-1- - DNA ENCODI NG A GROMH FACTOR SPECI FI C .#OR EPI THELI AL CELLS
FI ELB OF THE | NVENTI ON -1-The present Tnvention relates to

gr owt h vv0 9070873t or.s,. particularly to isolation of a RETI/LIS9L00AL8
growt h factor sjnilar to a famly of

DNA ENCODING A GROWTH FACTOR SPECIFIC FOR EPITHELIAL CELLS

FIELD OF E_INVENTION

The éresent invention relates to growth
factors, particularly to isolation of a
. polypeptide growth factor similar to a family of
S factors including known fibroblast growth factors
(FGFs). This invention also relates to
construc:ion of complementary DNA (cDNA) segments
from messenger RNA (mRNA) encoding the novel
growth factor. Further, this invention pertains
10 to synthesis of prbducts of such DNA segments .by
recombinant cellg, and to the manufacture and use
of certain other novel products enabled by the

identification and cloning of DNAs encoding this

growth factor.
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2 ABBREVI AR ONS USED I N THI'S APPLI CATI"SN  aFGF |

o L S
3

) ACKGROUND O E o)

Growth factors are important mediators
of intercellular communication. These potent
‘molecules are generally released by one cell type

S and act to influence proliferation of other cell
types (see reference I-1 in Experimental Section
I, below). Interest in growth factors has been
heightened by evidence of their potential
involvement in neoplasia (reference II-2 in

10 Experimental Section II, below). The v-sis

transforming gene of simian sarcoma virus encodes
a protein that is.homologous to the B chain of
platelet-derived growth factor (I-1, I-2).
Moreover, a number of oncogenes are homologues of

1S genes encoding growth factor receptors (I-1).
Thus, increased understanding of growth factors
and their receptor-mediated signal transduction
pathways is likely to provide insights into
mechanisms of both normal and malignant cell

20 growth. °!

One known family of growth factors
affecting connective tissue cells includes acidic
fibroblast growth factor (aFGF), basic fibroblast
growth factor (bFBF), and the related products of

25 the hst and in-2 oncogenes.

Further, it is known that some growth

factors,'including the following, have heparin-
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5 HSAC hepari fi-$ephar ose af finity

Y

chr onatworeepes?71 kb - ki | obases kDa} PCT/UBP0/00218 Ons
KGF kerati'nocyte growth factor 10 NaDodSQ PAGE Sodi um
dodecyl sul phate (SDS)/ pol yacryl am de gel

el ectrophoresi s RP- HPLC r evler sed- phase hi gh performance

Liquid chromatogr {) JGFa transform ngﬂgéowth factor a
binding properties: aFGF (I-zo, I-21): I-

19, I-20): granulocyte/macrophage colony
stimulating factor (I-1); and interleukin 3 (I-
1). Each of these polypeptide factors is

5 produced by stromal cells (I-1, I-2, I-25). Such
factors appear to be deposited in the
extracellular matrix, or on proteoglycans coating
the stromal cell surface (I-1, I-25). It has
been postulated that their storage, release and

10 contact with specific target cells are regulated
by this interaction (I-25, I-28).

It is vWidely recognized, however, that
the vast majority of human malignancies are
derived from epithelial tissues (I-5). Effectors

15 of epithelial cell proliferation derived from
mesenchymal tissues have been described (I-1, IQ
2, I-3), however, their molecular identities and
structures have not been elucidated.

In light of this dearth of knowledge

20 about sgﬁy mesenchymal growth factors affecting
epitheliéi cells, it is apparent that there has
been a need for methods and compositions and
biocassays which would provide an improved
knowledge and analysis of mechanisms of

25 regulation of epithelial cell proliferation, ahd,
ﬁltimately, a need for novel diagnostics and

therapies based on the factors involved therein.
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BASKGROUND OF THE | NVENTI ON G owt- factors are inportant
medi at

intercel lular communi cation. Thede pote
m)l ecu%@ggmg’general ly ‘rel eased by one cell type PET/US90/00418

5
This invention contemplates the
- application of methods of protein isolation and
recombinant DNA technologies to fulfill such
needs and to develop means for producing protein
5 | factors of mesenchymal origin, which appear to be
related to epithelial cell proliferation
processes and which could not be produced
otherwise. This invention also contemplates the
application of the molecular mechanisms of these

