl B No
8H7A IgGl - . Yes

15 Hybridomas 4G12-13 and 8H7A were deposited with the ATCC
on September 26, 1990.

20. ' * *x %

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

39 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



- 86 - The pCFML156 rat [err] plasm d was transforned into conpetent FMb E.
coli host cells. Selection for plasmd-containing cells was on the basis of
the antibiotic (kanamnmycin) resistance marker gene 5 carried on the
pCFML156 vector. Plasm d DNA was isolated fromcultured cells and the DNA
sequence of the synthetic oligonucleotide and its junction to the rat SCF
gene confirmed by DNA sequenci nQlEW[EAEENEB84ict the plasmid pCFML156 rat -
SCF1 162 10 encoding the [Met [err]] rat [err] polypeptide, an EcoRl fo
Sstll restriction fragnent was isolated fromV19.8 rat [err] and inserted
by ligation into the plasmd pCFMrat [err] at the unique EcoRl and Sstl|
restriction sitctultiECENY wepldepasg telewitnli AEEQ ogi 86 3Spt smhyert AH90ar boxyl

ter mi nus of L e ralned cﬂgﬂﬁssiﬂo_u‘eQ&%Liycﬁgm}rp?t%whdﬁiB?FMCJCB rat [err]
:

164 and pCFM 156 rat [err| encoding the é}a t % r at %e% "an err] rat
[err] pol ypel idftennesd 8PP vender pugRert If VaE i PSSt 8B wer e

ATCC on 26 September 1990 under number HB 10560, V19.8 was
"deposited with ATCC on 13 October 1989 under number 68124 and
HuGenl-Human SCF was deposited on 13 October 1989 under number
40681. a |

This Sheet Has Been Reﬂlaced




20 isolated fromPCR anplified DNA encoding the 3' end of the SCF gene and
designed to introduce -site directed changes in the DNA in the region
encodi.ng the carboxyl term nus of the SCF gene. The DNA anptifications were-

performed using the oligonucleotide primers 227-29 and 25 1¢3dhed9ai B
construction of. pCFML156 rat [err] and 227-29 and 237-20 i 1 cch REplaced

n
construction of pCFML156 rat [err]. B. Rego#bi nant Human scﬂ] ﬂumquﬂm I
exanple relates to the expression in E. coli of human SCF p
means of a DNA sequence encoding [Met[err]] human [err] and [Met[err]]. _
human [err] (Fcgaresl5C). Plasmid V19.8 hunman 35 [err] containing the
human [err] gene was used as tenplate for PCR anplification of the human
SCF gene. - 87 - Aigonucleotide prinmers 227-29 and 237-19 were used to

generate the PCR DNA whi chiwas trivsyrnditgetldy -WocHrpdng aed yeepide
restriction endQOHG|LARPSHmidb YA ddjuence sufficiently duplicative

S of that of naturally-occurring stem cell factor to allow
possession of a hematopoietic biological 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 éipression of an exogenous DNA sequence.

15 ' |

4. A polypeptide according to Claim 3
wherein said polypeptide is the product of CHO cell
expression.

20 S. 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 | I |

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.

35
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provi de a Met
anino acid.res

initiation codon and restore the codons 5 for the first four

i dues (Qu, Ay, Ile, Cys) of the human SCF pol ypepti de,

synt heti c ol igonucl eotide |inker 5 TATGGAAGGTATCTGCA 3" 10,
3' ACCTTCCATAG 5 with Ndel and Pstl sticky ends was nade.
small oligo linker and the PCR derived human SCF gene fragnment were

i nserted by-ligation into the expression plasmd 15 pCFML156 (as descri bed

previously) at the unique Ndel and Sstl{gqgites in the plasmd shown in
pCFML156 human [err] plasm d was transfornmed into conpetent

Sel ection for plasm d .containing cells was on the

Figure 19. The

FMb E. coli host cells.

a

The

basis 20 of the antibiotig, (kansspedr idesaticarasngatiseclgemelcarried on
the pCFML156 vector. Plasm d DNA gﬁ@ok%pk ted fromcultured cells _and the
|

DNA sequence ofPP$ReABARA BEEL RN

d 2By "BNACL 8, GEREPRGE 95

construct the phamahdspehMiébb Pactor 25 s8E€FEor&B éncedgnget SB[ Met[err]]

human [err] (Fi
fragnent encodi

from pGEM hubrano¢enrfrifpdesdiebig variant thereof.

10
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10. A polypeptide according to Claim 1 which
has an in vivo biological activity of naturally-
occurring stem cell factor.

11. A polypeptide according to Claim 1 which
has an in vitro biological activity of naturally-
occurring stem cell factor.

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
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
stem cell factor, said DNA sequence selected from among:

(a) DNA sequences set out in Figure 14B,
figure 14C, Figure 15B, Figure 15C, Figure 42,

Figure 44, or their complementary strands;

(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).

i sol at ed

This Sheet Has Been Replaced

1
T

I




below), a Sstl to EcoRl restriction fragnment encoding 30 the am no
term nus of the human SCF gene was isolated from pCFML156 hunes §ieétHas Bén Replaced

The three DNA fragnents were |ligated together to formthe pCF
[err] plasm d which was then 35 tranfornmed into FMb E. coli ho
After col ony sel ection using kananyci-n idnug resi stance, the plasmd

the larger Hindlll to Sstl restriction fragnment from pCFl\/[LlSGNHmH
st C

e

- DNA was isolated and the correct DNA sequence confirnmed by DNA '
sequenci ng. The pGEM human [err] plasmid is a-derivative of pGEMB that

contai ns an EcoRI - Sphl

5 human SCF c%ﬁgg

this plasmd was | S0O

235-31 and 241te Cip§urd312B)agmanper arlowimggthe haesy esliehpl ate.
sequence of prégsgegglsgiaaﬁobg?ggtQaetBgoagg@p_genonic 10 sequence to the

3" side of ghe exon cont ai ni ng

10
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35

he codon for amno acid 176.

- 15. A polypeptide product of the expression
of a DNA sequence of Claim 13 in a procaryotic or
eukaryotic host cell.

16. An isolated DNA sequence coding for
procaryotic or eukaryotié host expression of a
polypeptide having an amino acid sequence sufficiently
duplicative of that of naturally occurring stem cell
factor to allow possession of a hematopoietic bioclogical
activity of naturally-occurring stem cell factor.

17. A cDNA sequence according to Claim 16.

'18. A .genomic DNA sequence according to
Claim 16. '

19. A DNA sequence according to Claim 16

wherein said DNA sequence codes for human stem cell

factor.

20. A DNA sequence according to Claim 19 and
including one or more codons preferred for expression in
E. coli cells. '

21. A DNA seguence according to Claim 16

having the sequence set out in Figure 15B, Figure 15C,
Figure 42 or Figure 44.

22. A DNA sequende according to Claim 16 and
including one or more codons preferred for expression in
yeast cells.

* c L M H *
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C. Fernentation of E, coli producing Human [err] 15 -

human [err]

Fernmentations for the production of [err] were carried out in %ﬁ% I ter
fermentors using an FMb E. coli K12 host containing the plasm i iﬁﬁmﬁi

. Seed stocks-of the producing culture were maintai
in 17% gl ycero

in Luria broth. 20 For inocul um production, 10

the thawed seed stock was transferred_t 00 m of Luria brothina?2lL
erlenneyer flask and grown overni ght at [err] on a rotary shaker (250
RPM . For the production of E. coli cell paste used 25 as starting materi al

for the purification of huyran J gy sjegfﬁe‘ﬂ‘égl E%ﬁgrhﬁnghité e1afn 96 the

following fernentation conditions were use e 1 no

ulum cul ture was

aseptical ly traeetaiently Asso at adk widht dr d@S/ELRRL Ry L8bR LosubstancsD

medi um (see Table 9). The culture was grown in batch node until the OD 600

Replaced

of the culture was approx*natelﬁaa%S. At this %hggéfgésterlle feed (Feed - 1,

Tabl e 10) was i ntroduced
t he 4§ eefirdghent Toe pelbtheptidavanalng ofr aatadadigopecuraling Wi th
Qe{flféé€o§%15 [err]. The tenperature was controlled at

contr ol

time to give a g{gmﬁ

30[err]

10

.15

20

25
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25. A DNA sequence as in Claim 24 coding for
methionyl stem cell factor. '

26. A biologically functional plasmid or
viral DNA vector including a DNA sequence according to
Claim 16.

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
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,
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
secondary conformation of naturally-occurring stem cell
factor and having part or all of the amino acid sequence
set forth in Pigure 15C, Figure 42, or Figure 44 and
having a biological property of naturally-occurring
human stem cell factor.

* c L ] S *



- 89 - during the growth phase. The dissolved oxygen concentration in the
fermentor was autonmatically controlled at 50% saturation using air flow

rate, agitation rate, vessel back pressure and oxygen 5 suppiigsshest ahsmnkﬁ‘wd

control. The pH of the fernentor was automatically controlled
phosphoric acid and ammoni um hydroxi de. At an OD-600 of appro

t he producti on phase. of the fernentatlogtq?s I nduced by |ncreaS|ng
fermentor 10 tenperature to 42[err] he' same time the addition of
Feed 1 was stopped and the addition of Feed 2 (Table 11) was started at a

rate of 200 m/hr. Approximately s u a r f
fermentor was increased, ?22 férﬁebéeggcgﬁ e%%g $€?é§?§ﬁ3€? ié?grr]
The yield of SCFactes4 wampappLOQFnately 30 ng/ OD-L. The cell peIIet was
then harvested by Ce”tr'fggébhﬁa 'GnéeFGEKﬂEEbﬂé Ehif&éﬁtfﬂoéﬁEEEénS for

one hour. The harvested ¢ adfe was stored frozen at -
~procaryotic or eukaryotlc host cells transformed or

5 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 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 pharmaceutically-acceptable diluent,
adjuvant or carrier.

34. A method for treatment of leucopenia in a
20 mammal comprising administering a therapeutically

effective amount of the polypeptide according to
Claim 1.

35. A method for treatment of
25 thrombocytopenia in a mammal comprising administering a
therapeutically effective amount of the polypeptlde
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 enhancing 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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20 A preferred nmethod for production of [err] is simlar to the
nmet hod descri bed above except for the followi 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 increased nore
slowy, resulting in a slower gromh rate (approximtely 0.08). 3) The
culture is induced at OD-600 of 20. 4) Rda@d-2 .is introduced into the
fermentor at 30 a rate of 300 ni/hr. All other operations are simlar to

t he net hod descri bed above, including the nedia. Using this process, yields
of SCF1 164 apprOX| mat el y335 48 mgried oht e@iQGlhﬂv'@Obeemawtom ned. 35

20" JLBLE O Fogmoakyl 9R ebeBehec\BEi HauPas 6as! cREhiRE, o

chemotherapeutic induced bone marrow aplasia or
myelosuppression which comprises treating patients with
5 therapeutically effective doses of stem cell factor.

39. A DNA sequence coding for an analog of
human stem cell factor selected from the group '
- consisting of:
10 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
15 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 acid
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

containing material to ion exchange chromatographic
separation.
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A ucose 5 [err]
3.5 [err] [err] 4 [err]

1 10 Nad 0. 625 Dow P-2000 antifoam
5 nm/8 L Vitam n solution[err] 2 mL/L Trace netals
solution[err] 2 nb/L 15 [err] otherw se noted, al

ingredients are listed as g/L. bTrace Metals solution: [err] 27 g/L; [err]
[err] 2g/L; [err] 2 g/L; [err] [err] —214F L5 20 [err] [err] 1.9 g/L;
concentrated HC, 100 n1/L [err]V’tan1n sol uti on: riboflavin 0.42 g/l;

pantothenic acid, 5.4 ni aci-n, RYri QOX|n /L; biotin, 0.06
g/L; folic acid, 0.04 g/ |_45 25A3(pr%es as i aim wher in' said ion

exchange chromatographic separation is anion exchange
chromatographic separation.

S _ 46.° A process as in Claim 44 further
comprising the step of reverse phase liquid
chromatographic separation.

47. A process for the efficient recovery of
10 stem cell factor from SCF containing material, the
' method comprising the step of subjecting the SCF
containing material to reverse phase liquid '
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, gcpl-162  gepl-164 gopl-165,
scFl-183 (Figure 15C); scF1™185, gcpl-188, gepl-189  ,4pg
scF1-248 (pigure 42); and scF1~157, gcFl-160, gcpl-161
and scFi~220 (pigure 44). | "
30
| 50. A biologically active composition
comprising the polypeptide of Claim 1 covalently
attached to a water-soluble polymer.

This Sheet Has Been Rer
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- 91 - TABLE 10 Conposition of Feed Medium5 Yeast extract

50a 3 ucose 450 [err]

8.6 Trace netals sol utionb 10 mL/L Vitanmin sdhi Reh“d
10 mL/L 10 [err] otherw se noted, all ingredrents are Irsted

Metals solution: [err] 27 g/l'L; [err] [err] 29/ L; [err]

2 g/L, [err] 1.9 g/L; concentrated HO?3 ﬁ m/L. [err]Vitamn solutron

ri boflavin, 0.42 g/l; pantothenic acid, 5.4 g{L, niacin, 6 g/L; pyridoxine,
1.4 g/L; 20 biotin, 0.06/ L Jf Uducditdondaldifl b1a?R 28 Rerein said
' polymer is selected from the group consisting of
polyethylene glycol or copolymers of polyethylene glycol
and polypropylene glycol, and said polymer is '
S unsubstituted or substituted at one end with an alkyl
group. )

52. The composition of Claim 50 wherein the
polypeptide is [Met™1] scpl-164,

10
53. The éomposition 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 50 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.

S6. 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 more 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 wherein one
35 .or more free cysteine sulfhydryl groups are conjugated
to said polymer via reaction with a maleimido or
. haloacetyl derivative of the polymer.

A A




- 92 - TABLE 11 Conposition of Feed Medium2 5 Tryptone

172[err] Yeast extract 86 d ucose

258 aAll ingredients are listed as g/L. 10 EXAMPLE 7 | munoas $hiy 8hektdHas Been Replaced
Detection of SCF Radi oi munoassay (RIA) procedures applied for

guantitative detection of SCF in sanples were conducted accordi

foll owi ng procedures. An SCF preparation fromBRL 3A cells purifie

Exanpl e 1 was incubated together thtfeﬁﬁzéeruntfor t wo hours at 37[err]
After the two hour incubation, the sanpl e tubes were then .cooled on

ice, [err] was added, an he uhat rr]. for | east
50 h.[EacL assay tube cog¥glng§ mégsgflgﬁ ?gcgga? ﬁ 4ﬁﬁ%§Q: ?stlng
of 50 [err] of RAlYRERt s |1§e|9é,YC°§ edcpnﬁof-h[’-'epo]ly(n@w ifseratached
cpm[err]), 25py deiddidd 3 a@l a?ﬁ'lﬂoo ﬂgQrEQEBL 8t ﬁgﬁrﬁtza}.wr d, with

buffer hosphaj e buffered saline, vi ne serum al bum_n
(p piﬁerlvatlve of the polymer w?th one or more aldehyde

S5 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 50 with a water-
soluble polymer under ‘conditions permitting the covalent
attachment of the polymer to said polypeptide, and |
recovering the adduct.so pfoduced.

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 therapeutically
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:
(1) culturlng early hematop01et1c progenitor
cells with SCF; and '
(ii) transfectlng the cultured cells of step
(i) with a gene.
35
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0.05% Triton X-100, 0.025% azi de) nmaking up the remaining volune The
anti serumwas the second test bl éed of a rabbit immunized kahm&uﬁﬁ%mm

preparation 30
antiserumdil ut

of natural SCF from BRL 3A conditioned nedlu
ion in the assay was 1:2000. The anti body- bou

. precipitated by the addition of 150 [eréﬁgStaph A (Cal bi oche

: h i ncubation at

0. 15M Nad ,

were counted in a gamma counter to determ ne t
Count's bound bymﬁmmé§quﬂﬂqﬂfkﬂﬁlRHQMﬁﬂ?Q§u§€facted fromall final values

to correct for
Figure 20. The

unl abel ed st and&€d LiSs
Fi gure 20B, 8@hen the |nnnwuinyeﬂmansﬁﬁdﬁin@ehheteuatare&a&bmed by SbepPAGE

and

10

15

20

25

30

35

roomtenperature, the s

l'es were 35 centrlfuged and the

pellets were washed twice with 0.75 m 10 nM Tris-HCL pH 8.2, containing

aced

- 92 - 2 MMEDTA, by QA TeRER: K400 dRevBshad pelTets

err] bound.

5 nonSpeCIﬁﬂy:dHExUﬂmﬂqﬂéaquy hémhxapsabtBEApkagéhQ%Brln
per. ent Shl ion of [err] binding produced by~the
pendent (Figure 20A), and, as indicated in

(i) with a gene; and

(iii) administering the transfected cells to
said mammal.

66. A method of treating nerve damage in a
mammal comprising administering a therapeutically

effective amount of the polypeptide according to
Claim 1.

67. A method of treating infertility in a
mammal comprising administering a therapeutically

effective amount of the polypeptide according to
Claim 1.

68. A method of treating intestinal damage in
a mammal comprising administering a therapeutically

effective amount of the polypeptide according to
Claim 1.

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.

70. A polypeptide as in Claim 48 selected
from the group consisting of:

[Met™11scF1™148, [Met~1l]scpl-162,
(Met™1]scr1™164  [Met~l)scpl=165, [Met™l]scpl-183
(Figure 15C); [Met™tlscrl™183, (Met~l)scrl-188,
(Met™l1scFl~189, ang [(Met™l)scrl~248 (rigure 42); ana
[Met™11scF1~157, (Met™1)scrl™160, [Met™l]scrl~161 5pg
(Met~liscrl~220 (pigure 44).
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10 autoradiography, the [err] protein band is conpeted. In Figure 20B,
lane 1 is [err], and lanes 2, 3, 4 and 5 are i mmune-precipicated [err]
conpeted with 0, 2, 100, and 200 ng of SCF standard, respectively. As
determ ned by both the decrease in 15 anti body-precipitable cpm observed
in the RIA tubes and decrease in the inmune-precipitated [err] protein band
(mgrating at approximately M 31,000)1kﬂ§ pol ycl onal antisera recogni zes
the SCF standard which was purified as in Exanple 1. 20 West ern
procedures were also applied to detect reconbi nant SCF expressed in E.

coli, COS-1, and CHO cells. Partially purified E. coli expressed rat [err]
(Exanple 10), CCS-1 cell expressed rat [err] and [err] as well as human

[err] (Examples 4 and 25 . Cﬁg | | essed rat [err] (Exanple 5),
were subjected to SQS—éKGE%LEgﬁggw iﬁlm phoresis, the.protein bands
were transferred to 0.2 [err] nitrocellul ose using a Bio-Rad Transbl ot
apparatus at 60V for 5 h. The nitrocellulose filters were blocked 30 for

4 hin PBS, pHJ.6, cotMaini ng¥10% god® serum fol l owed_by a 14 h room

tenperature i nSubation(With a @200 diTution &0 eithefOr&bbit prei mmune or
I Mmune T T T T

200
HPP-CFC

FRACTION #
- _0. -

Q- ~ 97

100

OD.

0.30
024 r

wuoge 'do
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serum (i mruni zati on descri bed above). The antibody- antiserum conpl exes
wer e visualized using horseradi sh 35 peroxi dase-conjugated goat
anti-rabbit 1gG reagents (Vector |aboratories) and 4-chl oro-1-napthol color
devel opnment reagent. Exanpl es of two Western anal yses are presented in
Figures 21 and 22. In Figure 21, lanes 3 and 5 are 200 [err] of COS-1 cel
produced human [err] lanes 1 and 7 areézgﬁ%ul of COS-1 cell produced human
EPO (COS-1 5 cells transfected with V197 PO ; and |l ane 8 is prestained
nmol ecul ar wei ght markers. Lanes 1-4 were incubated with pre-inmune serum
and | anes 5-8 were incubated with i mune serum The inmune serum
specifically recognizes a diffuse band wth .an apparent 10 M of 30, 000
daltons from COS-1 cells produci ng human SCF1 162 but not from COS-1 cells
produci ng human EPO. In the Western shown in Figure 22, lanes 1 and 7 are 1

[err] of a partially pu(yfi &LQi@my aD g oeldepy SCF1 193 produced in E

coli; lanes 2 and 8- are wheat 15 germ agglutinin-agarose purified COS-1
cell produced rat
O O N
Q\ - A @ < Q0
v or 1 r v orr 1 yrr oo N
N
o
o
N
Q
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[err]; lanes 4 and 9 are wheat germ agglutinin- agarose purified COS-1 cel
produced rat [err]; lanes 5 and 10 are wheat germ aggl utini n-agarose
purified CHO cell produced rat SCFl1 162; and lane 6 is prestained 20

nol ecul ar wei ght markers. Lanes 1-5 and | anes 6-10 were incubated with
rabbit prei mune and i nmmune serum respectively. The E. coli produced rat
[err] (lanes 1 and 7) migrates with an3gggarent M of -24,000 daltons while
the COS-1 cell produced rat SCF1 193 (lanes-2 and 25 8) migrates with an
apparent M of 24-36,000 daltons. This difference in nolecular weights is
expected since mamualian cells, but not bacteria, are capable of

gl ycosyl ati on. Traf®f&di 0aleidcthe sigaqdenee vasodivgy rat SCF1 162 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 that produced
by transfection withJerr] (lanes 2 and 8). The expression products of rat

SCF1 162 from -1 an cel are qoseries of bands ranging in 35
apparent M bet@een 24-3%, 000 dgftons.,_The hehgrogenekSy of the expressed
SCF is likely due to , i : 8
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- 95 - carbohydrate variants, where the SCF pol ypeptide is glycosylated to
different extents. In summary, Western anal yses indicate that immune serum
fromrabbits imunized with natural 5 nanmalian SCF recogni ze reconbi nant
SCF produced in E. coli, COS-1 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 t SCF anti serum preinmune serum
fromthe sanme rabbit 10 failed to react wth any of the rat or human SCF
expression products. EXAMPLE 8 In Vivo Activity of Reconbi nant SCF 15 A
Rat SCF in Bone Marrow Transpl anation COS-1 cells were transfected with
V19.8 [err] in a |arge(sga@lexPer iNeD (&YBVEn2 flasks 20 instead of 60
nm di shes) as described i'n Exanple 4. Approximately 270 m of supernatant
was harvested. This. supernatant was chronatographed on wheat germ

aggl utini n-agarose and S- Sepharose essentially as
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described in Exanple 1. The reconbi nant SCF was 25 evaluated in a bone
marrow transpl antati on nodel based on nmurine [err] genetics. The [err]
nouse has a stemcell defect which anong other features results in a’
macrocytic anema (large red cells) and allows for the transplantation of
bone marrow fromnormal aninmals 30 without the need for irradiation of the
recipient animals [Russel, et al., Sciepgg 144, 844-846 (1964)]. The
normal donor stemcells outgrow the defective recipient cells after
transplantation. In the foll ow ng exanpl e, each group contained 35 six age
mat ched m ce. Bone marrow was harvested from normal donor mce and
transplanted into [err] mce. The - 96 - blood profile of the recipient
animals is followed at different tines post transplantation agd engraftnent

of the donor mafrow 1S determ ned by the shift of the periphercal bl ood
cells fromrecipient to denor 5 phenotype. The convergionjfrom recipient
to donor phenotype i.s detected by nonitoring the forward scatter
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profile (FASCAN, Becton D ckenson) of the red blood cells. The profile for
each transpl anted ani mal was conpared to that for both donor and recipient
un- 10 transplanted control animals at each tinme point. The conparison was
made utilizing a conmputer program based on Kol nbgorov-Snmirnov statistics
for the analysis of histograns fromflow systens [ Young, J. H stochem and
Cytochem , 25, 935-941 (1977)]. An in%gg@pdent 15 qualitative indicator
of engraftnent is the henogl obin type cted by henogl obin

el ectrophoresis of the recipient blood [Wng, et al., MIl. and Cell. Biol.,
9, 798-808 (1989)] and agrees well with the goodness of fit determ nation
from Kol nbgorov-Sm rnov statistics. 20 Approximately 3 x [err]
cells were transplanted without SCF treatnent (control group in Figure 23)
from C56BL/ 6J donors into [err] recipients. A second group received 3 x 105
donor cells which had been treated with SCF (600 Um) at 37C for 20 mn
and injected together 25 (pre-treated group in Figure 23). (One unit of
SCF is defined as the anpbunt which results in half-maximal stinmulation in
the MC/9 bioassay). In a third group, the recipient mce were injected
sub-cut aneously (sub-Q wth approximately 400 U SCF/ day for 3 days after

974 —

66.2 —

427 —

310 —

215 —
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30 transplantation of 3 x [err] donor cells (Sub-Q inject group in Figure

23). As indicated in Figu
transpl antati on,
phenot ype.
marrow transpl antation

M ce Miutations at the Sl

re 23,

in both SCF-treated groups the donor
is engrafted faster than in the untreated control

mar r ow
group. By 29 days post-

the SCF pre-treated group had converted 35 to donor

pi gnent cells,

reduced nunbers of
Hemat opoi esi s, Vol

red bl ood cells [Russell,

I n: Al Gordon,

I, 649-675 Appl et on-

Century-Crafts,

This Exanple illustrates the useful ness of SCF therapy in bone
- 97 - B. qug%yo activity of Rat SCF in Steel

| ocus cause deficCiencies in hematopoietic cells,

and germ5 cells. The henatopoietic defect is manifest as

Regul ati on of

neutrophils [Ruscetti,
nonocyt es [ Shi bata, J. d

Exp. Hematol., 6, 201 (1

New York (1970)],

Proc. Soc. Exp. Biol. Md., 152, 398 10 (1976)],
| . wh3 5 ], megakaryocytes [ Ebbe,
§78t?]q', rﬁtﬁ?ﬂa‘ﬁ% ﬁ’é cells [(d ark,

| munogenetics, 12, 601 (1981)], and mast cells (Hayashi, Dev. Biol.,
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109, 234 (1985)]. Steel mice are poor recipients of a 15 bone marrow
transplant due to a reduced ability to support stemcells [Bannernman, Prog.
Hematol ., 8, 131 (1973)]. The gene encoding SCF is deleted in Steel (S1l/S1)
m ce. Steel mce provide a sensitive in vivo nodel 20 for SCF activity.
Different reconbinant SCF proteins were tested in Steel-Dickie (S1/Sl[err])
mce for varying lengths of time. Six tgygken week old Steel mce

(WCB6FI -S1/S1[err]) were purchased from Jackson Labs, Bar Harbor, M

Peri pheral bl ood was nonitored by a 25 SYSMEX F-800 m crocell counter
(Baxter, Irvine, CA) for red cells, henpglobin, and platelets. For
enuneration of peripheral white blood cell (WBC) nunbers, a Coulter

Channel yzer 256 (Coulter Electronics, Marietta, GA) was used. 30

In the experinent in Figure 24, Steel-Dickie mce were treated with E. col
derived SCF 1-164, purified as in Exanple 10, at a dose of 100 [err]/kg/day
for 30 days, then at a dose of 30 [err]/kg/day for an additional 20 days.
The protein was fornulated in 35 injectable saline (Abbott Labs, North
Chicago, IL) +0.1% f eiga | NgeeiaL il JThe Ll oglions wer e
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- 98 - perforned daily, subcutaneously. The peripheral blood was nonitored
via tail bleeds of -50 [err] at the indicated tinmes in Figure 24. The bl ood
was collected into 3% EDTA coated syringes and di spensed into 5 powdered
EDTA m crof uge tubes (Brinkmann, Westbury, NY). There is a significant
correction of the macrocytic anema in the treated animals relative to the
control animals. Upon cessation of treagyggnt, the treated animals return to
the initial state of 10 macrocytic anema. In the experinent shown in
Figure 25 and 26, Steel-Dickie mce were treated with different reconbi nant
forms of SCF as described above, but at a dose of 100 [err]/kg/day for 20
days. Two forns of 15 E. coli derived rat SCF, SCF1l 164 and [err], were
produced as described in Exanple 10. In addition, E. coli [err], nodified
by the addition of polyethylene glycol ([err] PE&5) as in Exanple 12, was
al so tested. CHO derived [err] produced as in

- g

97.4 — 97.4—
074 2 66.2 —
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20 Exanple 5 and purified as in Exanple 11, was also tested. The aninals
were bl ed by cardiac puncture with 3% EDTA coated syringes and di spensed
i nto EDTA powdered tubes. The peripheral blood profiles after 20 days of
treatment are shown in Figure 25 for white 25 blood cells (WBC) and Fi gure

26 for platelets. The WBC differentials for the SCF1 164 PEQ5 group are
shown in Figure 27. There are absol ut

3#Qﬁ§ieases in neutrophils, nonocytes,
| ynphocytes, and pl atel ets. The nost ic effect is seen with [err] PEG
25. 30 An i ndependent neasurenent of |ynphocyte subsets was

al so performed and the data is shown in Figure 28. The nurine equival ent

of human CD4, or marker of T helper cells, is L3T4 [D alynas, J. | mmnol.,

131, 2445 (1983)]. [err] is a murine 35 antigen on cytotQxic T cells
Exp—Med

[ Ledbetter, J. g——353—45603—398H)+—Mpnoctoma ti bodi es agai nst
t hese _ 99 | antigens were used to evaluate{T cell subSets in the
treated ani mal §. . B
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Whol e bl ood was stained for T | ynphocyte subsets as follows. Two hundred
mcroliters of whole 5 blood was drawn from i ndivi dual animals into EDTA
treated tubes. Each sanple of blood was |ysed with sterile deionized water
for 60 seconds and then made isotonic with 10X Dul becco's Phosphate
Buffered Saline (PBS) (G bco, Gand Island, NY). This |ysed bl ood was 10
washed 2 tinmes with 1X PBS (G bco, & q(}6gsl and, NY) supplenented with 0.1%
Fetal Bovi ne Serum (Fl ow Laboratory, l\/t:Lean VA) and 0. 1% sodi um azi de.

Each sanpl e of bl ood was deposited into r ound bottom 96 well cluster dishes
and centrifuged. The cell pellet 15 (containing 2-10 x [err] cells) was
resuspendedywith 20 mcroliters of Rat anti-Muse L3T4 conjugatgg wth
phycoeryt hgg n  PE) €Begtan B cki nsoro hunt akn d/i ew, 1CAk and g0 gi cg;ol,J ters
of Rat anti-Muse.lyt:2_canjugated with. ELUOLESQELD__SQthQﬁlaﬂﬁlgmgg_

i ncubated on ice (4C) for 30 mnutes (Becton Dickinson). Follo ng "_‘

i ncubation the cells were was d2t|mesm 1X PBSsuppIe nted as

i ndi cat ed ove d. E@ch S | o y a _FACScan cel |
anal ysi s sys ten1 et ol ckfnsonp Nguntal '&(5% P THi st sySt én was

50 60
L R D MV THULS VS L TTULULUD K F § XN
-- (Sequencing after pyroGlu removal)

-——-I

I-====== (Sequencing after Trp cleavage, N6S5 nonglyco) =-e——emaeao
70 80
S E G L 8§ ¥ ¥ 8 I I D K L G K I V PP D L Vv 1A
[~=mmmeeea T=3 -—=omme-
----- (Sequencing after Trp cleavage; N72 glyco) =---I
90 100 110
C M E E N A P K NV K E S L K K P E T RN F
------ T=3 ~——-ecmwemeeea] Ie-=wmmeemcoe T=l —-mcm—ececeeol [emaee
I- T-7(N120 glyco): T-8(nonglyco)-
I-- CB-14; CB-15; CB=16 -~——cmmaommeea
I s-1 I I- S~5 or S-6 (N109 nonglyco) -
120 1390
T P E E F F § I P R 'STT DDA F K D F M Vv A
------ T-4 (N109 nonglyco) - Iz ======= T=5b ~-ccmmmmccaaao
—————— T=7; T-8 -~—=1
-=- CB-14; CB-1S5; CB-16 -—~--—mmccmmc I [-==—-
- e e == 8§=5 OF S=8 wmemmme el
140 : 150
$ DT S bHbCUVL S®H®LG?P?P E KD S R V § V
------------------------------ T=SD -==--=c-commoomcmomcccmmmcaeel I~ T-2 -
--------------------------------- CB=6D =mmmmmmmm oo e e
----1 I-—--= $-2 -----
160
(F) K P F M L P P V A (A)
..... 1 ~~ (Carboxypeptidase P digestion)
---- CB-6b ---I
------------- §=2 —=-mm-memcenaal
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aut oconpensati on procedures and Calibrite Beads (Becton D ckinson, Muntain
View, CA). These data indicated an absolute increase in both helper T cel
popul ations as well as cytotoxic T cell nunbers. 30 C. In vivo activity of
SCF in primtes Human SCF 1-164 expressed in E. coli (Exanple 6B) and
purified to honbgeneity as in 35 Exanple 10, was tested for in vivo

bi ol ogi cal activity in normal prinatezk éﬁﬁnt mal e baboons (Papi o sp.) -
100 - were studied in three groups: u % ed, n=3; SCF 100 ug/ kg/ day, n=6;
and SCF 30 ug/ kg/day, n=6. The treated animals received single daily

subcut aneous injections of SCF. Bl ood speci nens were obtained from5 the

ani mal s under
reticul ocyte count,

ket am ne restraint.

Speci mens for conplete blood count,
and platel et count were obtained on days 1, 6, 11, 15,

20 and 25 of treatnent. Al animals survived the protocol and had no
OLIGO 8EQUENCX LOCATION
219-21 ACATTCTTIGGIGCATTCTCCTCCAT 393-363

G T G T T
219-22 AAAAACTCCTCIGGIGTAAAATT 447 =425
G T T G G
219-25 GTTTCNGGTTTTTT 420-407
c cC C
219-26 ATGGAAGAAAACGCCCCCAAAAACGT 368-393
G G T G T
222-11 CCNAATGATTATATGATAAC 167-18§
c ¢ ¢ o
T
222-12 GGNGGNAACATAAANGGCTT 566-585
G G T
223-6 ACCATAAAATCTTTAAAICGATC 492-470
G G C G G
224-24 GTATTTTCAATAGATCCATTGA 450-471
224-25 CCAACTATGTCGCC 190-202
224-27 GTAGTCAAGCTGACTGATAAG 273-253
224-28 TAACCAACAATGACTAGGCAA 235-215
225-31 TTCCAGAGTCAGTGTC S47-562
227-29 GCGAAGCTTGCCTTTCCTTATGAAGAAGA 16-35 *
227-30 GCGCCGCGGTTACGGTGGTAACATGAAGGGCTTTGTGA 586-561 «
228-30Q GATAAATGCAAGTGATAATCC 45-65
230-25 GCGGTCGACCCGCGGAACTTTAAGTCCATGCAACAC 705-685 +
237-19 CACCCGLGGTTATGCAACAGGGGGTAACATAAATGG 569-592 «»
237-20 CACCCUGCGGTTAGGCTGCAACAGGGGGTAACATAAA 572-595 «+

FIGURE 12A



10 adverse reactions to SCF therapy. The white blood cell count increased
in the 100 ug/ kg treated aninmals as depicted in Figure 29. The differenti al
count, obtained nmanually from Wight G ensa stained peripheral bl ood
snears, is also indicated in Figure 29. There 15 was an absolute increase
in neutrophils, |ynphocytes, and nonocytes. As indicated in Figure 30
there was al so an increase at the 100 " dose in the hentocrits as well
as platelets. Human SCF [err] nodifiedgg§ the addition 20 of polyethyl ene
glycol as in Exanple 12) was also tested in nornmal baboons, at a dose of
200 [err]/kg-day, adm nistered by continuous intravenous infusion and
conpared to the unnodified protein. The animals started SCF at day 0 and
were treated for 28 days. The 25 results for the peripheral WBC are given
inthe following table. The PEG nodified SCF elicited an earlier rise in

peri pheral V8CUIdmn t hessQuBMCRi ed SCF. 30 35 LOCATION
231-27 CTTAATGTTGAAGAAACC 703-686¢
233-13 GATGGTAGTACAATTGTCAGAC 410~-431
233-14 GTCTGACAATTGTACTACCATC 431-410
235-29 CAATTTAGTGACGTCTTTTACA 302-323
235-30 TTAGATGAGTTTTCTTTCACGCAC 556-533
235-31 AAATCATTCAAGAGCCCAGAACCC 566-589
236-31 AACATCCATCCCGGGGAC 366~183

238-31 CTGGCAATATTTTAAGTCTCAAGAAGACC

241-6 GCGCCGCGGCTCCTATAGGTGCTAATTGG
254-9 CCTCACCACTGTTTGTGCTGGATCGCA 153-179
262-13 GGTGTCTAGACTTGTGTCTTCTTCATAAGGA 209-190 «+

FIGURE 128



- 101 - Treatnment with 200 [err]/kg-day [err]: Animal # MB8320

Ani mal # MB8129 DAY VBC DAY WBC 5
5800 0 6800 +7 10700 +7
7400 +14 12600 +14 20900 +16 22000
+21 18400 +22 31100 +23 24900 10
+24 28100 +29 14/66 13000 +29 9600
+30 23000 +36 6600 +37 12100 +43
5600 +44 10700 +51 7800 15 Treatnent with
200 [err]/kg-day [err]: Animal # M8350 Ani mal # MB9116 20
DAY VBC DAY WBC -7 12400
-5 7900 -2 11¢ 0 7400 +4
24700 LI, Hopxen 20400 +9
17100 25 +:h:b1_7 ZQ&QCCCCGG +13 18700
T
A
220-3 TTTTTTTTTTTITITTITTTGG
_220—7 TTTTTTTTTTTTTTTTTTAG

220-11 TTTTTTTTTTITTTTTTTCG

221-11 TTCGGCCGATCAGGCCCCCCCCCC
221-12 TTCGGCCGGATAGGCCTTTTTTTITTTTTTIT
228-28 GGCCGGATAGGCCTCACNNNNNNT

228-29 GGCCGGATAGGCCTCAC

FIGURE 12C



+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 -

102 -. EXAMPLE 9 In vitro Activity of Reconbinant Human SCF The cDNA of
human SCF corresponding to amno 5 acigygel- 162 obtai ned by PCR reactions
outlined in Exanple 3D, was expressed in -1 cells as described 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 MC/ 9 assays. The human protein was not
10 active at the concentraid ons testedobn either nesd ne assaygohowever, it
was active_an human bone marrow. The culture conditions of the assay were

as follows: hufeRPAHone228z'row from heal t hy vol unt eers was

223-5
PCRS6.2 222-11
[P ——
219-25
¢ m———— 21925
¢ 219-21
PCRO03
_19 12 . PCRs yelaing
U 5 rat cOnNA
« for sequence
PCROE6.6 223-6 anaiysig
2017
—_—
———
219-25%
PCR625.1
2Q1-7
—
224-27
<€ n 224~-28 _—
PCR90.4
222-11 o
— PCRs yielding
- 3 rat cONA
222-12 tor sequence
224~24 ———3 aralysis
21926 =—————eeely ]
PCRE30Q.1, 6302
7 -
227-29 -
—————
227-30 PCRs
PCRE4.1, 842 used
227-29 : for
—p xRSO
———
230-25
PCR 1 —_—
219-26
—_—
— |
223-6 PCRs used for
PCR2 hybriazation
222-31 probes
P a—
21921 —_
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centrifuged over Ficoll-Hypaque gradients (Pharmacia) 15 and cultured in

2.1% nmet hyl cellulose, 30%feta

calf serum 6 x [err] M 2-nercaptoet hanol,

2 mM glutam ne, | SCOVE' S nedium (G BCO, 20 Um EPO and 1 x 105 cells/m
for 14 days in a humdified atnosphere containing 7% [err] 10%[err], and

83% [err]. The col ony 20

nunbers generated with reconbi nant human and rat

SCF COS-1 supernatants are indicated iT6p§§Ie 12. Only those col onies of
. Ta

0.2 mmin size or larger are indicated
Marrow Col oni es in Response to SCF Vol une of CM

Tr ansf ect ed

le 12 25 Gowh of Human Bone
Col ony #/ 100,000 Pl asm d

Assayed [err] cells SD 30 V19.8 (no insert)
100 0 50 0 V19.8 human [err]
100 337 50 223 V19.8 rat [err]
100 131 35 50
10 1 200 600 700
! 1 1 1
PCR22.7
7 -
227-29
i -
228-29
PCR24.3
222-11
—_—
e
228-29
PCR25.10 (33.1)
222-11 PCRs yielding
- ruman cOna
< for sequerce
227-30 analysis
224-24————m>
PCR24.7
224-25
—
<
228-29
PCR41.11 {423)
224-25
—_—
—
227-30
233~13 >
PCR39.1 (41.1, 51.1, 58.1) —]
227-29
—_—
PCRs used
- for
227-30 expression
233-13 > —_
PCRsaS
233-13
3 PCRs used
for
22; -30 hyt::dzanm
PCR96.1 PCR 7
233~13
A o
[ AR
231-27 _

FIGURE 138



- 103 -. The col onies which grew over the 14 day period are shown in Figure
31A (magnification 12x). The arrow indicates a typical colony. The
col oni es resenbled the nurine HPP-CFC colonies in their |arge size (average
5 0.5 mMm. Due to the presence of EPO, sone of the colonies were
henogl obi ni zed. When the col onies were isolated and centrifuged onto gl ass
slides using a Cytospin (Shandon) foll by staining with Wight- G ensa,
t he predom nant cell type was an 10 undifferentiated cell with a | arge
nucl eus: cytoplasmratio as shown in Figure 31B (nagnification 400x). The
arrows in Figure 31B point sto the followi ng structures: arrow 1, cytoplasm
arrow 2, nucleus; arrow 3, |vacuoles.{lmmture cells as a class are |arge
and the 15 cells becone prggressively smaller as they nmature [Diggs et al.,
The Mor phol ogy of Human Bl god Cel |l s,vAbbott Labs, 3 (1978)]. The nuclei of
early cells of the henotopdietic maturati opn sequence are relatively |large
inrelation to the cytoplasim I'h addition,¥the 20 cytoplasm of inmature
cell s stains darker vvitkEWi ght

g
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40
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G ensa than does the nucleus. As cells mature, the nucl eus stains darker

than the cytoplasm The norphol ogy of the human bone marrow cells resulting
fromculture with reconbi nant hunman SCF is consistent with 25 the

conclusion that the target and i mredi ate product of SCF action is a
relatively inmmature hematopoietic progenitor.. Reconbi nant human SCF was
tested in agar col ony assays on hunan jlgggg nmarrow i n conbi nation with 30

ot her growth fa%g g ' %%F@%&’G\E&{%&TﬁET&EQM ide Tabl e
13. SCF synergi &g\fﬁr ségéqu , -3, an O to I ncrease ﬁe
proliferation M e gégr ¢ hﬁ:,g‘t% élé-i# p%EﬁT% - 104 -
TABLE 13. Reco gﬂf""ﬁ%ﬁéﬁw er%p%rv'\ﬁtpf e’irl uen%n ony S%? mul ati ng
Factors 5 Col on err].cells (14 Days
%ALGTTLAATTCTG&CTTC&AQCTAAAAACACACCCTTCTGTCAA 135
TCCGAGGAGCAGTGTGCTAGTCTAGAGGTCTAAATGAAGGCTCCT 180
TTCACGGTTGTATTTCTGCTCCCCAAATTGTCCACATTTARAAGS 225
AGAGTGCTTCTTTTCAGCCTTAGGCTCTGAATTTCATGCATTCCT 270
CCATTTTCCGAGGTCCCccCcAAGTGATAATTCTGTTACACGTTG 315
CTACAAGTTCATCCCTAATTGCCGTCAAGAAACTGACTGTAGAAG 360
GCTTACCACAGACGTTGTAACCGACAGTAAAGCCATTGAAAGAGT 405
AATTCAAACAGGATGGAAGCCAGGAGTATTTTGTGGCTGTTGCTC 450
TTTTTCTTTTCAGTTTGGTGAGAGCAGCTTGAATGCTTAACATTT 495
AAGCCATCAGCTTAAAACAAAACAARACAAAACAAAAAAAAACCC 540
CGCTCTGGCATATTTGCACTTAACACATACGGTATAAGGTGTTAC 585
TGGTTTGCATAGTTCTGGATTTTTTTTTTTTAAAAACTGATGGAC 630
- -20
ThrTrplleIleThrC
ACCAAGAAATGTTTCTGTTCTTTGTTTAGACTTGGATTATCACTT 675
-10 .
ysIleTyrLeuGlnLeulLeuleuPheAsnProLeuValLysThrG
GCATTTATCTTCAACTGCTCCTATTTAATCCTCTCGTCAAAACTC 720
1 10
inGlulleCysArgAsnProValThrAspAsnValLysAspIleT
AGGAGATCTGCAGGAATCCTGTGACTGATAATGTAAAAGACATTA 765
18
hrlysLeu
CAAAACTGGTAAGTAAAGAATGATTTTGGCATCTATAAGTCTTCC 810
CTGTGCTTGCTGACCACATAGGTTCAGGGCACTCCCGACAGGAGT 855

TCCCAGCTTTCTAAGATAAGGAATCACTGTACGAGTCTGAAGTGC 900

TTCTTCTGGGCAAATGGGAGATGCTTAGGTCATGGAGGGTTTATC 945

FIGURE 148



nock 0 hG CSF

32 3 10 hG CSF + hSCF 74 1 hGw CSF

14 2 hG\ CSF + hSCF 108 5 hlL-3

23 [err] 1 hlL-3 + hSCF 108 3 15 hEPO

10 5 hEPO + IL-3 17 1 hEPO + hSCF

86 10 hSCF 9/6 0 20 Anot her
activity of reconbi nant human SCF is Jhe g%ility to cause proliferation in
soft agar of the human acute nyel ogenous | eukema (AM.) cell line, KG1

(ATCC CCL 246). COS-1 supernatants fromtransfected cells were tested in a

KG 1 agar cl oriGTARARSYGGKOSITIRGCREACCAALCAAASTGAUIGACTRGCTITS3- BB
(1978)] essentially as described except cells were plated at 3000/ m . The
data fromtri pircetecTTRCOTCTE e given in Table 14. 30 35 1007

Intervening sequence of unknown length

TCTCCAGTCCTGGGCATGGTATATACTTAGGCACCCAAGATTGGA 45
TTTACAACTCAAGCATTATATATTGGACAACNACGGGGTATGAGA 90

TATTAATGATATGTCAGGTTGGATGGATGAGTTTTCTCAAGAAAT 135

19

Val
TCTCTITGTATTTACTCACGTTTTCATTTCTTGGTCTCTGTAGGTG 180

30
AlaAsnLeuProAsnAspTyrMetIleThrLeuAsnTyrValAla
GCGAATCTTCCAAATGACTATATGATAACCCTCAACTATGTCGCC 225

39
GlyMetAspValLeu
GGGATGGATGTTTTGGTATGTAGTCCACACACTTCTGAGTTGCCT 270
TTTAGTAGCTAATGGGTGACCTGTGCTTAITCACATTGAAGACAI 31S
TATTTGCTCTTTGTICGTTTTTAGATGTTGACCTATAATTTTTCCT 360
TCAAGCTGCTGCTAAGATTATCAGTGAGCATTTCAGTATGTGTTT 405
TAAGCCTACTCATTAAAAGGAAATGGCTCATCTTAGACGTAGCAA 450
CCGATGTTAATTTTTCCCCAGGCATCTCTCAGAGGGACTTGAATG 495
TTAAAATCATGTTAAATTTCCTCCTTGGCTATGTTATTTCTCATG 540
GCTATGTTATTICCTATTCGTATTTCATTTAAAGGGACGGAATATT 585

TATTGTATTTCTGAACTTTTTCAGGCATGCATCCGGGTCTTTGAA 630

TAAAA 635

Intervening sequence of unknown length

FIGURE 14B cont.



- 105 - Table 14 KG 1 Soft Agar C.oning Assay Vol une Col ony #/ 3000

Plasm d Transfected Assayed [err] Cells SD 5 V19.8 (no insert)
25 21 V19.8 human [err] 25 140 12
80 6 95 3 64 10

1.5 66 V19.8 rat [err] 25 61
human Gw CSF 50 (5 ng/ M) 20/66 - 145 15

EXAMPLE 10 Purification of Reconbi nant SCF Products Expressed in E. coli
Fer ment ati on of CECTAMGACRGRARCIBLETARMGS RIS TAA TG T FEATAEESAdi ngfI o
Exanpl e 6C. The harvested cells (912 g wet weight) were suspended in water

to a vol une of ATGTCTINGABASKSAAGT GANTIAGILSTRAATANRTGRTECASIor atIt y
honogeni zer (Gaulin Mdel 15MR-8TBA) at 8000 psi. A

GAACGTCCAGTGGTTCATGAACTTTGTATGTGGGGGTGGGGCAAG 135
AATTGTCTCACTATTGGTCAAGGAAGAGAAGGTAAGGTATGCAAG 180
GGTGGTTTAATCTTCTTCCGTGGAAGGACAAAATCATCTATCATT 225
TCCTCTGATCTCTATGCATTTGTTTGTTTTGAACTGAATCTGACT 270
TGAGCAAGAGTTGGCGTCCTGTGTTCTGAGGAAACTCTTTGTCCT 315
GCAGTCAGTGACTAAAAGTGCTGAGAGATCTGAAGAGCACTCTGA 360
ATCTGCCATATTTTTAATAGATGCTTTGTCTTCTCTTTGAATTTC 405
40 50
ProSerHisCysTrpLeuArgAspMetValThrHisLeu
TTCCAGCCTAGTCATTGTTGGTTACGAGATATGGTAACACACTTA 450
. 60
SerValSerlLeuThrThrLeuleuAspLysPheSerAsnIleSer
TCAGTCAGCTTGACTACTCTTCTGGACAAGTTTTCAAATATTTCT 495
70 80
GluGlyLeuSerAsnTyrSerIllelleAspLysleuGlyLysIle
GAAGGCTTGAGTAATTATTCCATCATAGACAAACTTGGGAAAATA 540
S0 96
ValAspAspleuValAlaCysMetGluGluAsnAlaProLys
GTGGATGACCTCGTGGCATGTATGGAAGAAAATGCACCTAAGGTA 385

ACTTGGTATTCATCAGAATTATTTTTCTTATACT 6159
Intervening sequence of unknown length

GAGCTCATGATGAGCAATTCACAACCACTTGTAATTCCAGCTCCA 45
GAGGACATTATCCCCTCTTTGGATGCCATAGGAATCTGCTCTCAA S0
ATATGTAGATACCACCTCTGCCACCTCAGCACATACATACACATA 135
ATTAAAAAATAGAAACATTAAAGGAGTTCCAATCAATCCTTATTC 180

TTTTCTGTATTCAGTATGCCCAGATGTAAATTCTAGGAATATGTT 225

FIGURE 148 cont.



broken cell pellet fraction was obtained by 25 centrifugation (17700 x g,
30 mn, 4[err]), washed once with water (resuspension and
recentrifugation), and finally suspended in water to a volune of 400 ml.
The pellet fraction containing insoluble SCF (estimate of 10-12 g SCF) was
added to 3950 ml of an 30 appropriate m xture such that the final
concentrations of conponents in the nllyg%p were 8 Murea (ultrapure
grade), 0.1 nM EDTA, 50 mM sodi um acetate, pH 6-7; SCF concentration was
estimated as 1.5 ng/m . Incubation was carried out at roomtenperature for

o (0,38 SRR S SNSRI TSR R Lfgroved by
ref ol di ng/ reoxi solubilized SCF super nat ant fractlon was
added sl ow y, q‘f#@f?’?&FﬁquT&%‘gTH%A{T%'FC%'ﬁAQSEFG&Q%@Wﬁtur &Xch t hat
t he final concentratlons of conponent s in the mxture were 2.5 Murea
(ul trapure gr&&STG T@W%’BW'&WE@EF&"ﬂ@Ammwl s-3€0 pH

CTIAGTTACTTTGATCATGAGATTGACCTGTTACCCGTTGTTATTC 405
TCTGTAGCCATTTTGAGTTGTGTCTATTAGAACAGCTGTTAAATT 450
ACTTGAATCATTGAGGACATAGTCAATAATCTATTATGCTGATCC 495
AGTCAAGTCTATGAGTTATTTGAAAACTAGAATCTTTGTTAATTA 540

97
AsnVallLys
TTTIGTTTGCTTGTTTGTTTGTTTATTATTTGTCTAGAATGTAAAA 585

100 110

GluSerLeulLysLysProGluThrArgAsnPheThrProGluGlu
GAATCACTGAAGAAGCCAGAAACTAGAAACTTTACTCCTGAAGAA 630

120
PhePheSerIlePheAsnArgSerIleAspAlaPheLysAspPhe
TTCTTTAGTATTTTCAATAGATCCATTGATGCCTTCAAGGACTTC 675
130 140
MetValAlaSerAspThrSerAspCysValleuSerSerThrlLaeu
ATGGTGGCATCTGACACTAGTGATTGTGTGCTCTCTTCAACATTA 72Q

148

GlyProGluLysA
GGTCCTGAGAAAGGTAAGGCTTTTAAGCATTTCTTGTTTAAATGT 765
ACATAGAAAGCCTGAACTTCTGTAAGCCTCTACTGCTGAATCAAC 810
TAAA!GTGTfGCTGTAGAAAGAACGTGTGGGTTTTTCTGKTAAAA 855
ACAAAAAGCAAATATCAATGACTACCAATGATTATTATCTAGCTT SQ0
GAGAGATATGCCCTAAGACAGCGATTCTCGATATTTCTAAATTAA 945
AGAATTGTGTGATGGTGGCTCACATATTTTCTAACTGTGATATTT 930
GCCAGGAGAGTAGAATAATGTTATTCTTCATCCCCAGAATTCCTA 1035

AGATTTCACGTCTCATGTCTTTTCCATAAGGTTCAAACTCTGAGA 1080

FIGURE 148 cont



8.5, 1 mMglutathione, 0.02% (wt/vol) sodium azide. SCF concentration was
estimated as 150 [err]/m . After 60 h at roomtenperature [shorter tines
(e.g. -20 h) are 10 suitable also], with stirring, the m xture was
concentrated two-fold using a MIlipore Pellicon ultrafiltration apparatus
with three 10,000 nol ecul ar wei ght cutoff pol ysul fone nmenbrane cassettes
(15 ft2 total area) and then diafiltergsly, ainst 7 volunmes of 15 20 mM
Tris-HCO, pH 8. The tenperature during the concentration/ultrafiltration
was 4C, punpi nFTERAGTASTSALCHTFAGRGITIATIRTGRTQECCAETCIIE nl /M1 25 The
final volunme of recovered retentate was 26.5 L. By the use of SDS-PAGE
carried out botdCEAGNTEAETACHTANGAHHIAATCTAACTTRRTTGAPIFSTIAT i S BYTdent
that nost (>80% of the pellet fraction SCF is solubilized by the

i ncubati on wi t AMAACATEACGAGT TATHAKIAGE TCCECEOT AT DRt ARAGR TGN NMuibi gl e
species (forns) of SCF are present, as visualized by the SDS-PAGE of

unr educed sanplescTARECARGEC TEHGRA ML LT cEEPTERCPERACANEK | Y PXkdi zed
SCF (see below), migrates with apparent M of about 17,000 (unreduced)

relative to the@ptgegbacTiEcHrTrRIKESAdF@dERstclRsEr or figure 9.

O her fornms include naterigﬁlnigrating mﬁti appar ent %F&E?ﬁg%out gégso,ooo

(unreduced), thQUgl) ¢l R T AATCTAGACTTGGGAGGCAGACCCAGCACCTACTGT 1350
GATATTGCACTTCGCCTTTGGGGGACTCTATGATTCAAAAGTTCA 1395

150

SpSerArgV

CCATGTAACACTGACACATTATTGCTTTCTATTTAGATTCCAGAG 1440
160
alSerValThrlLysProPheMetLeuProProValAlaAlaSers
TCAGTGTCACAAAACCATTTATGTTACCCCCTGTEGCAGCCAGTT 1485
170 176

erlLeuArgAsnAspSerSerSerSerAsn '
CCCTTAGGAATGACAGCAGTAGCAGTAATAGTAAGTACACATATC 1530
TGATTTACTGCATGCATGGCTCCAAGTATCCTCTATAGGAGTGTT 1575
GCATGGACTTAAAGTTTATAAATCACTACTAATAATGCTGTTCTG 1620
TCACTGTITATTCCTTGTATGGGCTTCCTGACAATTAAATATCTGG 1665
TTTGTAGAATCGGATCTCCTTAGAGGTTAAGATGACCATGACAAA 1710
ATTAGGCCAATCAACTTTCTGCGAAGGTTATTTTAAATAAGGCAC 1755
GAAATTAATTGAAGGAAAAAAAAATACAAGCAAGGCCTTATTTTG 1800
AATCATGGTAGGCTTAARATAGACTTTGTGGAGAATGTCCCTGAT 1845
CAAAGTGGAGTTTTCAGATTTCAAGTGCATGTGCTAACTCTCCAC 1890
AATGTCAAGGCTATTTTCAGTTTTGTGTCTCCATATTTACTACTG 1935
CATGTTTGGAAATTTGCTGATGCTGTTAGATTACCTAAGAATGTA 1980

TGTTGAAGAAGAATGGACTTCTTTCCCTAAAATTTCTGTCCTCTT 2025

TGCCCAAGAACCCACGTTCCTGGAAGACTATCTTATTTTCATGTC 20790
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30 represent SCF with incorrect intrachain disulfide bonds; and bands
mgrating with apparent Ms in the range of 37,000 (unreduced), or greater,
t hought to represent various SCF fornms having interchain disulfide bonds
resulting in SCF pol ypeptide chains that are covalently 35 Ilinked to form
dinmers or larger oligonmers, respectively. The follow ng fractionation steps
resul t - 107 - in renoval of remai M3WpE. coli contam nants and of the
unwant ed SCF forns, such that SCF purified to apparent honogeneity, in

bi ol ogically active conformation, is obtained. 5 The pH of the
ultrafiltration retentate was adjusted to 4.5 by addition of 375 m of 10%

e o) A P tTaeAlr AR L AR PAPFERARAGACHHCH A RERC | Pl

pol nt ruc e preciplitated materi al

had settled to %&%gt} f E%\ {}E m%&{wﬁﬁre Qﬁc ted

and filtered tcﬁ'# ugg g}#oy]ge% gp i |?F§r a m n

conplete the clarification. The filtrate was_then
AAGAAAGTTCTCTGAAGTCCATGCTTTAGAATGTTTCTCTATCAA 2205
AACTTGACCTGGACCTTAAATAAAGCTATATTTAGTCTTTTTATC 2250
CCTGAAAAATATATTTCACAGTGTAGACATTTGATATACATCTAA 2295
GGGAAGGATGCTGCCAGAATGCTCGGGCTGGCAGTCTACAAAGTC 2340

CACTGCTCTCAGGATGGACTTCTGAAAGCGGAAATTGTGAACTGC 2385

ATGCATATAACATATCAGATCCTCGAGC 2413
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diluted 1.5-fold with water and applied at -4[err] to an S Sepharose Fast
Fl ow (Pharmacia) colum (9 x 18.5 cm 15 equilibrated in 25 nM sodi um
acetate, pH 4.5. The columm was run at a flowrate of 5 L/h, at 4[err].
After sanple application, the colum was washed with five colum vol unes
(-6 L) of colum buffer and SCF material, which was bound to the col um,
was eluted with a 20 gradient of 0 to23/86 M NaCl in colum buffer. Tota
gradi ent volunme was 20 L and fractions of 200 mM were collected. The
elution profile is depicted in Figure 33. Aliquots (10 [err] fromfractions
collected fromthe S-Sepharose colum were anal yzed by SDS-PAGE 25 carried
out both with (Figure 32 A) and wi thout (Figure 32 B) reduction of the
sanpl es. From such analyses it is apparent that virtually all of the

absor bance at 280 nm (Figures 32 and 33) is due to SCF material. 30

The correctly oxidized form predom nates in the major absorbance peak
(fractions 22-38, Figure 33). Mnor species (forns) which can be visualized
in fractions include the incorrectly oxidized nmaterial with apparent M of
18- 20, 000 on SDS- PAGE 35 (unreduceq;, present in the | eading shoul der of
the main ' =2 =20

M K X T QT W I I TS cr.

CTGGATCGCAGCGCTGCCTTTCCTTATGAAGAAGACACAAACTTGGATTATCACTTGCAT 60

~-10 ' 1
Y L Q L L L F NP LV KT Q E I C RN P
TTATCTTCAACTGCTCCTATTTAATCCTCTCGTCAAAACTCAGGAGATCTGCAGGAATCC 120
10 20
vV T D N VvV X DI T KU LV YV AUNILUPND Y M
TGTGACTGATAATGTAAAAGACATTACAAAACTGGTGGCGAATCTTCCAAATGACTATAT 189
30 40
I 7 L N ¥ V A G MM DV L P S H C W UL R D

GATAACCCTCAACTATGTCGCCGGGATGGATGTTTIGCCTAGTCATTIGTTGGTTACGAGA 240

50 o 60
M vV T HL SV SLTTTULTLUDTI KT PSNTIS

TATGGTAACACACTTATCAGTCAGCTTGACTACTCTTCTGGACAAGTTTTCAAATATTTC 300

70 80
BE G L S N Y s I I DIKULGI KTIUVDOD L W
TGAAGGCTTGAGTAATTATTCCATCATAGACAAACTTGGGAAAATAGTGGATGACCTCGT 360
90 "100
A C M E E N A PKNUVIKZESTULI KT KU PTET

GGCATGTATGGAAGAAAATGCACCTAAGAATGTAAAAGAATCACTGAAGAAGCCAGAAAC 420

110 120
R N # T P E E F P 8 I P N R S I D A F K
TAGAAACTTTACTCCTGAAGAATTCTTTAGTATTITCAATAGATCCATTGATGCCTTCAA 480
130 ) 140
D P M V A 8 DTS DCV L S S T L G P E
GGACTTCATGGTGGCATCTGACACTAGTGATTGTGTGCTCTCTTCAACATTAGGTCCTGA 5440

150 160
XK D 8 RV 8 V7T K P P M L PP V A A s s
GAAAGATTCCAGAGTCAGTGTCACAAAACCATTTATGTTACCCCCTGTTGCAGCCAGTTC 60C

170 180
L R ¥ D 8 8 8 8§ N 8 X ¥ T ¥ L I ¥ ¢ M H
CCTTAGGAATGACAGCAGTAGCAGTAATAGTAAGTACACATATCTGATTTACTGCATGCA 66(

1s0 133
G 8§ K Y P L
TGGCTCCAAGTATCCTCTATAGGAGTGTTIGCATGGACTTAMAGTT 70
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absor bance peak (fractions 10-21, Figure 32 B); and - 108 -

di sul fide-linked dinmer material present throughout the absorbance region
(fractions 10-38, Figure 32 B). Fractions 22-38 fromthe S- Sepharose col umm
wer e pool ed, and the pool was adjusted to pH 2.2 by 5 addition of about 11
m 6 N HCl1L and applied to a VWdac &4 colum (height 8.4 cm diameter 9 cn
equilibrated with 50% (vol /vol) ethanobg/g@.- 5 nM HC1 (solution A) and
operated at 4[err]. The colum resin was prepared by suspending the dry
resin in 80% (vol/vol) ethanol, 10 12.5 mMM HO (solution B) and then
equilibrating it with solution A PRrior to sanple application, a blank
gradient fromsolution Atosolutign B{6 L total volune) was applied and
the colum was then re- equi¥i t gd h solution A After sanple
application, 15 the col umm he ith 2.5 L of solution A and SCF
material, bound to the colud%, s eluted with a gradient fromsolution A
to solution B (18 L total volung) at T flowrate of 2670 m/h. 286

fractions of T

+1 e
i
I

149

97

40

19 39

18

-20

e L1
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50 m each were collected, and aliquots were anal yzed by 20 absorbance at
280 nm (Figure 35), and by SDS-PAGE (25 [err] 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 anounts of

I ncorrectly oxidized nononmer with M ut 18-20,000 (unreduced) eluted
| ater in the gradient (about fractions 166-211) and disul fide-I|inked diner
material al so elutggllater (about fractions 199-235) (Figure 35)]. 30

To renove ethan?I §§8n1the pool of fractions 62-161, and to concentrate the
SCF, the follow [ A e ' %da?qf Ph nci a)

i on exchange res Eé%%%%ﬁ@%bh$§gagbol EE L?ﬁébs [ Sgggﬂﬁftha&gter to a
vol unme of 15.625 L 1.agj ﬁaégégglq§¥%¥§g{ .fgbéﬁF boug 5 20%
(vol /vol). Then W%%%gggh?%% was c;a e ocﬁérc% ng t elapH %% 8,
109 - followed by 1 M IELasHd it tlocd &R I g the 456

Intarvening sequence of unknown length

AGATACTACAAAGATAAATCAGTTGCACAAGTTCTTGAAACTCTA 45

CAGTGTAATAAGGAAAAATAAGTCATGCATAAAAGCAACTATAAT S0

ACATAATAGAAAATGTTATTTTCAAGCCGATGTGTAGGTTATGTG 138
TGTTCGAGAGAGAGAGAGAGAAGACAGATTACTTTCTGCTAGGGT 180
TCAAGAATGCCTTCCTGTTGGCTAAGGAAATATTTITCCTTAAGTG 225
GCTAAAAAGCTGTGTTTCAAAATATTCTTTTGATGTCTCACAAAT 270
TCAGTGGAATTCTCTTAGGTCTAAAAATATACATCTCTCTCACTT 318
TAACTTGGTGTGCTATTGTAGATTATTGGATTAAAGCACTGCTCA 360
GGGATTATGCTGCTTCTTGCCAAGCAG*CTACATTTAAAGTAGAA 405
ATAAGATGTTTC:TTTGGTGCCATAAGGTATACATTTTATGCA!T 450
.CTCTAGTTTTTAGAAGAIACCCTAAGGGCTAAGTCTTTLACATGC 495
TGCTACAAGTTTATTCCTAATTGCCATTGGGAAATTGGCTGAAGA 540
AAGTTTTTAACAAAAGTTAACAATATTGTCATTGAGAGAATAATT 585
CAAAATGGATTTTAACTAAAAGCTTTTAAARACTTTGGTGAGCAT 630
AGCTTGAATGCGTAATATTTAATTGCATTTAAGCCAATAACATAT 675
ATTAGACTGGTCTTTTTGTGCATCAAGGCATTAGATGTTAAAAGT 720
TTGAATGATTACAGATCTTAACTGATGATCACCAAGCAATTTTTC 765

-20 -10

ThrTrplleLeuThrCysIleTyrLeuGlnLe
TGTTTTCATTTAGACTTGGATTCTCACTTGCATTTATCTTCAGCT 810
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total Tris concentration to 10 mM Next 10 mM Tris-HC, pH 8 (-15.5 L) was
added to bring the total volune to 31.25 L and the ethanol concentration to
about 10%5 (vol/vol). The material was then applied at 4[err] to a
colum of Q Sepharose Fast Flow (height 6.5 cm dianeter 7 cn) equilibrated
with 10 MM Tris-HCO , pH 8, and this was foll owed by washing of the colum

with 2.5 L of colum buffer. FIOM/ratgggﬁging sanpl e application and 10
wash was about 5.5 L/h. To elute the SCF, 200 nM NaCl, 10 niV

Tris-HC , pH 8 was punped in reverse direction through the colum at about
200 mi/h. Fractions of about 12 nl were coll eeted and anal yzed by

absor bance at u28MmIPaedsSPSoRACK 4. vATIRSLIYG b 8RYIAZIAG- 28 wer e
pool ed (157 nGCTCRRAPDDAATSRTSTHGTFASERAGRIAIFHeRABPBEFAFIA t wo BBpar at e
chromat ographic runs (78.5 ml applied for each) to a Sephacryl S-200 HR
(Pharmacia) gel filtratiohOcolum (5 x 138 cn) equikBibrated with

phosphat e- buf ngzefy X0Th sAbhAandta 14[yeradpVva FriacLysheuof about 15 nl were
col lected at addmTCACTARTAANGTARZAGRIGTCACTRARDTGETOAG TR Or poak of
material w th absorbance at 280 nmeluted in fractions correspondi ng

roughly to th%dﬂiﬁ¢éﬁhyﬂt@&&d@@@rthzjﬁﬁﬁbicci@aacﬁbcfﬁmrfracgugns

repr esenti ng
CCTGTGCTTGTTGATAAAAGATTTAGATTTTTCTTGCCCCAAAGT 890
AATGTTTTCCTAAAGTGGGGAAAGTAATCACTGGGTTACAATAAA 1035
GGGTTTATAGAAAGCAGGTAGTGAGATATTTAGGGTCATGGATAA 1080
TTTGTTGGTAAAACTGGCTAGTTGCACACCACTGCTGTGACTGLCT 1125
TCTTTGCTGGTCTTCTCCCCATCCTTCATAGGCAGTGAAGGACCT 1170
TGGAGAGTTCGCTGTGTGCTGATGGGLCTTGCCCCAGCTTGTTCCC 12158
CATAATCTCTCCAGTGGGTTTCCCAGCATGTTCTATTCCCCTTCA 1260
CATGTCTTCCTACTCTTCTTTAAAAAGCCTAACGAAAGGAAATCT 1305
GAAATGGCTATTCTCCCAATTCAATCAGCAGGAAGACCCTGTCAC 1350
ATGTCAGTGGGTGTTTGCTCCTTCAGGGAACRTAGAGAGGTGATT 1395

CATTGCCCACATGTTGAAGGGACTCATCTCCCTGGTTTGTCACAT 1440

TGAACTCTTCCCTCAGCGAAAGCATTTGCATTGCTTCCC 1479
Intervening sequence of unknown length

GAATTCCAAGATCACAGGTGGAAGCTGAAATTCAGATCATGTTTC 45
CAAAACTCAGTLGGTTATACCTAGCCAGGCATAACTGAA&TTGGA S0
GTCTAAAAGATCTGTATTATCACTTTITTTATTTTGAAGGATGCCT 135
TTTGATTACAGAGGGAAATCAAGGATTAAAAATCAATATACATGT 180

AAATATTGAAATTCATTGGTAACTTTAAAAAGCACAACAGTTTTG 225
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25 the absorbance peaks fromthe two colum runs were conbined into a
single pool of 525 m, containing about 2.3 g of SCF. This material was
sterilized by filtration using a MIlipore MIIlipak 20 nmenbrane cartridge.
30 Alternatively, material fromthe [err] columm can be
concentrated by ultrafiltration and the buffer exchanged by diafiltration,

prior to sterile filtration. The isolggﬁg reconblnant human [err] naterlal
is highly pure (>98% by SDS- PAGE with 9er- staining) and is

consi dered to b@MG@%ETM%W@?W%T%T?%T%%ﬁ%&TGUtI i27€d i n

Example 2, it is - 110 - found that the material has am no acid
conp05|t|on mat ching that expected from anal ysis of t hel8CF gene, and has
N-term nal amino acid sequence Met-Gu-Ay-lle..., as ¥rpé&dedd, with the
retention of 5 tMTwmm&T?ﬁﬁTTmfTﬁGW@ﬁcéﬁabﬁGTgﬁ%ﬁocedﬂrsss
conparable to those outlined for human SCF expressed in E. coli, rat
[err] (also 30

snLeuProLysAspTyrMetIleThrLeulysTyrValProGlyM
ATCTTCCAAAAGACTACATGATAACCCTCAAATATGTCCCCGGGA 360

39
etAspValLeu
TGGATGTTTTGGTATGTAAACTACATTTCTGAGTTTCATTTTAGT 408
AGCTCATAGAAGAAATGGGATCATTCATATTGAGATAGTACACTA 450
GCTGCTATTTAGGAGCTTGCTTATTGTCAGGATTITGAAGAATTTA 495

TCTTTGGAATTTGACTTGCAGGCTTTTTTTTCCCCCTCTT S3S
Intervening sequence of unknown length

CCTGTTACAAGAGTCCCTCCTCCTATTACAATAGTCCCTCCTCCT 45
CCTGTCACACTAGTCCCTTCTCTTCCTGTTACAATAACCCCTGTC 80
CTCCTATTACAACATTTTAAGTAATGTAATATTAATTTTAAAAAT 135
CTGGCCAGGCACGGTGGTTCATGCTTGTAATCCCAGCACATTGGG 180
AAGCTGAGACGGGTGGATCATTTGAGGTCAGGAAGTTTGAGACAG 225
CCTGGCCARCATGGTGAAACTTCCTCTCTACTAAAAATAAMAAAG 270
TAGCCAGGCATGGTGGCAGGCACTTGTAATCTGAGCTACTCGAGA 31s
GGCTGAGGCAGGAGAATCACTTGAGTAACTAAAACGATAGCTTTG 360
AAGAGTACTCCGAGTTTTATGGCACTTACTTATTARAATAGCTGT 405
40
ProSerHisCysTrplles
TTTGTCTCTTTTTITCATATCTTGCAGCCAAGTCATTGTTGGATAA 450
sa 60

erGluMetVaiValGlnLcuSorAspScrLeuThrAszeuLeuA
GCGAGATGGTAGTACAATTGTCAGACAGCTTGACTGATCTTCTGG 495
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present in insoluble forminside the cell after fernmention) can be
recovered in a purified state with 10 hi gh biological specific activity.
Simlarly, human [err] and rat SCF1 193 can be recovered. The rat [err],
during folding/oxidation, tends to formnore variously oxidized, species,
and the unwanted species are nore difficult to renmove chromatographically.
15 The rat [err] and hum@Ofgg r] are prone to proteolytic
degradation during the early stages of recovery, i.e., solubilization and
fol ding/oxidation. A primary site of proteolysis is |ocated between

resi dues 160 and 170. The proteolysis can b& m nim zed by 20 appropriate
mani pul ati on ofsproruitie HasAgnldeSeSCH oo fatrAonTyvaryld@IpH i ncl usion
of EDTA at 2-5aAd{acTTDTORAAPASTIENGAAHIOTTGAGTAATRYTICGATERd fF4® to the
extent that they are present can be renoved by appropriate fractionation
steps. 25 Wi | esthe use of urea for solubilizatsitn, and during
f ol di ng/ oxi dat i1@AsfSy SUbLIVALASNT VAL RS eAS plleeVaQdLNEY S VALINET

sol ubi i zi ng ageRiscRAROTES TERAT AT TGt cAecyTchchdrGomwrceo! ubsgszat i on
and 1.25 Mduring fol di ng/oxidation) and sodi um N-|auroyl sarcosine can be
30 utilized effectively. Upon rgggmoval of the agents after

ysGluAsnSerSerlLys
AAGAAAACTCATCTAAGGTAACTTTGIGTITCATTGGGATTATTTT 630

TCATTACGCTTCTCTAAAAACCCATGCTTCTTGGTGCTGTTGGGG 675
AAAATGAGGCACCTTTATTTATGATATTTTGATTGTATAAACTTC 720
AAATTTAAAAATCTTGTTCAGATGAGCAAAGAAAACAAGTATTTG 765

CAGTTATACTGCAATACTGAAGTGCACATTC 786
Intervening sequence of unknown length

TTGTGTTCACTGCCCCAGATTCAACTTGTGATCCCACTGGGATCA 45
CTACCCTGCATTACCAATCTGAATTACATACGTTARAACAGCCAT 90
CTAAAAGTGCTAGTTGTAAGAGTCTAAATACTTGAATCTTTGAGA 135
GACATATTTATAGTCCATTATCTTCACCTCAGTTAAGTCTGAAGA 180
87

AspleulLysL

CTATTTGAAAAATGTAATCCTATTTTTTCTTCTAGGATCTAAAAA 225
110
ysSerPhelysSerProGluProArglLeuPheThrProGluGluP
AATCATTCAAGAGCCCAGAACCCAGGCTCTTTACTCCTGAAGAAT 270
120 | 130
hePheArgIllePheAsnArgSerIleAspAlaPhelLysAspPheV
TCTTTAGAATTTTTAATAGATCCATTGATGCCTTCAAGGACTTTG 315
140

alvValAlaSerGluThrSerAspCysValValSerSerThrLeus
TAGTGGCATCTGAAACTAGTGATTGTGTGGTTTCTTCAACATTAA 360

FIGURE 158 cont.



fol di ng/ oxi dation, purified SCFs, as determ ned by SDS-PAGE, can be
recovered wth the use of appropriate fractionation steps. In addition,
while the use of glutathione at 35 .1 mM during fol ding/oxidation is a
preferred enbodi nent, other conditions can be utilized with equal or nearly
equal effectiveness. These include, for exanple, the use in place of 1 nM
gl utat hi one of 2 mM gl ut at hi one pl us @H66GM oxi di zed gl ut at hione, or 4 nM
gl ut at hi one plus 0.4 nM oxidi zed glutathione, or 1 mm5 2-nercaptoet hanol
or other thiol reagents also. In addition to the chromatographic procedures
descri bed, other procedyges which are useful in the recovery of SCFs in a

purified activg pg@lhﬂgggge hydr ophobi ¢ i nteracti on chromat ography [e.qg.,
the use of 10 harase{ B FReteA T apphrirAe L er §eRp! e @fs neutral

pH in the presenpe*of 1.7 Manmonium sul fate and eluting with a gradient of

decreasing a Eatlaa ToF Rt d X eeT AR ARGARTICH Adc 88 @MBE agE @phy

[e.g., the use of chel ating- Sepharose (Pharmacia) charged with [err]:
TGTTAAGCTGTAGCAAGATACATGCATGTACGTCTAATAAAAAAG 495

CAGATATCAATAGCACAGAAGAAA 519
Intervening sequence of unknown length

CTCTATAACTCATACAAATCACCATATAACACTGACACATTATTG 45

150 160
spSerArgValSerValThrLysProPheMetL
CTTTCTATTTAGATTCCAGAGTCAGTGTCACAAAACCATTTATGT S0
170
euProProvValAlaAlaSerSerlLeuArgAsnAspSerSerSersS
TACCCCCTGTTGCAGCCAGCTCCCTTAGGAATGACAGCAGTAGCA 135

176
aerAsni
GTAATAGTAAGTACATATATCTGATTTAATGCATGCATGGCTCCA 180
ATTAGCACCTATAGGAGTATTGCATGGGCTTTCAAGGAAACTTCT 225
ACATTTATTATTATTGATACTGTTCTGTTACTGTTATTCCTTTTA 270
TGGTCTTCTTGAGACTTAAGTTTGTAGAATTAAATTTCCCTAGAG 315

CTGGAGATAATGTTTAGAGAATTAGGCCAATAAATTT 352

FIGURE 15B cont.



15 ion, applying the sanple at near neutral pHin the presence of 1 nM
I m dazole and eluting with a gradient of increasing imdazole];
hydr oxyl apatite chromat ography, [applying the sanple at neutral pHin the
presence of 1 nM phosphate and eluting with a 20 gradi ent of increasing
phosphate]; and ot her procedures apparent to those skilled in the art.
Q her forns of human SCF, correspondi ig/6@ all or part of the open reading
frame encoding by amino acids 1-248 in Figure 42, or corresponding to the
open 25 reading frame encoded by alternatively spliced nRNAs that nmay
exi st (such as that represented by the cDNA sequence in Figure 44), can
al so be expressed in E. coli and recovered in purified form by procedures
simlar to those described in this Exanple, and by other procedures 30
apparent to those skilled in the art. The purification and formnul ati on of
forms including the so-cadd ed transnmendysane region referred to in Exanple
16 may involve the utilization &f detgrgenws,1incl adi 8g pongi gni G
det er gent AAGHTFGICCBTESSTTARGAMGAAGARESCANNTIT PRAT TP A TOACHT TT AT TFIPQS O ey,
structures. -
-10 1 10
L L L F NP LUV KTESGTITGCRNU RUYTN
CTGCTCCTATTTAATCCTCTCGTCAAAACTGAAGGGAT CTGCAGGAATCGTGTGACTAAT

121

20 30

N v K D VvV T KL V A NL P KD Y M I T 1L
AATGTAAAAGACGTCACTAAATTGGTGGCAAATCTTCCAAAAGACTACATGATAACCCTC 181

40 50
K ¥ v P G M D V L P S HCW I S E M V V

AAATATGTCCCCGGGATGGATGTTTTGCCAAGTCATTGTTGGATAAGCGAGATGGTAGTA 241

60 70
Q L §s D §s L T DL L D K F S8 N I S E G L
CAATTGTCAGACAGCTTGACTGATCTTCTGGACAAGTTTTCAAATATTTCTGAAGGCTTG 301

: 80 90
S N ¥ s I I D K L V N I V D D L V E C V
AGTAATTATTCCATCATAGACAAACTTGTGAATATAGTGGATGACCTTGTGGAGTGCGTG 361

100 1lio
K E N §s 8 K DL K K S F K S P E PRULF
AAAGAAAACTCATCTAAGGATCTAAAAAAATCATTCAAGAGCCCAGAACCCAGGCTCTIT 421

120 ' 130

T P E E F F R I F N R 8§ I DA F K D F vV
ACTCCTGAAGAATTCTTTAGAATTTTTAATAGATCCATTGATGCCTTCAAGGACLETTGTA 481

140 150
v A S E T §$s D C V VvV s s T UL S P E K D s

GTGGCATCTGAAACTAGTGATTGTGTGGTTTCTTCAACATTAAGTCCTGAGAAAGATTCC 541
160 170
R VS VT KPFMTLTPTPVAASSTLT RN
AGAGTCAGTGTCACAAAACCATTTATGTTACCCCCTGTTGCAGCCAGCTCCCTTAGGAAT 601
180 183

D s 8 s s N § XK ¥ IT Y L I
' GACAGCAGTAGCAGTAATAGTAAGTACATATATCTIGATTTAATGCATGCATGGCTCCAAT 661

TAGCACCTATAGGAGTATTIGCATGGGCTTTCAAGGAAACTTCTACATTTATTATTATTGA 721
TACTGTTCIGTTACTGTTATTCCTTTTATGGTCTTCTTGAGACTTAAGTTTGTAGAATTA 781

AATTTCCCTAGAGCTGGAGATAATGTTTAGAGAATTAGG ' 820

FIGURE 15C



- 112 - EXAMPLE 11 Reconbi nant SCF from Mammalian Cells A Fernentation of
CHO Cell s Produci ng SCF 5 Reconbi nant Chi nese hanster ovary (CHO cells
(strain CHO pDSR[ err]2 [err]) were grown on nicrocarriers in

a 20 liter
perfusion culture systemfor the production of human [err]. The fernentor
system 10 is simlar to that used for the culture of BRL 3A cells, Exanple

1B, except for the follow ng: The grogpliggedi um used for the culture of CHO
cells was a m xture of Dul becco's Mdified Eagle Medium (DVEM and Haml s

F-12 nutrient mxture in a 1.1 proportion (G BCO, 15 supplenented with 2
mM gl ut am ne, nonessenti al

am no acids (to double the existing

concentration by using 1:100. dilution of G bco #320-1140) and 5% feta

bovi ne serum The harvest nedi um was

i denti cal

except for the om ssion of

serum The reactor was inoculated with 5.6 20 x [err] CHO cells grown in

two 3-liter spinner flasks.

concentration of 4 x 105 cells/m. At this point 100 grans of

The cells were allowed to grow to a

-25 1
Human MEXTQTWILT CIYLQLLLEN PLVKTEGICR NRVTNNVRDV TKLVRNLp;g
Monkey MEXXTQTWILT CIYLQLLLEN PLVKTEGICR NRVTNNVEDV TKLVANLPXD
Dog MRXTQTWIIT CIYLQLLLEN PLVKTXKGICG KRVIDDVKDV TKLVANLPKD
Mouse MEKTQTWIIT CIYLQLLLFN PLVKTREICG NPVTDNVKDI TEKLVANLPND
Rat MEKTQTWIIT CIYLQLLLEN PLVKTQEICR NPVTDNVKDI TKLVANLPND
Consensus MEKTQTWILiT CIYLQLLLEN PLVKT.gICr narvVTdnVKDv TKLVANLPkD
75
Human YMITLKYVPG MDVLPSHCWI SEMVVQLSDS LTDLLDKEFSN ISEGLSNYSI
Monkey YMITLKYVPG MDVLPSHCWI SEMVVQLSDS LTDLLDKFSN ISEGLSNYSI
Dog YKIALKYVPG MDVLPSHCWI SVMVEQLSVS LTDLLDKESN ISEGLSNYSI
Mouse YMITLNYVAG MDVLPSHCWL RDMVIQLSLS LTTLLDKESN ISEGLSNYST
Rat YMITLNYVAG MDVLPSHCWL RDMVTHLSVS LTTLLDKFSN ISEGLSNYSI
Consensus YmItLkYVpG MDVLPSHCWiL s3.MVvqLS.S LTALLDKFSN ISEGLSNYSI
125
Human IDXLVNIVDD LVECVKENSS KDLEKKSFKS? EPRLETPEEF FRIFNRSIDA
Monkey IDKLVNIVDD LVECVEKENSS KDLEKSFRKSP EPRLFTPEEF FRIFNRSIDA
Dog IDKLVKIVDD LVECTEGYSF ENVKKAPKSP ELRLFTPEEF FRIFNRSIDA
Mouse IDKLGXIVDD LVLCMEENAP KNIKESPXRP ETRSFTPEEF FSIFNRSIDA
Rat IDKLGKIVDD LVACMEENAP KNVEKESLKKP ETRNFTPEEF FSIFNRSIDA
Consensus IDRKLvkIVDD LVeC.eens. kn.XKks.KsP E.RIFTPEEF FrIFNRSIDA
174
Human FKDF.VVASE TSDCVVSSTL SPEKDSRVSV TKPFMLPPVA ASSLRNDSSS
Monkey FKDF.AVASE TSDCVVSSTL SPEFDSRVSV TXPFMLPPVA ASSLRNDSSS
Dog FKDLETLASK SSECVVSSTL SPDKDSRVSV TKPFMLPPVA ASSLRNDSSS
Mouse FXDF.MVASD TSDCVLSSTL GPEXKDSRVSV TXPFMLPPVA ASSLRNDSSS
Rat FXDF.MVASD TSDCVLSSTL GPEXDSRVSV TKPFMLPPVA ASSLRNDSSS
Consensus FXDf.mvAS. t£SdCVvSSTL sPeKDSRVSV TXPFMLPPVA ASSLRNDSSS
2214
Human SNRXAXNPPG DSSLHWAAMA LPALFSLIIG FAFGALYWKK RQPSLTRAVE
Monkey SN
Dog SNRXASNSIG DSNLQWAAMA LPAFFSLVIG FAFGALYWKK KQPNL
Mouse SN
Rat 8N ,
Consaensus SNRXA.N..G DS.L.WAAMA LPA.FSL.IG FAFGALYWKK .QP.L
248
Human NIQINEEDNE ISMLQEXZIRE FQEV

FIGURE 16



presterilized cytodex-2 mcrocarriers (Pharmacia) were added to the reactor
as a 3-liter suspension in 25 phosphate buffered saline. The cells were
allowed to attach and grow on the microcarriers for four days. G owh
medi um was perfused through the reactor as needed based on gl ucose
consunption. The glucose concentrati on was mai ntai ned at approximately 2.0
g/L. After four 30 days, the reactor vwg/ggrfused with six volumes of
serumfree mediumto renove nost of the serum (protein concentration <50
[err]/m ). The reactor was then operated batch-w se until the gl ucose
concentration fell below 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 naintained at 6.9 [err] - 113 - 0.3 by adjusting
the [err] flowrate. The dissolved oxygen was nai ntai ned hi gher than 20% -
of air saturation by supplenenting wth pure oxygen as necessary. The
tenperature was nmaintained at 37 0.5 C 5 Approxi mately 450
liters of serumfree

HindIII
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condi tioned nedi um was generated fromthe above system and was used as
starting material for the purification of reconbi nant human SCF1162.

Approxi mately 589 liters of serumfree 10 conditioned nediumwas al so
generated in simlar fashion but using strain CHO pDSR err]2 [err] and used
as starting material for purification of rat [err]. B. Purification of
Reconbi nant Mammal i an Expressed Rat 1254([6?” Al purification work was
carried out at 4[err] unless indicate therwise. 20 1. Concentration and
D afiltration Conditioned nedi um generated by serumfree gromh of cel
strain CHO pDSR[err]2 rat [err] as perforned in Section A above, was
clarified by filtration thru 0.45 [err] Sartocapsules (Sartorius). 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
condi ti on nmedi umwas concentrated to -500 m using a 30 MIlipore Pellicon
tangential flowultrafiltration apparatus with three 10,000 nol ecul ar

wei ght cut of f

Sall
3000

6732

5000

FIGURE 18



cel lul ose acetate nmenbrane cassettes (15 ft2 total nmenbrane area; punp rate
-2,200 M/mn and filtration rate -750 mM/mn). Diafiltration/buffer
exchange in 35 preparation for anion exchange chromatography was then
acconpl i shed by adding 1000 m of 10 mM Tris-HO, pH -114- 6.7-6.8 to

t he concentrate, reconcentrating to 500 ml using the tangential flow
ultrafiltration apparatus, and repeati3g/géis 5 additional tinmes. The
concentrated/diafiltered preparation was finally 5 recovered in a vol une of
1000 m . The behavior of all conditioned nmedi um batches subjected to the
concentration and diafiltration/buffer exchange was simlar. Protein
concentrations for the batches, determ ned by the nethod of Bradford [Anal.
Bi och. 72, 10 248-254 (1976)] with bovine serum al bum n as standard, were
in the range 70-90 [err]/m . The total volunme of conditioned nmedi um

utilized for this preparation was abgut 589 L. 15 2. Q Sepharose Fast Fl ow
Ani on Exchange Chronat ogr aphy =

.....

......

pCFM1156

SstIIl
4500
2500

HindIII
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The concentrated/diafiltered preparations fromeach of the five conditioned
medi um bat ches referred to above were conbined (total volunme 5 000 mM). pH
was adjusted to 6.75 by adding 1 MHO. 2000 mM of 10 MM 20 Tris-HO, pH
6.7 was used to bring conductivity to about 0.700 mmho. The preparation was
applied to a Q Sepharose Fast Fl ow ani on exchange colum (36 x 14 cm

Phar maci a Q Sepharose Fast Fl ow resin)3@ig&h had been equilibrated with the
10 MM Tris-HO, pH 6.7 buffer. 25 After sanple application, the colum was
washed with 28,700 m of the Tris buffer. Follow ng this washing the colum
was washed wth 23,000 m of 5 nmM acetic acid/1 mM glycine/6 M ureal 20
[err] [err] at about pH 4.5. The colum was then washed with: 10 mM
Tris-HO, 30 20 [err] [err], pH 6.7 buffer to return to neutral pH and
remove urea, and a salt gradient (0-700 MM NaC in the 10 nM Tris-HO, 20

[err] [err] pH 6.7 qu r; 40 L total volune) was applied} Fractions of
about 490 mM were cqllegted at a flow rate of about 3,250{m /h. The 35
chromatogramis shown i n\Figure 36. "MJ9 cpni refers to|biol ogical
activity in the MJ ¢
O
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i ndi cated fractions was assayed. Eluates collected during the sanple
application and washes are not shown in the Figure; no biological activity
was detected in these fractions. 5 3. Chromatography Using Silica-Bound
Hydr ocarbon Resin Fractions 44-66 fromthe run shown in Figure 36 were
conbi ned (11,200 m ) and EDTA was added to a final concentration of 1 nmM
This material was 10 applied at a flow7/gee of about 2000 m/h to a C4
colum (VWydac Proteins [err]; 7 x 8 cm equilibrated with buffer A (10 nmM
Tris pH 6.7/ 20% et hanol ). After sanple application the colum was washed
with 1000 m of buffer A A linear gradient frombuffer Ato buffer B 15
(10 MM Tris pH 6.7/94% et hanol) (total volune 6000 m ) was then applied,
and fractions of 30-50 m were collected. Portions of the C4 colum
starting sanpl e, runthrough pool and wash pool jn additiongo 0.5 ni
aliquots of the gradvi@widtacti ons were di al yzed agai nst 20

phosphat e-buffered saline in preparation for biological assay. These
various fractions were-gegayed by the MJ/9 assay (5 [err] aliquots of the
prepared gradi ent fractions;

97.4 —

68 — AP ame o

&

43 —

s,

184 —

143 —
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cpmin Figure 37). SDS-PACE [Laemm i, Nature 227, 680-685 (1970); stacking
gel s contained 4% (wv) 25 acryl am de and separating gels contained 12. 5%
(wv) acrylam de] of aliquots of various fractions is shown in Figure 38.
For the gels shown, sanple aliquots (100 [err]) were dried under vacuum and
then redi ssolved using 20 [err] sanple treatnent buffer (reducing, i.e.,
with 30 2-nercaptoethanol) and boil e?g‘/ﬁg 5 mn prior to |l oading onto the
gel . The nunbered marks at the left of the Figure represent mgration
positi ons of nol ecul ar wei ght- markers (reduced) as in Figure 6. The
nunbered | anes represent the corresponding fractions collected during 35
application of the last part of the gradient. The gels were silver-stained
[ Morrissey, Anal. Bioch. 117, 307-310 (1981)]. - 116 - 4. Q Sepharose
Fast Fl ow Ani on Exchange {Chr opat ggr aphy sFr actg ons7 98-424 f&ﬁg&h&g [err]
colum shown in Figure 37 were pooled (1050 m ). The pool luted 1:1
wth 10 MM Tris, pH 6.7 buffer to reduce ethanol

|

— 43

" — 29

18.4
143
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5 concentration. The diluted pool was then applied to a Q Sepharose Fast
Fl ow ani on exchange columm (3.2 x 3 cm Pharmaci a Q Sepharose Fast Fl ow
resin) which had been equilibratd with the 10 nM Tris-HC , pH 6.7 buffer.
Flow rate was 463 m/h. After sanple application the 10 colum was washed
with 135 m of columm buffer and elution of bound material was carried out
by washing with 10 mM Tris-HCO, 350 nio¥gg! ., pH 6.7. The flow direction of
the col um was reversed in order to mnimze vol ume of el uted material, and
7.8 m fractions 15 were collected during elution. 5. Sephacryl S-200 HR
Gel Filtration Chromatography Fractions containing eluted protein fromthe
salt wash of the Q Sepharose Fast Fl ow ani on exchange 20 col um were pool ed
(31 mM). 30 m vvas applied to a Sephacryl S-200 HR (Pharmacia) gel
filtration c (5 x $5.5 frr) egw I |pratgd |n6phosghate buf ered sal i ne.
Fractions of were collected at aflowraté of 68 m§hr Fract’i ons
correspondi ng to e peak 25 -of absorbance at 280 nm were pool ed and

repr esent thefl% I4pur|f|ed material. 30 35. -4
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- 117 - Table 15 shows a sunmary of the purification. TABLE 15. 5
Summary of Purification of Mammali an Expressed Rat [err] Total Step

Vol unme(m ) Protein (ng)* Conditioned medi um (concentrat ed) 7,000
28,420 10 Q Sepharose Fast Fl ow 11, 200 974 C4
resin 1, 050 19 Q Sephar ose Fast
Fl ow 31 43 6Sephacryl S-200 HR

82 19 *Determ ned by the nethod of Bradford (supra, 1976). 15

**Determ ned as 47.3 ng by quantitative am no acid anal ysis using

met hodol ogy simlar to that outlined in Exanple 2. The N-term nal am no
acid sequence _of purified rat [err] is approxinmately half G@n-Qu-lle..
and 20 half |[PyroQu-Qu-lle..., as determ ned by the nethods outlined in
Exanple 2. This resuit indicates that rat [err] is the product of

proteol ytic pgrocessing/cl eavage between the residues indijcated as
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nunbers (-1) (Thr) and (+l) (An) in Figure 14C. 25 Simlarly, purified
human [err] fromtransfected CHO cell conditioned nmedi um (bel ow) has
N-term nal amno acid sequence Qu-Ay-lle, indicating that it is the
product of processing/cleavage between residues indicated as nunbers (-1)
(Thr) and (+1) (Gu) in 30 Figure 15C. Using the above-described protoco
wll yield purified human SCF protei ngigggher reconbi nant forms expressed
in CHO cells or naturally derived. Additional purification nmethods that are
of 35 wutility in the purification of manmalian cell derived reconbi nant
SCFs include those outlined in Exanples 1 - 118 - and 10, and ot her

net hods apparent to those skilled in the art. O her fornms of human SCF,

corresponding to all or part ef—+he—epen—+eadinrg—f Bame encoded by am no
acids 5 1-248 shown in Figur¢ correspondithg to the open reading
frame encoded by alternatively MRNAS Z:E
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that may exist (such as that represented by the cDNA sequence in Figure
44), can al so be expressed in manmalian cells and recovered in purified
formby 10 procedures simlar to those decribed in this Exanple, and by

ot her procedures apparent to those skilled in the art. C. SDS-PAGE and

d ycosi dase Treatnments 15 SDS- PAGE of pool ed fractions fromthe Sephacryl
S-200 HR gel filtration colum is showgoiggFigure 39; 2.5 [err] of the pool
was | oaded (lane 1). The |l ane was silver-stained. Ml ecul ar weight markers
20 (lane 6) were as described for Figure 6. The different mgrating

mat eri al above and slightly below the M 31,000 nmarker position represents
the biologically active material; the apparent heterogeneity is largely due
to t he heter ogeneity—in—glyecosylation—25 To characterize the
gl ycosyl ation quified mat eri al

was treated with a variety of—gfycosidases,
anal yzed by SDS-|PAGE ggizg et B e DY i
si | ver-staining. ' - Urlfi hi dase.
Lane 3, 30 neur § nidase,
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O gl ycanase and N-gl ycanase. Lane 5, neuram ni dase and N-gl ycanase. Lane 7,
N- gl ycanase. Lane 8, N-glycanase wi thout substrate. Lane 9, O glycanase
wi t hout substrate. Conditions were 10 mM 3-[(3-chol am dopropyl) 35 di et hyl

ammoni ol -1 - propane sul fonate (CHAPS), 66.6 mM 2-nmer capt oet hanol, 0.04%
(wt/vol) sodium azide, phosphate buffered saline, for 30 mn at 37[err],
f ol | owed 119 - by incubation at halyf3/gf described concentrations in

presence of glycosidases for 18 h at 37[err]. Neuram nidase (from
Art hrobacter ureafaciens; supplied by Cal biochem) was used at 0.5 units/n
final 5 concentration. O dycanase (CGenzyne; endo-al pha-N acetyl

gal act osam ni dase) was used at 7.5 mlliunits/mM. N dycanase (CGenzyne;
pepti de: N-glycosidase F;, peptide- [err][ N acetyl-beta-glucosam nyl]
aspar agi ne anldase) was used at 10 units/nl. 10 Wher e
appropriate, va ' These i ncl uded:
I ncubati on w thout glyc03|dases to verlfy that results Wwere dlie to the
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gl ycosi dase preparations added; incubation with glycosylated proteins (e.g.
gl ycosyl ated reconbi nant 15 hunman erythropoietin) known to be substrates
for the glycosidases, to verify that the glycosi dase enzynes used were
active; and incubation with glycosidases but no substrate, to judge where

t he gl ycosi dase preparations were contributing to or obscuring the 20
visual i zed gel bands (Figure 39, |ane4$/6éd 9). A nunber of concl usions
can be drawn fromthe experinents descri bed above. The various treatnents
wi th N-glycanase [which renoves both conpl ex and hi gh- mannose N-1inked
carbohydrate (Tarentino et al., 25 Biochemstry 24, 4665-4671 (1988)],
neur am ni dase (which renoves sialic acrd resi dues), and O gl ycanase [mhrch

renoves certain O inked carbohydmate@ (Lanbrn et al., Biochem Soc. Trans.
12, 599-600 (1984)], suggest thatF bbth lichked and O Ii nked
carbohydrates are 30 present; an 8I|C>acr Is present, with at | east
sone of it being part of the C>I| noi The fact that treatnent
wi th N-glycanase can convert the Eog mat eri al apparent by
SDS- PACE to a faster- mgrating f&rm much nore honobgeneous
i ndicates 35 that all of the mategjal re es ts the sane
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pol ypeptide, with the heterogeneity being caused mainly by heterogeneity in
gl ycosyl ati on. - 120 - EXAMPLE 12 Preparation of Reconbi nant SCFl1 164PEG
Rat [err], purified froma reconbinant 5 E. coli expression system
according to Exanpl es 6A and 10, was used as starting material for
pol yet hyl ene gl ycol nodification described bel ow. Methoxypol yethyl ene
gl ycol -succi ni m dyl succinate (18.1 ny}5/6% 63 unol; SS-MPEG = Si gnma
Chem cal 10 Co. no. M152, approximate nol ecul ar weight = 5,000) in 0.327
nmL dei oni zed water was added to 13.3 ng (0.727 unol) reconbinant rat [err]
in 1.0 nL 138 nM sodi um phosphate, 62 mM NaCl, 0.62 nmM sodi um acetate, pH
8.0. The resulting solution was shaken gently (100 rpm at 15 room
tenperature for 30 nminutes. A 1.0 pl aliquot of the final reaction mxture
(10 nmg protein) was then applied tol%aa P@arrracia Superdex 75 gel filtration
colum (1.6 x 50 cm) and eluted w tl¥ 10Q nM sodi um phosphat e,
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pH 6.9, at a rate of 0.25 nL/mn at roomtenperature. 20 The first 10 nL
of colum effluent were discarded, and 1.0 nL fractions were coll ected
thereafter. The UV absorbance (280 nm of the colum effluent was nonitored
continuously and is shown in Figure 40A. Fractions nunmber 25 through 27
were conbined and sterilized by 25 wultrafiltration through a 0.2 [err]

pol ysul f one nenbrane (Gel man Sci enceségg)/ 6’4454) and the resulting pool was
desi gnated PEG 25. Likew se, fraction ﬁ nber 28 through 32 were conbi ned,
sterilized by ultrafiltration, and designated PEG 32. Pool ed fraction

PEG 25 contained 30 3. 06 rrg prote| n and pool ed fractlon PEG 32 cont ai ned

bration

an absorbance of 0L 66 for alo rrg/m_ sol utlon of unm)dlfled rat [ nr].
Unreacted rat [€rrf, representing 11.8% of the tot protein in 35 tihe
reaction mxture® fvas eluted in fractions nunber 34 to 37. Under sjirilar
chr omat ogr aphi c18&ondi ti ons, - 121 - unnodified r&t [err]'l'was el jutjed as a
maj or peak ‘%th16 s i D o————9
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a retention volume of 45.6 nL, Figure 40B. Fractions nunber 77 to 80 in

Fi gure 40A contai ned N hydroxysuccini m de,

5

a by-product of the reaction of

rat [err] with SS-MPEG Potentially reactive amno groups in rat [err]

include 12 lysine residues and the al pha am no group of the N-termnal

glutamne resid
am no 10 group

ue.

s per nol of protei

Pool ed fracti on PEG 25 contai ned 9.3 nol

of reactive

n, erm ned by spectroscopic

titration with trinitrobenzene sulfonic acid (TNBS) using the nethod

descri bed by Habeeb, Anal.

fraction PEG 32
13. 7 nmol of
an average of 3
fracti on PEG 32

average of 4.4 am ng

nodi fi ed. Human
t he procedurgs
reacted-mﬁthOQG

PLATELETS [K/

HEMATOCRIT (%)

cont ai ned 10. 4 nol

reactive am no groups per
3. 7 mpus—10- /1\

Bi ochem 14:328- 336 (1966).

Li kew se,
and unnodified rat [err] 15
mol of protein,

pool ed
cont ai ned
respectively. Thus,

Serri=t

wer € nodified by reactlon mnth SS-NPEG. Slnllarly, an
b groups of 20 rat [err] in pooled fraction PEG 25 were
4§$§%[err] produced as in Exanple 10 was al so nodified jusi ng
no eg above. Specifically, m ng (38.5 unol) [err] werle
2.5 Eg (192.5 unol) SS- MPEG i 75 m. 0.1 MJ}. T
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25 sodi um phosphate buffer, pH 8.0 for 30 m nutes at roomtenperature. The
reaction mxture was applied to a Sephacryl S 200HR colum (5 x 134 cn) and
eluted with PBS (G bco Dul becco's phosphate-buffered saline without [err]
and [err]) at a rate of 102 m./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 Figure 40A, were pool ed apg/d@und to contain a total of 354 ny
of protein. In vivo activity of this nodified SCF in primtes is
presented in Exanple 8C. 35 - 122 - EXAWPLE 13 SCF Receptor Expression
on Leukem c Bl asts Leukem-c. SieS WEH-E, Jgaggvested fromthe 5 peripheral

bl ood of a patient wgh a Kk a. The cells were purified
by density gradi ent GE&is ‘:en B dep tion. Human [err] was
i odi nat ed accordi ngg# Wb e THE  cel |'s were incubat ed
with different concég >

IGURE 21
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10 of iodinated SCF as described [Broudy, Blood, 75 1622-1626 (1990)]. The
results of the receptor binding experinment are shown in Figure 41. The
receptor density estimated is approxinmately 70,000 receptors/cell. 15
EXAMPLE 14 Rat SCF Activity on Early Lynphoid Precursors The ability of
reconbi nant rat [err] [err], to act synergistically wwth IL-7 to 20 enhance
| ynphoid cell proliferation was studi e49jg6 agar cul tures of nouse bone
marrow. In this assay, the colonies formed with [err] alone contained
nonocytes, neutrophils, and blast cells, while the colonies stinulated by
IL-7 alone or in conbination with 25 [err] contained primarily pre-B
cells. Pre-B cells, characterized as B220+, slg[err] , [err] were
identified by FACS analysr% of pooled cells using fluorescence-| abel ed

anti bodi es toathe B220 antd gen [ CSff mah, |Ahunof? Re¥'., 69, 5 (1982)] and
to surface Ig 30 (FITC—goat anvu K, 180utnern25|otechnolmgy Assoc

Bi rm ngham AL); and = R 1

expressi on ugmng {%
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obt ai ned
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35 from Bi osource International (Westlake Village, CA). Wen [err] was
added in conbination with the pre-B - 123 - cell growh factor IL-7, a
synergistic increase in colony formati on was observed (Table 16),
indicating a stinulatory role of [err] on early B cell progenitors. 5 Table
16. Stinulation of Pre-B Cell Colony Formation by [err] in Conbination with

hiL-7 10 Gowh Factors 50/6% ony Nunber[err] Saline

O [err] 200 ng 13 2 100 ng 7 4
15 50 ng 4 2 rhlL-7 200 ng

21 6 100 ng 18 6 50 ng 13 6 25 ng

4 2 20 rhlL-7 200 ng + [err] 200 ng 60 O

------ (NW) 1DBN
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100 ng + 200 ng 48 850 ng + 200 ng 24 10

25 ng + 200 ng 21 2 25 1 Nunber of colonies per 5 x 104
nouse bone marrow cells plated. Each value is the nmean of triplicate dishes
SD. 30 35 - 124 - EXAWMPLE 15 ldentification of the Receptor for SCF A

c-kit is the Receptor for SCFl 164 5 To test whether [err] is the Iigand
for c-kit, the cDNA for the entire nurgpygge-kit [Qu et al., EMBO J., 7,
1003-1011 (1988)] was anplified using PCR fromthe SCF1 164 responsive mast
cell Iine MJJ9 [Nabel 10 et al., Nature, 291, 332-334 (1981)] with priners
designed fromthe published sequence. The |igand binding and transnmenbrane
donai ns of human c-kit,
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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, Science, 216, 1233-1235
(1982)]. The c-kit cDNAs were inserted into the mammal i an expression vector
V19.8 transfected into COS-1 cells, and nenbrane fractions prepared for

bi ndi ng assays using 20 either rat or %ﬂﬂgn [err] according to the nethods
described in Sections B and C bel ow. T5 € 17 shows the data froma typical
bi ndi ng assay. There was no detectable specific binding of [err] human
[err] to COS-1 cells transfected with V19.8 al one. However, 25 COS-1 cells
expressi ng human reconbi nant c-kit |igand binding plus transnmenbrane
domains (hckit-LT1) did bind [err] (Table 17). The addition of a 200 fold
nol ar excess of unl abelled h [ bi ndi ng to background

| evels. Simlarly, ©€CO8 '1?CEI5§P20-ﬁﬁtkﬂaygﬁhggamnth the full length nmurine
c-kit (nckit-LlI) bound rat [err]. A small anpbunt of rat [err] binding was
detected in COS-1 cells transfectants with V19.8 al one, and has al so been

observed in untragsfected cegls (not chown), ind cating 3® that COS-1
cell s express enddapenous c-Rtt. Thlsﬁllndlng 0

‘ T T Y T Y Y T Y v Y T L A Snm

FRACTION #

62 82 102 122 142 162 182 202 222 242 262

0.60
050
0.40 r
0.30
0.00

— ({OF X) WwiOogc O

FIGURE 35



is in accord with the broad cellular. distribution of - 125- c-kit
expression. Rat [err] binds simlarly to both human and nurine c-kit,
while human [err] bind with |ower activity to nurine c-kit (Table 17). This
data is consistent with the pattern of [err] 5 cross-reactivity between
species. Rat [err] induces proliferation of human bone marrow with a
specific activity simlar to that of II§By@® [err], while human [err] i nduced
proliferation of nmurine mast cells occurs with a specific activity 800 fold
| ess than the 10 rat protein. In summary, these findings confirmthat the
phenotypi c abnormalities expressed by Wor S1 nutant mce are the
consequences of primary fects {n KjA 1 | i gand i nteractions which
are critical for the 1‘5—d®e el %}m%\]dbdl %?lel types. Table 17.

[err] Binding to Reconmbinant c-kit Expressed in COS-1 Cells. 20
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CPM Bound[err] Plasm d Human [err] Rat [err]

Transf ect ed [err] [err] [err] [err] 25 V19.8 2,160
2, 150 1,100 550 V19.8: hckit-LT1 59, 350 2, 380
70, 000 1,100 V19.8:ntkit-L1 9, 500 1,100 52, 700

600 30 a The average of duplicate neasurenents is shown; the experinent
has been independently performed withsqmg ar results three times. b 1.6 nM
human [err] ¢ 1.6 nMhuman [err] + 320 nM unl abell ed human [err] d 1.6
nNMrat [err] 35 e 1.6 nMrat [err] + 320 nMunl abelled rat [err] - 126

- B. Reconbi nant c-Kki si oRyi - man and murine c-kit
cDNA cl ones were deriSe?ﬁEg P %mué‘@/‘[@il i et al., Science, 5
239, 487-491 (1988)] fromtotal RNA isolated by an acid phenol/chl orof orm
extraction procedure [Chontzynsky and Sacchi, Anal. Biochem, 162, 156-159,

(1987)] fromthe human erythrol eukem a cell line EEL and MJ 9 cells,
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respectively. Unique sequence oligonucleotides were 10 designed fromthe
publ i shed human and nmurine c-kit sequences. First strand cDNA was
synt hesi zed fromthe total RNA according to the protocol provided with the
enzynme, M- MV reverse transcription (Bethesda Research Laboratori es,
Bet hesda, MD), using c-kit antisense 15 oligonucleotides as priners.
Anmplification of overlapping regions d5id®¥ c-kit |igand binding and
tyrosi ne ki nase domai ns was acconpl i shed using appropriate pairs of c-kit
primers. These regions were cloned into the manmal i an expressi on vector
- V19.8 20 (Figure 17) for exppeg@ng .1_cel DRARS equenci ng of

several clones reveal ed |ndep$ndent mut at i o, pr. m&yle arising during
PCR anplification, in every one. A clone e of theeRrutations was
constructed by reassenbly ofr tation-fred triction 28 fragnments from
separate clones. Sone=diffefences from t}bl i shed sé@ience appeared in
all or in about half of the ¢lones; theseg ~concludedg@ o be the actual
sequences present in the=cel li nes used may represdht allelic
differences fromthe pr|IShL 30 seque ® The follo@ng plasm ds were
constructed in V19. 8: V13.8.hck|t LT1, teeuk e nurineg@-kit; and
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V19. 8: hckit-LlI, containing the ligand binding plus transnenbrane regi on
(am no acids 1-549) of human c-kit. The plasm ds were transfected into
COS-1 cells 35 essentially as described in Exanple 4. - 127 - C Jerr]
Binding to COS-1 Cells Expressing Reconbi nant c-kit Two days after
transfection, the COS-1 cells 5 were scraped fromthe dish, washed in PBS,
and frozen until use. After thaw ng, tde/gglls were resuspended in 10 nM
Tris-HO, 1 nmM[err] containing 1 nM PNMSF, 100 [err] aprotinin, 25 [err]

| eupeptin, 2 [err] pepstatin, and 200 [err] TLCK-HC . The suspensi on was 10
di spersed by pipetting up and - down 5 tines, incubated on ice for 15

m nutes, and the cells were honbgeni zed with 15-20 strokes of a Dounce
honogeni zer. Sucrose (250m\V) was added to the honbgenate, and the nucl ear
fraction and residual undisrupted cells were pelleted by 15 centrifugation

at 500 x g for 5 mn. 13iThe supRrnatalt wasdcent§ fuged at 28,0003y forz30
mn. at 4C to pellgt -
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the remaining cellular debris. Human and rat SCF were radi oi odi nated using
chloram ne-T [Hunter and G eenwood, Nature, 194, 495-496 (1962)]. COCSs-1
menbrane 20 fractions were incubated with either human or rat [err]

(1.6nM with or without a 200 fold nolar excess of unlabelled [err] in

bi ndi ng buffer consisting of RPM suppl enented with 1% bovi ne serum al bum n
and 50 nM HEPES (pH 7.4) for 1 h at 22§7 25 the conclusion of the

bi ndi ng i ncubation, the nmenbrane prepafra ns were gently layered onto 150
[err] of phthalate oil or 20 mnutes in a Becknman

M crofuge 11 toase ] The pellets
were 30 clipped offf and nenbrane associated [err] was quafftitated. 35 -

128 - EXAMPLE 1gsgl g0l ati on of a Hunan SCF cDNA A. Construcilion of the
HT- 1080 cDNA Li brarly
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5 Total RNA was isolated from human fibrosarcoma cell |ine HT-1080 (ATCC
CCL 121) by the acid guanidi niumthi ocyanat e- phenol -chl orof orm extracti on
nmet hod [ Chontzynski et al., Anal. Biochem 162, 156 (1987)], 10 and

pol y(A) RNA was recovered by using oligo(dT) spin colum purchased from

Cl ontech. Doubl e-stranded cDNA was prepared from2 [err] poly(A) RNAwth a
BRL (Bet hesda Research Laboratory) cq*y nthesis kit under the conditions
reconmended by the supplier. Approximately 15 100ng of colum fractionated
doubl e-stranded cDNA with an average size of 2kb was |igated to 300ng
Sal I/ Notl digested vector pSPORT 1 [D Alessio et al., Focus, 12, 47-50
(1990)] and transfornmed into DH5[err] (BRL, Bethesda, MD) cells by

el ectroporation [Dower et al., Nucl. Acids 20 Res., 16, 6127-6145 (1988)].
B. Screening of the cDNA Library Approximately 2.2 x [err] primary
transformants 25 were divided into 44 pools with each containing -5000

i ndi vidual clones. Plasm d DNA was prepared from each pool by the CTAB- DNA
precipitation--method as described [Del Sal et al., Biotechniques, 7, '
514-519 (1989)]. Two m crograns of each plasm d DNA pool was digested with
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30 restriction enzynme Notl and separated by gel el ectrophoresis.

Li neari zed DNA was transferred onto GeneScreen Pl us nenbrane (DuPont) and

hybri di zed with 32P-| abel ed PCR generated hunan 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 containing positive signal were

identified from - 129 - the hybridig ?%@n. These pools of colonies were

rescreened by the col ony-hybridi zati on % edure [Lin et al., Gene 44,

201-209 (1986)] until a single colony was obtained fromeach pool. The cDNA

sizes of these 5 three isolated clones are between 5.0 to 5.4 kb.

Restri cti orceozyzcdgreidERAgGadc TerdceahcORcERqRenGeAdREeEtENRIdRN ak t he

5 end indicate that two out of the three clones are identical (10-la and

21-7a) . ThegshatIACCORANIGTIFRACTAMCTELIGEGRFE G EIRFTSopAORTTGatebycfiftp @b 25"

10 wuntranslated region (S UTR). The third clone (26-1a) is roughly 400bp

shorter at GARGAGTAGAGGCEMNITIAFACHERIETATATCE FOTER-ChRacsSegUeaeeTTdcTthi 8Bunan

SCF cDNA is shown in
-25 -20

Met Lys Lys Thr Gla Thx Tzp Ile Leu Thx Cvs Ile Tyr Leu Gln

ATG AAG AAG ACA CAA ACT TGG ATT CTC ACT TGC ATT TAT CTT CAG 228

-10 1
Leu Leu Leu Phe Asn Pro Leu Val Lys Thr Glu Gly Ile Cys Arg
CTG CTC CTA TTT AAT CCT CTC GTC AAA ACT GAA GGG ATC TGC AGG 273

1qQ 24
Asn Axg Val Thr Asn Asn Val Lys Asp Val Thr Lys Leu Val Ala
AAT CGT GTG ACT AAT AAT GTA AAA GAC GTC ACT AAA TTG GTG GCA 318

34Q
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 363

40 sQ
Maet 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 4Q8

60
Gln Leu Ser Asp Ser Leu Thr Asp Leu Leu Asp Lys Phe Ser aAsn
CAA TTG TCA GAC AGC TTG ACT GAT CIT CIG GAC AAG TTT TCA AAT 453

7Q 80
Ile Ser Glu Gly Leu Sexr Asn Tyr Ser Ile Ile Asp Lys Leu Val
ATT TCT GAA GGC TTG AGT AAT TAT TCC ’ATC ATA GAC AAA CTT GTG 498

=10
Asn Ile Val Asp Asp Leu Val Glu Cys Val Lys Glu Asn Ser Ser
AAT ATA GTG GAT GAC CTT GTG GAG TGC GTG AAA GAA AAC TCA TCT $43

100 110
Lys Asp Leu Lys Lys Ser Phe Lys Ser PIo Glu Pro Arg Leu Phe
AAG GAT CTA ARA AAA TCA TTC AAG AGC CCA GAA CCC AGG CIC 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 AGA TCC ATT GAT GCC 633
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Figure 42. O particular note is the hydrophobic transnmenbrane donain
sequence starting in the region of 15 amno acids 186-190 and endi ng at
am no acid 212. C. Construction of pDSRerr]2 [err] [err] was generated
using plasmds 20 10-la (as described in Exanple 16B) and pCEMB [err] as
follows: The Hndlll insert frompGEMB [err] was transferred to ML3npl8.
The nucl eotides i nmmedi ately upstream Jgge ATG initiation codon were
changed by site directed nutagenesis fromtttccttATGto 25 gccgccgccATG
using the antisense oligonucleotide 5 -TCT TCT TCA TGG CGG CGG CAA GCT T 3
and the oligonucleotide-directed in vitro mutagenesis systemkit and
protocols from Anersham Cpyp. to generate ML3npl 8 [err]. This was

di gested 30., Wylshabnghd | v 2Ndrd:ngeht €4 id1t0 PSR L1Ad2 A e thed: been

di gest ed wdd abicn@ht! rrThe8a @@N@chSTEE40NaEedAPPIRa? daay iIdrc BRNA fr oy
pDSR err]2 [err] was digested with Xbal and the DNA nmade bl unt ended by the
addi tion of Klenow enzyne and four dNTPs. Falsbowi ng termnation 35 of this

reacti on tdwer NA was fentHer IHgeluelyniAdp tShe Bngz Wl Sl Vall ghe 10-1a was
di gest ed wi@h TIRARCROTTA 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 GTIT GCA GCC AGC TCC CTT AGG AAT 768

180

Asp Ser Sar Ser Ser Asn Arg Lys Ala Lys Asn Pro Pro Gly Asp

GAC AGC AGT AGC AGT AAT AGG AAG GCC AAA AAT CCC CCT GGA GAC 813
190 200

Saer Sar Leu His Trp Ala Ala Met Ala Leu Pro Ala Leu Phe Ser

TCC AGC CTA CAC TGG GCA GCC ATG GCA TTG CCA GCA TTG TTT TCT 858

210
Leu Ile Ile Gly Phe Ala Phe Gly Ala Leu Tyr Trp Lys Lys Axg
CTT ATA ATT GGC TTT GCT TTT GGA GCC TTA TAC TGG AAG AAG AGA 903

220 2340
i Gln Pro Ser Leu Thr Arg Ala Val Glu Asa Ile Gla Ile Asn Glu
" CAG CCA AGT CTT ACA AGG GCA GTT GAA AAT ATA CAA ATT AAT GAA 9418

240
Glu Asp Asn Glu Ile Ser Met Leu Gln 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

TGGCTGGTAACAGTTCATGTTTGCTTCATAAATGAAGCAGCTTTAAACAAATTCATATTC 1100
TGTCTGGAGTGACAGACCACATCTTTATCTGTTCTTGCTACCCATGACTTTATATGGATG 1160
ATTCAGAAATTGGAACAGAATGTTTTACTGTGAAACTGGCACTGAATTAATCATCTATAAA 1221
GAAGAACTTGCATGGAGCAGGACTCTATTTTAAGGACTGCGGGACTTGGGTCTCATTTAGA 1282
ACTTGCAGCTGATGTTGGAAGAGAAAGCACGTGTCTCAGACTGCATGTACCATTTGCATGE 1343

CTCCAGAAATGTCTAAATGCTGAAAAAACACCTAGCTTTATTCTTCAGATACAAACTGCAG 1404
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- 130 - generate a blunt end 3' to the open reading frame in the insert and
with Spel which cuts at the sane site within the gene in both pDSR err]2
[err] and 10-l1la. These DNAs were |igated together to generate pDSRerr]2 5
[err]. D. Transfection and i munoprecipitation of COS cells with pDSR err] 2
[err] DNA. 10 COS-7 (ATCC CRL 1651) cells were transfected with
DNA constructed as descri bed above. 4g1066cells in 0.8 mMl DVEM + 5% FBS
were el ectroporated at 1600 V with either 10 [err] pDSR err]2 [err] DNA or
10 [err] pDSRerr]2 vector DNA (vector control). Follow ng el ectroporation,
15 cells were replated into two 60-mm di shes. After 24 hrs, the medium
was replaced with fresh conplete nedium 72 hrs after transfection, each

di sh was | abelled with 35S-nedi um according to a nodification of 20 the
protocol of Yarden et al. (PNAS 87, 2569-2573, 1990). Cells were washed
once wth PBS and then incubated with nethionine-free, cysteine-free DVMEM
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(met cys DMEM for 30 min. The nediumwas renoved and 1 m net cys DMVEM
containing 100 [err]C/m Tran35S-Label 25 (ICN) was added to each dish.
Cells were incubated at 37[err] for 8 hr. The medi um was harvest ed,
clarified by centrifugation to renove cell debris and frozen at -20C
Al'iquots of |abelled conditioned nmediumof 30 COS/ pDSR[err]2 [err] and

COS/ pDSR[ err] 2 vector control were img ecipitated al ong with nmedi um
sanples of [err]S-Iabelled CHO pDSR err]gm?err] clone 17 cells (see Exanple
5) according to a nodification of the protocol of Yarden et al. (EMBO, J
6, 3341-3351, 1987). One ml 35 of each sanple of conditioned nmedi um was
treated with 10 [err] of pre-i mune rabpichcSeXtHR+4d3A - | es -
131 - were incubated for 5 h. at 4[err]. One hundred mcrolglczrg‘r's 0 a 3D%
Suspensi oNgaEcPACERYA MEHIGA AN T e 6cERAITRE DT Oc T a0t B & g%
NaCl, 20 MM Tris pH 7.5, 0.2% Triton X-100 was added to each tube Sa { es

wer e 5 i nchkaiedriticeaunaddicdanenstaorernaascatcidferalccddvsdrerreerm

150
-25 -20

Met Lys Lys Thxr Gln Thr Trp Ile Leu Thxr Cys Ile Tyr

Lau Glin
ATG AAG AAG ACA CAA ACT TGG ATT CTC ACT TGC ATT TAT CTT CAG 1985

-10 1
Leu Leu Leu Phe Asn Pro Leu Val Lys Thr Glu Gly Ile Cys Arg
CTG CTC CTA TTT AAT CCT CTC GTC AAA ACT GAA GGG ATC TCC

AGG 240

10 20

Asn Arg Val Thr Asn Asn Val Lys Asp Val Thr Lys Leu Val Ala
AAT CGT GTG ACT AAT AAT GTA AAA GAC GTC ACT AAA TTG GTG GCA 285

30
Asn Leu Pro Lys Rap 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 50
Mat 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 37s
60
Gln Leu Ser Asp Ser Leu Thr Asp Leu Laeu Asp Lys Phe Ser Asn
CAA TTG TCA GAC AGC TTG ACT GAT CTT 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 GTG 465
90
Asn Ile Val Asp Asp Leu Val Glu Cys Val Lys Glu Aan Ser Ser
AAT ATA GTG GAT GAC CTT GTG GAG TGC GTG AAA GAA AAC TCA TCT Si0
100 : 110
Lys Asp Leu Lys Lys Sexr Phe Lys 3er Pro Glu Pro Arg Leu Phe
AAG GAT CTA AAA AAA TCA TTC AAG AGC CCA GAA CCC AGG CTC TTT 585
120
Thr Pro Glu Glu Phe Phe Arxrg Ile Phe Asn Arg Ser Ile Asp Ala
ACT CCT GAA GAA TTC TTT AGA ATT TTT AAT AGA TCC ATT GAT GCC 6§00

Figure 44



conpl exes were pelleted by centrifugation at 13,000 x g for 5 mn.
Supernatants were transferred to new tubes and incubated with 5 [err]
rabbit pol yclonal antiserum (#1381 TB4), purified as in Exanple 11, against
CHO 10 derived [err] overnight at 4[err]. 100 [err] Pansorbin was added
for 1 h. and i mune conpl exes were pelleted as before. Pellets were washed
Ix with lysis buffer (0.5% Na-deoxychgpﬂgg, 0. 5% NP-40, 50nM NaCl, 25 nM
Tris pH 8), 3x with wash buffer (0.5 , 20 MM Tris 15 pH 7.5, 0.2%
Triton X-100), and Ix with 20 M Tris pH 7.5. Pellets were resuspended in
50 [err] 10 MM Tris pH 7.5, 0.1% SDS, -0.1 M [err]-nercaptoethanol. SCF
protein was el uted by boilisgg for 5 mn. Sanples were centrifugegdgat 13, 000
X g for 5 gid. LN pe&haANSL 201 2 VENE GlRCOuer B Avredy¥eNalWwrhl

gl ycosi dasefc Wate ape it siradcas 6ol | Toms GARhREE RETI@AT (18Ts Gals éotmM £HAPS
containing 1.6 nmJ O gl ycanase, 0.5 U N-glycanase, and 0.02 U neuram ni dase
was added to 25 [err] of immune conplex 25 ¢&8fples and incubated for 3 hr.
at 37[err]ser Meequal Desl Fes BFo2&PAGY s &Ry &éyBuMerlymAsdded ard sanpl es

wer e boi | etct oTC8 A0 . T3 A&Tt 6ETaRAG LA FER 84GsaRPI BN WD C8iCe€CEophog@sed
on a 15% SDS- pol yacryl am de

160 170
Gly Asp Ser Ser Leu His Trp Ala Ala Met Ala Leu Pro Ala Leu
GGA. GAC TCC AGC CTA CAC TGG GCA GCC ATG GCA TTG CCA GCA TTG

735
180
Phe Ser Leu Ile Ile Gly Phe Ala Phe Gly Ala Leu Tyr Trp Lys
TTT TCT CTT ATA ATT GGC TTT GCT TTT GGA GCC TTA TAC TGG AAG 780
, 190 200
Lys 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 ATT 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 Gln Glu Val End
! GAG TTT CAA GAA GTG TAA TTGTGGCTTGTATCAACACTGTTACTTTCGTA 920

CATTGGCTGGTAACAGTTCATGTTTGCTTCATAAATGAAGCAGCTTTAAACAAATTCATA 980
TTCTGTCTGGAGTGACAGACCACATCTTTATCIGTTICTITGCTACCCATGACTTTATATGG 1040

ATGATTCAGAAATTGGAACAGAATGTTTTACTGTGAAACTGGCACTGA 1088
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reduci ng gel overnight at 8 mMA. The gel was fixed in 30 nethanol -acetic
acid, treated with Enlightening enhancer (NEN) for 30 mn., dried, and
exposed to Kodak XAR-5 filmat -70[err] Figure 43 shows the autoradiograph
of the results. Lanes 1 and 2 are sanples fromcontrol 35 COS/ pDSRlerr]?2
cultures, lanes 3 and 4 from COS/pSR[err]2h [err], lanes 5 and 6 from

CHO pDSR[ err] 2 - 132 - [err]. Laneg4/gs3, and 5 are undi gested i mmune
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 [err]
closely resenbles that of [err] secreted from CHO transfected with [err]
hSCF[err] (Exanple 11). This strongly suggests that the natural proteolytic
processing site releasing SCF fromthe cell 10 is in the vicinity of am no
acid 164. EXAMPLE 17
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Quat ernary-Structure Anal ysis of Human SCF. 15 Upon cal i bration
of the gel filtration colum (ACA 54) described in Exanple 1 for
purification of SCF fromBRL cell nediumw th nol ecul ar wei ght standards,
and upon elution of purified SCF fromother calibrated gel filtration
colums, it is evident that SCF purified 20 from BRL cell nedi um behaves

w th an apparent nol ecul ar wei ght of a65y§6inately 70, 000-90, 000 rel ative
to the nol ecul ar wei ght standards. In contrast, the apparent nol ecul ar

wei ght by SDS- PACE is approximtely 28,000- 35,000. Wile it is recognized
that gl ycosyl ated 25 proteins may behave anomal ously in such anal yses, the
results suggest that the BRL-derived rat SCF nmay exist as non-covalently
associ ated di mer under non-denaturing conditions. Simlar results apply for
reconmbi nant SCF forns (e.g. rat and human [err] derived fromE. coli, 30
rat and human SCF1 162 derived from CHO cells) in that the nol ecul ar size
estimated by gel filtration under non-denaturing conditions is roughly
twice that estimated by gel filtration under denaturing conditions (i.e.,
presence of SDS), or by SDS-PACE, in each 35 particular case. Furthernore

sedi nentation velocity analysis, which provides an accurate determ nation
of
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- 133 - nol ecular weight in solution, gives a value of about 36,000 for
nol ecul ar wei ght of E. coli-derived reconbi nant human SCF1 164. This val ue
is again approximately tw ce that seen by SDS-PAGE (-18,000- 5 19, 000).
Therefore, while it is recognized that there may be nultiple oligoneric
states (including the nononeric state), it. appears that the dinmeric state
predom nat es under sone ci rcurrstanc%sNg%gol ution. 10

EXAMPLE 18 | sol ati on of Human SCF c ones fromthe 5637 Cell Line A
Construction of the 5637 cDNA Library 15 Total RNA was isolated from human
bl adder carcinoma cell |ine 5637 (ATCC HTB-9) by the acid guani di ni um

t hi ocyanat e- phenol - chl or of orm extracti on nethod [ Chontzynski et al., Anal.

Bi ochem 162, 156 20 (1987)], and pol y(A) RNA was recovered by using an
ol i go(dT) spin colum purchased from C ontech. Doubl e-
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stranded cDNA was prepared Trzn12 [err] poly(A) RNA with a BRL cDNA
synthesis kit under the -conditions recomrended by the supplier.

Approxi mately 80 ng of columm 25 fractionated doubl e-stranded cDNA with an
average size of 2 kb was ligated to 300 ng Sall/Notl digested vector pSPORT

1 [DAessioet al., Focus, 12, 47- SBBQ$EQQ#] and transformed into DH5[err]
cells by el ectroporation [Dower et Acids Res., 16, 6127-6145

(1988)]. 30 B. Screening of the cDNA Library Approxinmately B $ P 1§8
primary tranformants were divided into 30 pool.s with each & % Eidy 35

approxi mat'el y 5000 i ndi vi dual cl 8TEM. CEBLaFACIORNA was prepared from each
pool by the CTAB-DNA precipitation - 134 - nethod as described [Del Sal

et al., Biotechniques, 7, 514-519 (1989) Two-m_Gr.Q pl asm d

DNA pool wa&s di gest ed V\nl‘{"r‘lerlessctﬁ“b%egﬁ gﬁﬁr?é'slﬂotol ag% n@p ?%ﬁ%ﬁgby gel

el ect rophor ESIe%cddllm?arﬂh?ee@ﬁM veasl metthadst edfr gd adnia®dmetieraed Pl us

menbrane (Dup%qg)losed Pharmaceutical compositions and methods of
treating disorders involving blood cells are also

disclosed.
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hybridi zed with 32P-1abeled full |ength human SCF ch\gegi@@yaﬂed from HT1080
cell -ine (Exanple 16) under the conditions previous yﬂfggcri bed [Lin et
al*., Proc. Natl. Acad. Sci. USA, 82, 7580-7584 (1985)].”7 Séven pools 10
cont-ai ning positive signal were identified frSubstituteysheeti-230 Julvy 1996

pool s of colonies were rescreened with [err]P-1abel ed PCR generated human
SCF cDNA (Exanple 3) by the col ony hybridi zation procedure [Lin et al.,
Gene, 44, 201-209 (1986)] until a SJ'O%QI e 15 col ony was obtained from four
of the pools. The insert sizes of four isolated clones are approximtely
5.3 kb. Restriction enzyne digestions and nucl eoti de sequence anal ysis of
~the 5 -ends of Hub64SCPLP wasNdiepas btédraii thhaTCOUdn C2DrBx=prambderdegftcal . The

sequence qf t hi k@ S%RNQP ) hﬁm i_n Fi 451.; T DA of Figure
44 codes S#g B%&%’/%‘ép :]%lerbl ’ eF'(':Jf’ﬁ a r'fg'?agleh‘ggg%ﬁél_ hopq.t(:%e Sequences in
Fi gure 4228r8epepmaerdl 30 andenghumt@ry 839564e 8P was deposited with

EXAVPLE 1876EFoknpgrsastuting® 1590 \inelr AlinBer 8 "RISé, adsili ags A SO in
vivo ac Iglernge uvrn)./t!.l'\x/aﬂl'd% ogrlge(lct%ber iQEBaurIn?erl' Qlimber 68124 and
HuGenl-Human SCF was deposited on 13 October 1989 under number

40681.
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The effect of SCF on survival of mce after lethal irradiation was tested.
M ce used were 10 to 12 week-old female Balb/c. Goups of 5 mice were used
in"35 all experinents and the mice were matched for body weight within
each experinment. Mce were irradi ated at QuisstituBSsheaid- 30 H8P 1286in a
single dose. Mce were injected with fa&?%rs al one or factors plus nornma
Bal b/ c bone marrow cells. In the first «case, mce were injected
intravenously 24 hrs, after irradiation with rat PEG 5 [err] (20
[err]/kg), puriG¥®tM¥romE coli and rodified by the addition of -

pol yet hyl ene glycol as in Exanple 12, or with saline for control aninals.
For the transpl ant nodel ce,were iLnpect wiih var{ ous doses

of normal Bal b/ c bone na}r M/4Ah83?sn FEFE¥§-°¥??5ﬁ*%?|%% qu?%é%ﬁent wth

rat PEG SCF1 l6Gdawisgpanfamind dgiddsequence feffickenulyrdoplicative the

cel| suspensg on,d @9&1’: 88! RRehPal b e6LLAP 2R geaﬁnc@g)saféewé %tb- 110w

i njection of” factor us Irradi ation at , mce were
possessxon 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
whereinsaid polypeptide is the product of procaryotic
or euka?yotic 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.

35 | _ : ' ~ Thig is the replacement sheet
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i nj ect ed mnth rat PEG SCF[err] or saline. The results are shown in

FlguF et ba of rat PEG SCF1 164 significantly enhanced the
survi ﬂ e conpared to control aninmals (P<0.0001). Mce injected
Wit h an average of 7.7 1dgys, wSubstitute shet [0 July ¢gbed

m ce survived an average of 9.4 days (Figure 45). The results presented in
Figure 45 represent the conpilation of 4 separate experinments with 30 mce

in each treatnent .group Th? E?E@@ﬁd %H%%ﬁée" {gt@lg aied with 25

rat [err] suggests an e FFOM/CE s of the
i rradi at ed aBPE8ESSipgePagtnaryall Rf ctheraniro Rekd Fegpense Rf aneters of

theseI ani Fﬁgﬁgﬁbaws%bw%lugﬁteeéﬂsaé Nedt af St € irﬁ\/pi f:@rmasast.ed todco?_trol
animal s a a i rr.adiati wever S_ po i rradiation
the pl at el etFFgg‘éﬁs?%Fe H&P“§Fgﬂ$f¢5 IYF i ﬁ e‘?"erﬂ'“f o‘}/%%ﬁ'tafloliy-ani mals. No
di ff erencs®s oecchkBCiag HB@eEécebarnantmtherszOM/ceIIuIarlty have been
detected 35
10. A polypeptide according to Claim 1 which
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, Figure 42,
Figure 44, or their complementary strands;
(b) DNA sequences which hybridize to the DNA
30 sequences defined in (a) or fragments thereof; and
(c) DNA sequences which, but for the
degeaeracy of the genetic code, would hybridize to the
DNA sequences defined in (a) and (b}.

35
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- 136——B—Survivat—of—t ranspl ant ed nmce treated with SCF Doses of 10%

femur of normal Balb/c bone marrow cells transplanted into mce irradi ated
at ‘850 ThisS eEn SERAED 90% or greater of animals (data not presented).
Ther ef or t radi ati on of 850 rad was Substitutet sheett-r 30 Juihani9gdse
of 5% f e he effects of ra54%err] on survival. At this cel
dose it was expected that a | arge percéntage of mce not 10 receiving SCF

woul d not survive; if rat [err] could stinulate the-transplanted cells
there mght be an increaddd nfs@rnacadyotis dnwukiaryeitder dosd; cell

approxi mat el'y $Q%nsHorafey 'Y ¥ %ﬁ@d’%ﬂﬁ% sl Qe 1dddsh LGN

Treatnment with rat [err] 15 result In.a dramati c i ncrease of survival

with greater t&k8nCdHMHild nds@ Mader, A4 Dhe fogt o8dd ¥ days -
(Figure 46). Tesxpress tsaid grAyipebtiddigroduct represent the conpil ation
of results gron14 separate experinents representing 20 mce in both the
control and™20 rat PEG SCF1 164 treated mice. At .higher doses of

irradi ation, treatnment oflSw cd pallypeqt iider gjraductomfurdiel @xprieass ion r ow
transpl ant al sger gs yNaed ddhdnted S ait M aln GFighdcargbridYY rol mce

i rradi at ed ) _
' eukaryotic host cell.

10 16. An isolated DNA sequence coding for
procaryotic or eukaryotic host expression of a
polypeptide having an amino acid sequence sufficiently
duplicative of that of naturally occurring stem cell
factor to allow possession of a hematopoietic biologica:

15 activity of naturally-occurring stem cell factor.

17, A cDNA sequence according to Claim 16.

. 18. A genomic DNA sequénce according to
20 Claim 16.-

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 1including one or more codons preferred for expression in
yeast cells. _

. This is the raplacemant steet. .
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at7 950 rads and transplanted with 10% of a fenur were 25 dead by day 8,
Whi gis 8kuer 1 BedaRRplyced 0% of mice treated with rat [err] survived 20 days or

| onge trol mce transplanted with 20% of a fenur survi-ved past
20 dagmm f rSCF treated ani mal s sur viSubstifiiegsheet4730 iy BERSGLE
20 Pr nocl onal Anti bodi es Agai nst SCF 8-week ol d femal e BALB/ C
mce (Charles River, 35 WI mngton, Nﬂ& were injected subcutaneously with
20 [err] of human SCF1 164 expressed fromE. Tcoli_in conplete - 137 -
Freund's adj uvant (H37- 3. Diff QA ARFUANGY ACCIs&inG tto A2 imddkt er

i mruni zat i ons gdvdled€ly |as¥od i P VE N td GHtddtableomabrile sutitghée.

adj uvant were subsequently adm nistered on days 14,38 and 57. Three 5 days
after the last injection, 2 mce were sacrificed and their spleen cells
fused with the sp 2/0 m24$onsh |IDNfe sesp@Emdiengeadi nghdqrr ac giiypepdtiste | bed by
Nowi nski 5 gragment or polypeptide analog 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 plasmiad af
viral DNA vector including a DNA sequence according tc
Claim 16.;

1S - 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 Pigure 42 or Figure 44 and having one or more of the'
in vitro biological activities of naturally-occurring
stem cell factor. B

30. A polypeptide having part or all of the
30 secondary conformation of néturally-occurring stem cell
factor and having part or all of the amino acid seguence
set forth in'Figute 15C, Figure 42, or Figufe 44 and
having a biological property of naturally-occurring
human stem cell factor. : '
35
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et al——TVitology 93, 111-116 (1979)]. The nedia used for cell culture of
sp 2/ 8y get;lgsBJgEHﬂingm was Dul becco's Modified Eagle's Medi um ( DVMEM ,

(G'bco, Chi 0) suppl emented with 20% heat inactivated feta

bovi ne Chem, Fort Lee, NJ), 110 SubstituteCstiden-B0 Uufy 99800 :
um p 00 ncg/n1 streptommin (G bco). After cell fusion 15

hybrids were selected in HAT nmedium the above nedlunlcontalnlng 10 [err]

h t hi 4x10

T e et L T st el WRAEn, L s WEAHE

20 f@&ntcknmnmpmwsang:reened as follows: Polystyrene wel |'s

(Costar, Canbridge, m@ﬁg&&d&@s\w&mé% gigheoboRdTtIdiy ] (E
of Bb g2

coli) in 50 [err] ‘sonate buffer hours at room

t enper at ur e, trEﬁP?ﬁ%#?ﬁtﬁn°%uewﬁﬁﬁﬁthQWQﬂ§£sqﬂ%¥§ ZﬁanﬁﬁeﬁmﬁﬂoGﬁéd with 5%
: ESQ i 3 PBS f5|>r Bfha s fed ted amrt?@nmwrwo@trmmg ttlbeltlbliﬁlullat.edln\d th

ybri doma cul ture supernal Qr t Ay uti

decanted and t he bound an’t %%@dgeﬁ c?%w g f]e586 Srfoo

_-Goat - ant i - nous eexppessipn el éINAMStquuH@!m 30 sRddi sﬂecmorrom dase (Boehrl nger _
Mannhei m Bi ocheni cal s,

32. A composition comprising a purified and
10 1isolated 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.

34. A method for treatment of leucopenia in a
20 mammal compriéing administering a therapeutically
effective amount of the polypeptlde according to
Claim 1. :

35. A method for treatment of
25 thrombocytopenia 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 enhancing engraftment of
bone marrow during transplantation in a mammal

35 comprising administering a therapeutically effective
amount of the polypeptide according to Claim 1.

This is the repldoemant sheet
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| ndi anapolis, IN for one hour at 37[err]. The plates were washed with wash
solution (KPL, Gaithersburg, MD) then devel oped with m xture of [err] and

ABTS (KPL). Colorinetry was conducted at 405 nm 35 Hybri doma
cell cultures secreting antibody specific for Substitutsshedbs 305619 1998ETr €
.tested by - 138 - ELISA, sane as hyM5i doma screening procedures, for

crossreactivities to human [err] (CHO . .-Hybri domas were subcl oned by

Strongly. bositive to il or Fietfol gBYERhEREELS BERETREREASD OC 1 (o
human SCF1 Jﬁﬂ?%%?i}?yS%VeFé?aH?ﬁPFd@gafééiPE*@&VGC%%@ﬁcéFonGH as fol |l ows:

|10<31an0C| one cﬂafo&mﬁzﬁggieashaubéaI~$%qauma:$@raﬂ>1£§t@ °§§1§23h %z

g . . . . N¢

lgGL . . mYel°s“P3£§siS°“r&BfFﬁoﬁ%QPﬁtii§1%‘%%8‘%?WBF&éF8t&e&&£ﬁexi
with the AICC thesapewvnbeally effPeotive doses of stem cell factor.

39. A DNA sequence coding for an analog of
human stem cell factor selected from the group
consisting of:

10 a) [Met™l] stem cell factor; and

b) stem cell factor wherein one or more
cysteines are replaced by alanine or serine.

, 5 40. A polypeptide product of the expression
15 in a procaryotic or eukaryotic host cell of a DNA
sequence according to Claim 39.

41. A pharmaceutical composition cohprising
recombinant stem cell factor having the human amino écid
20 seqguence, 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
containing material to ion exchange chromatographic
separation.

. o TR
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* Wil e the present invention has been

20 -

descnlxﬂMggR&ﬁ ferred enbodlnents it is understood that
varlatlon ons will occur to those skilled 25 in the art.
Therefore d that the appended cl aSubstitaveshaét - 30Ciuly 1996
equivalen ich conme within the scope of the invention as

cl ai med. The features di sclosed in the iFegoing 30 description, in the
following clainms and/or in the acconpanyi ng drawi ngs may, both separately
and in any conbination ths;eoh, pbecess cas ain fClraimead4 simgéhe sab@nionn in

di verse forns S wth
ATCC on 25 Sep%ggé 559§8’°ﬂ6g$¥¥€€§¥#%%%efg§§gﬁ‘ngfﬁﬂgg’ %glted
wi th ATCC on 2eh§ppaenbeapnbeosgndeatnunber HB10561, 8H7A was dep05|ted
with ATCC on 26 Septenber 1990 under nunber HB 10560, V19.8 was deposited

with ATCC on 13 Cctober 889 under nunber 68124 . and uGEnI Hunan SCF was
deposited of 13 October 4989 BnBEPCeSHiAS in Claim 44 further _

comprising the step of reverse phase ligquid
chromatographic separation.

'47. A process for the efficient recovery of
10 stem cell factor from SCF containing material, the
' method comprising the step of subjecting the SCF
containing material to reverse phase lxquid
ch:omatogxaphzc separation.

s 48. A polypeptide having the hematopoietic
biological activity of naturally occurring stem cell
factor, said polypeptide'having an amino acid sequence
set forth in Pigure 15C, Figute 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.

o _ 49. A polypeptide as in Claim 48 selected
25 from the group consisting of: |

scrl-148, gepl-162, gcpl-164, gopl-165,
scrl-183 (pigure 15C); scri~185, gcpl=188, scpl-189, ang
SCF1~248 (pigure 42); and scFl7157, scrl"15°, scpi-161
and ScFl~220 (pigure 44).

30 '

50. A biologically-active composition
comprising the polypeptide of Claim 1 covalently
attached to a water-soluble polymer.

35
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[ —
40681. Substitute sheet - 30 July 1996 139 Hul64SCF17 was deposited with
ATCC ®is Shget 89090 under nunber CLR10557, 4G 12-13 was deposited
with A nmber 1990 under nunber HB10561, 8H7A was deposited
with A mber 1990 under nunber HBSUbs6Gfute\sbet -VBG Jubhpa9idieed
with A on 13 Cctober 1989 under nunber 68124 and HuGenl - Human SCF was
deposited on 13 October 1989 under nunbk¥t’ 40681. REPLACED SHEETS SG

CLAI M5 A pol ypeptide which has, part or, all of the rlnar uct.ure of the .
sequence set forth in Figthe BE %H?sétﬁé’f?atﬁpdﬂ"et A4 3 oé'%&fle“ﬁ‘r Gy of
natural |y occupclymex € csﬁ]ledtze:d diron?.the groupaonsdstiing Wi ch has part

or all of the %Hf?géhylene glycol or copolymers of polyethylene glycol
_ and polypropylene glycol, and said polymer is
S unsubstituted or substituted at one end with an alkyl
group. |

: 52. The composition of Claim 50 wherein the -
polypeptide is [Met™1] scrl=164,
10 | - | |
53. The composition of Claim 50 wherein said
polymer has an average molecular'weight of about 1,000
to 100,0?0 daltons. '
&
15 S4. The composition of Claim 50 wherein said
polymer has an éve:age molecular weight of about 4,000
to 40,000 daltons.

55. The compdsition of Claim So'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 cérboxylic acid or carbonate
derivative of said polymer. '

57. The composition of Claim 50 wherein one
or more amino groups of said protein are ‘conjugated to
30 said polymer by reaction with a N-hydroxysuccinimide,
p-nitrophenol or 1—hydtoxy-z-nitro-beniene-4-sulfonate
ester of the polymer.

_ 58. The composition of Claim 50 wherein one

35 or more free cysteine sulfhydryl groups are conjugated
to said polymer via reaction with a maleimido or
haloacetyl derivative of the polymer.
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'sLrueture_ei_the_sequence set forth in Figure 42 and a hemat opoi etic
brolo |caI property of naturally occurring stemcell factor. 3. A

poI f¢¢ds part or all of the primary structure of the seguence
set Ie 44 and a hemat opor etic bi Qubgtitute shester3§ Juy ally
occu ‘factor. 4. _ Aipgl ypeptide which has part or all of
Lhe primry stLucture or the sequence set forth in Figure 14C and a

emat opoi eti ¢ bi ol ogi ca rop ty of naturall us i |l .factor.

5. A pol ypepti de acégrdrﬁé tfP@F@ﬁtﬁﬁ9Qﬁag;€§#ﬁﬁ ngéhggkii F78 the
product of prqpalypeptxde egcglyooszleu@desmdcﬁh&ﬁpQ&me09eﬂoa§tBNAed

sequence. . éﬂg& RGBE'QE Réd'mr}&qé%&? &P&ﬁeae the exogenous -
DNA sequence |s ac sequence. ﬁ ypepti de acc % to Caim
5, wherein thedexbyahive BNAtEEqB%WT swattgé?ﬂﬂn ROrecate bé! A

pol ypept i des acgpsdpsJgéRe 2lYe@NBy Obx {d 2t iGn of Xkhe amonydtbeeexogenous
DNA sequence |s ca ELSd on an autononously replicating plasmd or viral
vector. .

60. A method for preparing a biologically

active polymer-polypeptide adduct which comprises

10 reacting the polypeptide of Claim 50 with a water-
soluble polymer under conditions pefmittihg the covalent
attachment of the polymer to said polypeptide, and
recoverigg the adduct-.so produced. '

1s 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 therapeutically
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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-.141 -70. A polypeptide according to any one of Clains 1 to 8,

furt hér ahiaskeilek Béa®keflycehei Ng coval ently associated with a detectable

| abel subslt A DNA sequence for wuse in expressing in a
procaryoti c host cell al4%l ypeptSulestituteisheeha30ndulyl 1996
part of th [ ucture of naturally occurring stemcell factor and a
hemat opoi eti c bi ol ogi cal property of naturally occurring stemcell factor,
sai d DNA sequence sel ect fr, : _sequ S .set. out in
Figure 14B, Figure 14C, |'gur£r}ﬁ§t§?6}%i°g%?t)eraffée?%t EIgI‘ %c%g’%pltzarrgnt ary -
strands; (b) mammaNAcompriaing vilesteps iaficze to the DNA sequences defi ned
in (a) or fragnents thergof . c@¥hridy earlyPMematepeie’lcVpiregediledror the
degeneracy of the genetic _code woul d hybri'dize to the DNA sequences defi ned
in (a) and (bfedtd Wit FFuences code for a pol ypeptide having the same
am no aci dssequences. 1}ii) trandidttiseyuwheceulitaredusellisnofesmepssi ng

in a procarygrii C Qe e Y Yt J Carni)St cell a pol ypeptide product having all
or part of th Br'na y st¥ucture of naturally occurring stemcell factor
and a hemat opoi eti c bi ol{ddiidaladministering the transfected cells to

‘'said mammal.

10 ~ 66. A method of treating nerve damage in a
mammal comprising administering a therapeutically
effective amount of the polypeptide according to
‘Claim l. .

i

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 according 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~1l)scrl=148, (Met~1l)scrl-162,
(Met™1]scF1=164, (met~l)scFl~165, (Met™l)scri-183

(Figure 15C); [Met™1]scrl=185, (Met~1)scri-188,

35 -[Met°1]SCF;f189, and [Met™1)scrl™248 (pigure 42); and
(Met™1)scF1=157, (Met~l]scrl=260, [Met™))scFl~161 ang
[Met~1])scF1~220 (pigure 44).
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se&Uence

property of naturally occurring stem cell factor,a‘%

selected: fromamong: (a) The DNA sequence set om:¥?@E|gure 42 or its
conplenentary strand; (b) DNA sequences which hybri®di ze to the DNA '
seqiences defi.ned in (a) or fragnents thereof; and,_Substitute B8es

whi ch but for the degeneracy of the genetic code woul d hybridize to the DNA
sequences defined in (a) and (b) and whi ch sequences code for a polypeptide

havi ng the sane am no aci d sequences. Substitute sheet—7/3/2000 -142

12. A DNA sequence for wuse in expressing in rocar OtIC or
eucaryotic host cell a polypeptide pcqghct. having al | “

primary structure of naturally occurring stem cell facto

bi ol ogi cal- property of being capable of binding to a ste

receptor, sai ¢rA¥ssequence sel ected from anong: (a) The DNA sequence
set out in Figure 44, or its conplenentary strand,

1. A polypeptide which has part or all of the primary
structure of the sequence set forth in Figure 15C and a
hematopoietic biological property of naturally occurring
stem cell factor.

2. A polypeptide which has part or all of the primary
structure of the segquence set forth in Figure 42 and a
hematopoietic biological property of naturally occurring
stem cell factor.

3. A polypeptide which has part or all of the primary
structure of the sequence set forth in Figure 44 and a
hematopoietic biological property of naturally occurring
stem cell factor.

4. A polypeptide which has part or all of the primary
structure of the sequence set forth in Figure 14C and a
hematopoietic biclogical property of naturally occurring
stem cell factor.

5. A polypeptide according to any one of Claims 1 to
4, which is the product of procaryotic or eucaryotic
expression of an excgenous DNA sequence.

6. A polypeptide according to Claim 5, wherein the
exogenous DNA sequence is a cDNA sequence.

7. A polypeptide according to Claim ‘5, wherein the
exogenous DNA sequence is a genomic DNA sequence.

8. A polypeptide according to any one of Claims 5 to
7, wherein the exogenous DNA sequence is carried on an
autonomously replicating plasmid or viral vector.
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(b) DNA sequences which hybridize to the DNA 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 defi ned

in ('a) and (b) and which sequences code for a pol ypegubggtlta\sheet L Bygpeee

am no aci d sequences. 13. - A DNA sequence according to Carm1I0, IT or
12 and including one or nore codons preferred for expression in
non- manmal i an cells. 14. A DNA sequence according to Claim 13 and

i ncl uding one or nore codons preferred {4y -expression in E. coli cells. 15.
A DNA sequence according to Claim10, 11 or 12 and including one or nore
codons preferred for expression in yeast cells. 16. A DNA sequence
according.to ®.ai m 10A pblypeptidai akccordingstexangsshanosf chadns SCEo 17

A DNA sequenceg -ac M il Qﬂgﬁ% pr I
human SCF pol 2 tp?%ghésgl Egt eggé#f%%nggrgmﬁ (ﬁtlj{hr@ ?ﬁi nu |r?g acg'c%r ng to
Figure 42) S detectabd. FBBStaRER SCr1- 248.

10. A DNA sequence for use in expressing in a
procaryotic or eucaryotic host cell a polypeptide product
having all or part of the primary structure of naturally
occurring stem cell factor énd a hematopoietic biological
property of naturally occurring stem cell factor, said DNa
sequence selected from among:

(2) DNA .sequences set out in Figure 14B, Figure 14C,
Figure 15B, Figure 15C or their complementary strands;

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

(<) DNA sequences which but for the degeneracy of the

genetic code would hybridize to the DNA sequences defined
in (a) and (b) and which sequences code for a polypeptide
having the same amino acid sequences.

1. . A DNA sequence for use in expressing in a
procaryotic or eucaryotic host cell a polypeptide prodﬁct
having all or part of the primary structure of naturally
occurring stem cell factor and a hematopoietic biological
property of naturally occurring stem cell factor, said DNA
sequence selaected from among:

(a) The DNA seguence set out in Figure 42 or its
complementary strand;

(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) and which sequences code for a polypeptide

having the same amino acid sequences.
This Sheet Has Been Re;
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Substitute sheet - 7/3/2000 - 143 - 18. A DNA sequence according to
C-ai m. 12 whi chencodes expression of a human SCF pol ypeptide sel ected from

anong (Usf,i Mﬂﬁks h&g according to Figure 44) SCrnetl-157, SCF1-157,
SCFnet 1- 16 CFnet 1- 161, SCF1-161, SCFnetl|Sadtitate Sheét 2508/98

A DNA sequ to any one of clainms 10, 11 or 12, which encodes
expression residue at the N-term nal position of a mature
versi on of sald polypeptldel 20. A DNA sequence according to any one of
Claims 10 to 19 coval ently associated wi {4l @ detectabl e | abel. 21. A
DNA sequence of Caim 20 wherein the | abel is a radiol abel. 22. A

biologically functional plasmd or viral DNA vector including a DNA as in
any one of O ail@s 10 t @ 2DPNX3 sequendepr doxr ywsiec dn eaxaryssiiughos‘.h call

transformed or 1 o [dhchriitisCHIBRC2eAACH Polgpbpraal Madiet
Clainms 10 to 1 IEF' er allomnng %R host cel eXpr ess sai
pol ypepti de pr g or RaRbsP P BELBABY nGLFHCERERNPE3 NRREELIYL he
host occurring stem cell factor and the biological property of
being capable of binding to a stem cell factor receptor,
said DNA sequence selected from among:
(a) The DNA sequence set out in Figure 44, or its
complementary strand;
(b) DNA sequences which hybridlze to the DNA sequences
defined in (2) or fragments thereof; and,
(c) DNA sequences which but for the degeneracy of the
genetic code would hybridize to the DNA segquences defined
" in (a) and (b) and which sequences code for a polypeptide
having the same amino acid sequences.

13. A DNA sequence accord;ng to Claim 10, 11 or 12 and
including one or more codons preferred for expression in
non-mammalian cells.

14. A DNA sequence according to Claim 13 and including
one Or more codeons preferred for expression in E. coli
cells.

15. A DNA sequence accordilig to Claim 10, 11 or 12 and

including one or more codons preferred for expression in
yeast cells.

16. A DNA seguence according to Claim 10, 11 or 12
which encodes expression of human SCF.

17. A DNA sequence according to Claim 10 or 11 which
encodes expression of a human SCF polypeptide selected from
among (using the numbering according to Figure 42) SCF1-
162, SCF1-164, SCF1-165, and SCF1-~248.

Thhiﬁtharephnﬁmsntéh&ﬂ
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cell is E’ coli. 25. A host cell according to C aim 23 wherein the host
cel | +s—a—manmatiam celi. 26. A non-natural l'y occurring polypeptide
- producty ofy L6 BXRREsREPN Of a DNA sequence of any one of Clains 10 to 19

|n a .pr caryotic host. Substitute sBabstituté/shied®0®/84d8 -
mm“; |I)EHmrd| ng to Claim26, wherein thé DNA sequence is a CDNA
sequence oduct accordl ng to Claim26, wherein the DNA sequence
is a genom ¢ DNA sequence. A procegs _for the production of a

pol ypepti de having part or aII of the primary structure and one or nore of
t he hemat opoi etic biological properties of naturally occurring stem cell
factor, which process is characterized by cul turi.ng under suitable
nutrient congig{ i ons, A DNK asgpience _czordingt to Chasim (k2 |whicharezfomdes] or
transf ect ed Wégﬁé?%ﬁegeemﬁuﬁgﬁ%eﬁnsoiyp@gmweeqfecee@ Brchf dafork® | N

a manner all ow
(using the numbering according to Figure 44) SCFmetl-157,
SCF1-157, SCFmetl-160, SCF1-160, SCFmetl-161, SCFl-161,

SCFmet1-220 or SCF1-220.

-19. A DNA sequence according to any one of Claims 10,
11 or 12, which encodes expression of a methionyl residue
at the N—terminal position of a mature version of said
polypeptide.

20. A DNA sequence according to any one of Claims 10 to
19 covalently associated with a detectable label.

21. a ISI}TA sequence of Claim 20 wherein the label is a
radiolabel,
22. A Dbiologically functional plasmid or wviral DNA

vector including a DNA as in any one of Claims 10 to 21.

23. A procaryotic or eucaryotic host cell transformed
or transfected with a DNA sequence according to any one of
Claims 1o'f.o_ 19 in a manner allowing the host cell to
exprese said polypeptide product.

24. A host cell according to Claim 23 wherein the host
cell is E. coli.

25. A host cell according to Claim 23 wherein the host
cell is a mammalian cell.

26. A non-naturally occurring polypeptide product of
the expression of a DNA sequence of any one of Claims 10 to
19 in a procaryotic or eucaryotic host.
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express said polypeptide, and isolating desired pol ypeptide products of the
expression of the DNA sequence. 30. A pharnmaceutical conposition
conprising an effective anount of a pol ypeptide according to any one of

O ai syl 6hed HANALRRegHQAUCEd by the process of O ai SuBStitrleghget - 5/8/98,
phar maceyty abl e diluent, adjuvant or carrier. 31. Use of a
pol ypept gmuﬁmmmﬂm’o any one of Clains 1 to 8 and/or produced by the
process | t he manuf acture of a nedi cament for providing
hemat opoi etic therapy to a mammal . 32.- 143 The use according to Caim 31
wherein said therapy is selected from the follow ng: the treatnent
of | eucopeni a; the treatnment of thronbocytopenia, the treatnent of
anem a, enhancgmg engrafppeahcof abooedimgrbos dliaing26;, amwheradnattien, DNA
enhanci ng bonesgaﬁéggerggogeéynirgéci@éq.;é%qnt of radiation, chem cal or

u [ -/

chenot her apeut i C bstitute shee 3/ 2000 - 145 - induced bone marrow
apl asi a or nyel osuppressi on, and '

28. A product according to Claim 26, wherein the DNA
sequence is a genomic DNA sequence.

29, A process for the production of a polypeptide
having part or all of the primary structure and cne or more
of the hematopoietic biological properties of naturally
occurring stem cell factor, which process is characterized
by culturing under suitable nutrient <conditions,
procaryotic or eucaryotic host cells transformed or
transfected with a DNA sequence according to any one of
Claims 10 to 19 in a manner allowing the host cell to
express said polypeptide, and isolating desired polypeptide
products of the expression of the DNA sequence.

30. A pharmaceutical composition comprising an
effective amount of a polypeptide according to any one of
Claims 1 to 9 and/or produced by the process of Claim 29,
and a pharmaceutically acceptable diluent, adjuvant or
carrier.

31. Use of a polypeptide according to any one of Claims
1 to 8 and/or produced by the process of Claim 29 for the
manufacture of a medicament for providing hematopoietic
therapy to a mammal.

32. The use according to Claim 31 wherein said therapy
is selected from <the following: the treatment of
leucopenia; the treatment of thrombocytopenia, the

treatment of anemia, enhancing engraftment of bone marrow
during transplantation, enhancing bone marrow recovery in
treatment of radiation, chemical or chemotherapeutic

This is the replacement sheet
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sensitizing cells to chenot herapy. 33. The wuse according to Cdaim
31, wherein the hematopoietic therapy involves the admnistration of said
medi canent. to a donor to increase the nunber of cells available for

t r anspl anthj Replased narr ow aspiration or peri Sobstitutblshedt - 5/8/98

| eucophere ] I]Tl e use of a polypeptide according to any one of
Clains 1t _ uced by the process of Caim?29 for the

manuf acture of a nedi canment for providinggygherapy to a manmal, said therapy
bei ng sel ected fromanongst treatment of: AIDS, nyelofibrosis,

nyel oschl erosi s, osteopetrosis, netastatic carcinoma, acute |eukem a,

mul tiple nyel oma, Hodgkin's disease, |ynphoma, Gaucher's di sease,

Ni emann- Pi ck dinduced Lbener onamgtaw @plesis, ftf rnyelosuppressionastand
anem a, D GlglseﬁlsmsweregnsG@élgafénlo_\eﬁe%ab?r)orregal y, Kala azar,
sarcoidosis, primary splénic pancytopenia, mTliary tubercul osis,

di ssem nated fungus di sease, Fulimating septicema, nmalaria, vitamn [err]
defi ci ency, 83kic Zbed udefiacermding arkd Glhaiodoxdle ddiéxsincythess.
Use of a pol yPREhh¥EpateLLei BetfpPMintiidY 3l dBmihidtrhiiil We RsLdyiced

by the process of ,C ai nL29 for the manufacture of medi canent for
provi di ng therﬁﬁ?"f’ﬁm nt to a donor to 1incCrease e number of cells

available for transplantation after bone marrow aspiration
or peripheral blocod leucopheresis.

34. The use of a polypeptide according to any one of
Claims 1 to 8 and/or produced by the process of Claim 29
for the manufacture of a medicament for providing therapy
to a ma_mm_al,' said therapy being selected from amongst
treatment of: AIDS, 'myelofibrosis, myeloschlerosis,
osteopetrosis, metastatic carcinoma, acute leukemia,
maltiple myeloma, Hodgkin's disease, lymphoma, Gaucher's
disease, Niemann-Pick d4isease, Letterer-Siwe disease,
refractory erythroblastic anemia, Di Guglielmo syndrome,
i:ongestive splenomegaly, Kala azar, sarcoidosis, primary
splenic pancytopenia, miliary tuberculosis, disseminated
fungus disease, Fulimating septicemia, malaria, vitamin Bs,
deficiency, folic acid deficiency and pyrodoxine
deficiency. |

3s. Use of a polypeptide according to any one of Claims
1l to 8 and/or produced by the process of Claim 29 for the
manufacture of a medicament for providing therapy to a
mammal suffering from nerve damage, infertility, or
intestinal damage.

36. Use of a polypeptide according to any one of Claims
1 to 8 and/or produced by the process of Claim 29 for the
manufacture of a medicament for providing therapy of a
hypopigmentation disorder.
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mammal suffering fromnerve damage, infertility, or intestinal damage. 36.
Use of a 'polypeptide according to any one of Clainms 1 to 8 and/or produced
by t he process of C al m 29 for the manufacture of a nedi canent for

provi di n@hmﬁsﬂ opi gnent ati on di sorder. SobE6tutt Wheet h7B/98
7/ 3/ 2000 - ﬂﬁﬁl The use according to any one of Jains 31 to 36
wher ei n t udes adm nistration of at |east one additional

hemat opoi et | c fact or selected from anong G CSF, GwWCSF, CSF-1, IL-1,
IL-2, IL-3, IL-4, IL-5 IL-6, IL- 7 and | > 1 38. The use according to
any one of Clainms 31 to 36 wherein the therapy includes adm nistration of

at | east one additional hematopoietic factor selected fromanong IL-8, IL-9
and IL-10. 3937. Th&hesaisec cmrahndingo tnyamneond Gfacinigs t3d 360 wWA6érei n
the therapy i @p@%&% oy ﬂ'xéfé?& | 102100 e8! 28R E81 s PG ASlIdE AR heast one
hemat opoi eti ¢ t on lﬁ&fn&topozg%f‘cm%tor sélected from among EPO, G-

CSF, GM-CSF, CSF-1, IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-

7 and IGF-1.

#a. The use according to any one of Claims 31 to 36
wherein the therapy includes administration of at least one
additional hematopoigtic factor selected from among IL-8,
IL-2 and IL-10.

3s. The use according to any one of Claims 31 to 36
wherein the therapy includes administration of at least one
additional hematopoietic factor selected from among IL-1l

and LIF,

40. A method of transfecting hematopoietic cells with
exogenous DNA comprising:

(i) Culturing the hematopoietic «cells with a
polypeptide according tqQ any one of Claims 1 to 8 and

(ii) transfacting the cultured cell with exogenous DNA.
41. A kit containing components for culturing bone

marrow cells or peripberal blood pregenitor cells, which
kit comprises: :
(1) a polypeptide according to any one of Claims 1 to

8 optionally in a pharmaceutically acceptable carrier;
(ii) components suitable for preparing medium for
culturing bone marrow cells or peripheral blood progenitor
cells.

42. A kit according to Claim 41, wherein the components

include at least one additional hematopoietic factor
selected among EPO, G-CSF, GM-CSF, CSF-1, IL-1l, IL-2, IL-3,
IL-4, IL-5, IXIL-6, IL~7 and IGF-1l.
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and LIF. 40. A nmet hod of transfecting hematopoietic cells with
exogenous DNA conprising: (i) cul turing the hematopoietic cells

with  apotypeptidé according to any one of Clains 1 to 8 and (ii)

”a“"Sfec“'rrﬂéJShEéma&BUeﬁw*ﬁwcell with exogenous. DNA. &ubstituteASHeek - 5/8/98

cont ai ni ng culturing bone marrow cel ['s or peri pheral ood
pr ogeni t or MMW It conprises; (i) a pol ypeptide according to
any one of 1 optionally i.nig pharnaceutical ly acceptable
carrier; (ii) conponents suitable for preparing nedium for
culturing bone marrow cells or peripheral blood progenitor cells. 42.

kit according to Claim4l, wherein the conponents include at |east one
addi ti onal herfet opoi etd Kifg@acserddngcke €laidhdlzPeherxerisrthagayonadss 1
IL-1, IL-2, |lirdcldde 4.att L-Toadt - @nel Ladd2tiohdX- lhematopdietic 4¥actor A

kit according & QLeldh g6 N 415 GAEPIRERLS

44. A kit according to Claim 41, wherein the components
include at least one additional hematopoietic factor
selected among IL-11 and LIF.

4S. A method for sculturing hematopoietic cells in
vitro, which method comprises:
(i) " placing said cells in a suitable culture medium,

said suitable culture medium containing a polypeptide
according to any one of Claims 1 to 8,

(i) providing suitable conditions for the growth of the
hematopoietic cells.

46. A methoed according to Claim 45, wherein the
suitable culture medium contains at least one additional
hematopoietic factor, selected from among EPO, G-CSF,
&-Ccsy¥, CsF-1, IL-1, IL-2, IL-3, IL-4, IL-S, IL-6, IL-7 and
IGF-1.

47. A method according to Claim 46, wherein IL-3, IL-6
and G-CSF are the additional hematopoietic factors.

48. A method according to Claim 45, wherein the
suitable culture medium contains at least one additional
hematopoietic factor, selected from among IL-8, IL-9 and
IL~10. '

49. A method according to Claim 45, wherein the
suitable culture medium contains at least one additional
hematopoietic factor, selected from among IL-11 and LIF.
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I nclude at | east one additional hematopoietic factor sel ected anong |L-8,
| -9 and "I L-10. 44. A kit according to Claim4l, wherein the conponents
i nclude at | east one additional hematopoietic factor selected anong IL-11

and LI P. 45. A nethod for culturing henmatopoieti g g Vi

whi ch net hod conprises: (i) pl acing said cells™ ubSfits dﬁ:r#@%%%
medi um said suitable culture nedium containing a polypeptide according to
any one of Claims 1 to 8, (ii) . providing suitable conditions for the
growt h of the hematopoietic cells. 46- 147 -A nethod according to daim
45, wherein the suitable culture nmediumcontains at | east one additi onal

hemat opoi eti ¢ factor, selected fromanong EPO, G CSF, GWCSF, CSF-1, IL-1
IL-2, 1L-3, 1804, |L-8 methéd Riccordiigl €6- any4dne of Alaamizodisicewr4iepg to
Clai m 46, wheyRbPelh- Ehe! hefiadB E 8Lf1khgradgifl etic
factors. 48. A nethoh"accgfg?ﬁg' t%EICIgF%1g§@#QH§#E§§P§£2F%é
suitable culture nedium contains at |east one additional henmatopoietic

factor, selecsS®d fronhamathotl a8cokliifigard ahylone of Claims 45 to 49,
wherein the hematopoietic cells are peripheral blood stem
cells. ' ' '

52. A composition containing the polypeptide according
to any one of Claims 1 to 8 covalently attached to a water
soluble polymer.

53. A composition according to Claim 52, wherein the
polymer i§ selected from among polyethylene glycol ox
copolymers of polyethylene glycol and polypropylene glycol.

54. An antibody which salectively binds the polypeptide
according to any one of Claims 1 to 8.

55. A polypeptide according to any one of Claims 1 to
8, wherein one or more cysteine residues is replaced by an
alanine or a serine residue.
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49. , A et REPLACERARNG ~’ﬁﬁgfg] 45, wherein the suitablg,culture
e

o |
medi.um contjaihBestki hgﬁ_sb,( ne_ giti‘%(ﬁal nemat opoi etic factor, sefected from
among |- 13 Bfdialthfs) . palljShg LUPEEShBet - 7/3/200Q o 148 - 80,
met hed accer Qi PgwiRe@ny ,%ﬁf ~of {CPagsdslf5] t o 49, m%@ﬁﬁ—%—ﬁﬁm
cells are _omeAm,r&%@ _‘c%jél“ 5% paged A net hod according to any one of
Cd ains 45 fo 49, er e FREF e--H@nmge@ai..gti1 ocel I's are peripheral blood stem
calls. 52. Alﬁ cogﬁgsi tion containing{the pol ypeptide according to any
one of d ai 5 GF to a water sol uble polyner. 53.
A conposition according to T ai ; rein the polynmer is selected from
among pol yet hpenes 9l ycol or copol ynars of pol yet hyl ene gl ycol and
pol ypr opyl ene gl ycol. 54. An anti body which sel ectively binds the
pol ypeptide according to any one of Clains 1 to 8. 55. A pol ypepti de
according to any one of Clains 1 to 8, wherein one or nore cysteine

residues is rgplaced pypARypeptide which has part or all of the primary

' structure of the sequence set forth in Figure 15C and a
hematopoietic biological property of naturally occurring
stem cell factor. .

2. A polypeptide which has part or all of the primary
structure of the sequence set forth in Figure 42 and a
hematopoietic biological property of naturally occurring .
stem cell factor,

3. A polypeptide which has part or all of the primary
structure of the sequence set forth in Figure 44 and a
hematopoietic biological property of naturally occurring
stem cell factor. '

. 4. A polypeptide which has part or all of the primary
structure of the sequence set forth in Figure 14C-and a
hematopoietic biological property of natﬁrally occurring
stem cell factor. ' '

5. A polypeptide aécording to any one of Claims 1 to
4, which is the product of procaryotic or eucaryotic
expression of an exogenous DNA sequence.

6. A polypeptide according to Claim 5, wherein the
~ exogenous DNA seguence is a cDNa sequence.

7. A polypeptide according to Claim 5, wherein the
exogenous DNA sequence is a genomic DNA sequence.

8. A polypeptide according to any one of Claims 5 to
7, wherein the exogenous DNA sequence is carried on an
autoncmously replicating plasmid or wviral vector.
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al anine or a serine residue. 149 65. A nethod of transferring a gene to
a manmal conprising the steps of: (i) culturing early hematopoietic
progeniter cells with SCF;, 5 (ii) transfecting the cultured

cellsof step (i) with a gene; and (iii) ad”‘”'St%ﬁ?ﬂﬂhﬂﬂEﬂh&ﬁﬂéﬁEﬂZﬁQQ_
cells to said mammal . 10 66. A nethod of treating nerve damage
In a mammal conprising admnistering a therapeutically effective anount of
t he pol ypeptide according to Claiml1l- 181 - 67. A nethod of

treating infertility in a manmal conprising adninistering a therapeutlcally
effective amount of the polypeptide accordlng to daim1l. 20 68.

A method of treatin |nt stin damage Ji.n a mammual 0 ng adm ni sterin
a therapeut|3ally g ypeptide ac rdlng to any onenB %i gm q‘ 9
8, further characterized by being covalently associated

with a detectable label substance.

10. A DNA sequence for use in expressing in a
procaryotic or eucaryotic host cell a polypeptide product
having all or part of the primary structure of naturally
occurring stem cell factor and a hematopoietic biological
property of naturally occurring stem cell factor, said DNA
sequence selected from among:

(2) DNA .sequences set out in Figure 14B, Figure 14¢C,
Figure 15B, Figure 15C or their complementary strands;

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

() DNA sequences which but for the degeneracy of the

genetic code would hybridize to the DNA seguences defined
in (a) and (b) and which'sequgnces code for a polypeptide
having the same amino acid sequences.

11. A DNA sequence for use in expressing in a
procaryotic or eucaryotic host cell a polypeptide product
having all or part of the primafy structure of naturally
occurring stem cell factor and a hematopoietic biological
property of naturally occurring stem cell factor, said DNA
sequence selected. from among:

() . The DNA sequence set out in Figure 42 or its .
complementary strand;

(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)-and which sequences code for a polypeptide
having the same amino acid sequences. '
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efif ecti ve anount of the pol ypeptide according to Caim1l. 25 69.
A nethod of treéating nyeloproliferative disorder in a manmal conprising
adm ni stering a therapeutically effective anount of the pol ypeptid

accofding to aim1 conjugated to a toxin. 30 Substitute 3 eetA7KN2000
pol ypeptide as in Claim48 selected fromthe group consisting of: [err]
[err]

- 142 -

2. A DNA seguence for use in expressing in a
procaryotic or eucaryotic host cell a polypeptide product
having all or part ¢of the primary structure of naturally
occcurring stem cell factor and the bioiogicai property of
being capable of binding to a stem cell factor receptor,
said DNA sequence selected from ameong: _

(a) The DNA sequence set out in Figure 44, or its
complementary strand;

(b) DNA sequences which hybridlze to the DNA sequences
defined in (a) or fragments thereof; and, ,
(c) DNA sequences wnlch but for the degeneracy of the
genetic code would hybridize to the DNA sequences defined
in (a) and (b) and which seqhences code for a polypeptide
having the same amino acid sequences. '

13. A DNA seguence accord;ng to Claim 10, 11 oxr 12 and
including one or more codons preferred for expression in
nonwmammalian_cells. '

14. A DNA sequence according to Claim 13 and including
one or more codons preferred for expression in E. . coli
cells. '

s, A DNA sequence accoxdirig to Claim 10, 11 or 12 and

including one or more codons preferred for expression in
vyeast cells.

l6. A DNA sequence according .to Claim 10, 11 or 12
which encodes expression of human SCF. '

17. A DNA sequence according to Claim 10 or 11 which
encodes expression of a human SCF polypeptide selected frbm
among (using the numbering according to Figure 42) SCF1-
162, SCF1l-164, SCF1-165_, and SCFi-248.

.
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18. A DNA sequence according to Claim 12 which encodes
expression of a human SCF polypeptide selected from among
(using the numbering according to Figure 44) SCFmetl-157,
SCF1-157, SCFmetl~-160, SCFi1-160, SCFmetl—lél, SCF1-161,
SCFmet1~220 or SCF1-220.

19. A DNA sequence according to any one of Claims 10,
11 or 12, which encodes expression of a methionyl residue
at the N-terminal position of a mature version of said
polypeptide,

20. A DNA sequence according to any one of Claims 10 to
19 covalently associated with a detectable label.

2l. A bNA sequence of Claim 20 wherein the label is a
22. A biologically functional plasmid or wviral DNA

vector including a DNA as in any one of Claims 10 to 21.

.23. A procaryotic or eucaryotic host cell transformed
or transfegt_:eci with a DNA sequence according to any one of
Clainms 10'f:;o_ 19 in a manner allowing the host cell to
express said polypeptide product.

24.  ° A host cell according to Claim 23 wherein the host
cell is E, coli. ’

25. A host cell according to Claim 23 wherein the host
cell is a mammalian cell.

26, - A non-naturally occurring polypeptide product of
the expression of a DNA sequence of any one of Claims 10 to
19 in a procaryotic or eucaryotic host. '
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27. A product according to Claim 26, wherein the DNA
sequence is a cDNA sequence.
28. A product according to Claim 26, wherein the DNA

sequence is a genomic DNA sequence.

29, A process for the production of a polypéptide
having part or all of the primary structure and one or more
of the hematopoietic biological properties of naturally
occurring stem cell factor, which process is characterized
by culturing under suitable nutrient conditions,
procaryotic or eucaryotic host cells transformed or
transfected with a DNA sequence according to any one of
Claims 10 to 19 in a manner allowing the host cell to
express said polypeptide, and isolating desired polypeptide
products of the expression of the DNA sequence.

30. ~ A pharmaceutical composition comprising an
effective amount of a polypeptide according to any one of
Claims 1 to 9 and/or produced by the process of Claim 23,
and a pharmaceutically acceptable diluent, adjuvant or
carrier. ' '

31. Use of a polypeptide according tc any one of Claims
1 to 8 and/or producéd by the process of Claim 29 for the
manufacture of a medicament for providing hematopoietic-
therapy to a mammal.

32. The use according to Claim 31 wherein said therapy
is selected from the following: the treatment of
leucopenia; the treatment of thrombocytopenia, the

treatment of anemia, enhancing engraftment of bone marrow
during transplantation, enhancing bone marrow recovery in
- treatment of radiation, chemical or chemotherapeutic
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induced bone marrow aplasia or mnyelosuppression, and
sensitizing cells to chemoctherapy.

33. The use - according to Claim 31, wherein the
hematopoietic™ therapy involves the administration of said
medicament to a donor to increase the number of cells
alveilable for transplantation after bone marrow aspiration
or peripheral bloecd leucopheresis.

-34. The use of a polypeptide according to any one of
Claims 1 to 8 and/or produced by the process of Claim 29
for the manufacture of a medicament for providing therapy
to a mammal, said therapy being selected from amongst
treatment of: AIDS, -myelofibrosis, myeloschlerosis,
ostecopetrosis, metastatic carcinoma, acute leukenmia,
nultiple myeloina, Hodgkin's disease, lymphoma, Gaucher's
disease, Niemann-Pick disease, ‘Letterer-siwe disease,
refractory erythroblastic anemia, Di Guglielmo syndrome,
congest:.ve splenomegaly, Kala azar, sarcoidosis, primary
splenic panc_ytapenia', miliary tuberculosis, disseminated
fungus disease, Fulimating septicemia, malaria, vitamin By
deficiency,' folic acid deficiency and pyrodoxine
deficiency. ' '

35. Use of a polypeptide according to any one of Claims
1 to 8 and/or produced by the process of Claim 29 for the ;
manufacture of a medicament for providing therapy to a
mammal suffering from nerve damage, infertility, or
intestinal damage. '

36. Use of a polypeptide according to any one of Claims
1 to 8 and/or produced by the process of Claim 29 for the
manufacture of a medicament for providing therapy of a
hypopigmentation disorder.
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37. The use according .to any one of Claims 31 to 36
wherein the therapy includes administration of at least one
additional hematopcietic factor selected from among EPO, G-
CSF, GM-CSF, CSF-1, IL-1, IL-2, IL-3, IL-4, IL~5, IL-6, IL-
_ 7 and IGF-1. :

38, The use according to any one of Claims 31 to 36

wherein the therapy includes administration of at least one

aj.dditionai. hematopoigtic factor selected from among IL-8,
- IL~-2 and IL-10.

38. The use according to any one of Claims 31 to 36
wherein the therapy includes administration of at least one
additional hematopoietic factor selected from among IL-11

and LIF,

40, A method of transfecting hematopoietic cells with
exogenous DNA comprising:

(i) Culturing the hematopoietic cells ~ with a
polypeptide according tq any ona of Claims 1 to 8 and

(i) transfecting the cultured cell with exogenous DNA.
41. A kit containing components for culturing bone

wmarrow cells or peripheral bloed progenitor cells, which
kit comprises:

(i) T -a polypeptide accarding to any one of Claims 1 to
8 optionally in a pharmaceutically acceptable carriex;

(ii) components suitable for preparing medium for
culturing bone marrow cells or peripheral blood brogenitor
. cells.

42. - A kit according to Claim 41, wherein the components

include at 1least one additional hematopoietic <factor
salected among EPO, G-CSF, GM-CSF, CSF-i, IL-1, IL-2, IL-3,
IL-4, IL-5, IL-6, IL-7 and IGF-1l.
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43. A kit according to Claim 41, wherein the components
include at 1least one additional hematopoietic factor
selected among IL-8, IL-9 and IL-10.

44. A kit according to Claim 41, wherein the components
include at least one additional hematopoietic factor
selected among IL-11 and LIF.

4S. A method for sculturing hematopoietic cells in
yitro, which method comprises:
‘(ij " placing said cells in a suitable culture medium,

said suiﬁable culture medium containing a polypeptide
accoxding to any one of Claims 1 to 8, _

(ii) providing suitable conditions for the growth of the
hematopoietic cells.

46. A method according to Claim 45, wherein the
suitable culture medium contains at least one additional
hematopoietic factor, selected from among EPO, G~CSF,
GM-CSsF, CSF~1, IL-1, IL-2, IL-3, IL-4, IL-5, IB-G, IL-7 and
IGF-1.

47. A method according to Claim 46, wherein IL~3, IL-6
and G-CSF are tha additional hematopoietic factors.

48. - - A method 'according. to Claim 45, wherein the
suitable culture medium contains at least one additional
hematopoietic factor, selected from among IL-8, IL-9 and
1L-10.

49, A method according to Claim 45, wherein the

suitable culture medium contains at least one additional
hematopoietic factor, selected from among IL-11 and LIF.
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50. A method acceording to any one of Claims 45 to 49,
wherein the hematopoietic cells are bone marrow cells.

51. A method according to any one of Claims 45 to 49,
wherein the hematopeoietic cells are peripheral blood stem
cells. ' ' -

52, A composition containing the polypeptide according

to any one of Claims 1 to 8 covalently attached to a water
soluble polymer.

S3. A composition according to Claim 52, wherein the
polymer is selected from among polyethylene glycel ox
copolymers of polyethylene glycol and polypropylene glycol.
54. An antibody which selectively binds the polypeptide
according tb any one of Claims 1 to 8.

5S. A polypeptide according to any one of Claims 1 to
8, wherein one or more cysteine residues is replaced by an
alanine or a serine residue.
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