10 factors related to epithélial cell growth

processes.
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5 and act to influence~pyoliferation of other cell: types (see

r ef er encWQ 90Y08711 Exper i nental Secti on |, bel ow). 71 nt erRESK/USI00SR h
factors has been ' hei ght ened by evj dence of their potential
i nvol venent -in neopl asia (reference 11 in 10 Experinental Section |1

below). The v-sis transform ng gene of siman sarcoma virus encodes
a._protein that is honnlogouggﬁ@nﬁﬁeoﬁifﬁgigueﬁxrggx pl atel et -deri ved
grow h factor (1-1, 1-2). reover, a nunber of oncogenes are
honol ogues of .
2 The present invention relates to
developments of pfotein isolation and recombinant
- DNA technologies, which include production of
5 novel growth factor proteins affecting epithelial
cells, free of other peptide factors. Novel DNA
segments and bioassay methods are also included.
The present invention in particular
relates to a novel protein having structural
10 and/or functional characteristics of a known
family of growth factors which includes acidic
fibroblast growtﬁ factor (aFGF), basic fibroblast
growth factor (bFBF) and the relate& products of
the kst and int-2 oncogenes. _This new member of the
15 FGF polypeptide family retdins the heparin-
. binding properties of the FGFs but has evolved a
unique target cell specificity. This growth
factor appears to be specific for epithelial
cells and is particularly active on
20 keratinocytes. Therefore, this novel factor has
been designated "keratinocyte growth factor"
(KGF). Notwithstanding its lack of activity on
fibroblasts, since it is the sixth known member
of the FGF polypeptide family, KGF may also be
25 referred to as FGF-6.
Accordingly, this invention relates, in

part, to purified KGF or KGF~-like proteins and
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15 ‘genes encoding gr, h factor receptors (I-1).= Thus, increased
under st am0i90£p8971 growt h flfactors and their recept or - nmd:r[at)gm/soqsal

t ransducti on pathways is likely to provide insights into
mechani sns of both normal and nal i gnant fe gr ow h.

One known famly of growth factors affectlng connective tissue cells

I ncl udes acidic fi broblast growh factor (aFGF basi c fi brobl ast
growt h fact or BebheRE, f&ﬁdPFRQaFéPat&BeﬁFoH€€F§¥ﬂs- uch

. purified factors may be made by cultivation of
human cells which naturally secrete these
proteins and application of isolation methods

5 according to the practice of this invention.
These proteins can be used for biochemical and
bioiogical studies leading, for example, to
isolation of DNA segments encoding KGF or KGF-
like polypeptides.

10 The present invention also relates to-
such DNA segments which encode KGF or KGF-like
proteins. In a principal embodiment, the present
invention relates to DNA segments, which encode
KGF-related pfoducts, consisting of: human cDNA

15. clones 32 or 49, derived from polyadenylated RNA
extracted from the human embryecnic lung
fibroblast cell line M426; recombinants and
mutants of these clones; and related DNA segments
which can be detected by hybridization to any of

20 the above human DNA segments, which related

¥y

segments encode_KGF-like proteins or portions
thereof. |
In the practice of one embodiment of
this invention, the DNA segments of the invention
25 are capable of being expressed in suitable host
cells, thereby producing KGF or KGF-like
proteins. The invention also relates to mRNAs

produced as the result of transcription of the
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25 the hst and int-2 onthgenes. Fdrt her, it is known

that so factors, including the foll ow ng, rin-
4 gﬁﬁgyﬁgkg?opeTties: aFGF (1-20, 1-21); bFGF (I- qﬂ%ﬁ“E$B§EV3S
gr anul ocyt e/ macr ophage col ony

8
sense strands of the DNA segments of this

2 invention.
In another embodiment, the invention
relates to a recombinant DNA molecule comprising
5 a vector and a DNA of the present invention.
These recombinant molecules are exemplified by
molecules comprising a KGF cDNA and any of the
following vector DNAs: a bacteriophage A cloning
vector (exemplified by ApCEV9); a DNA sequencing
10 plasmid vector (e.g., a pUC variant); a bacterial
gene expression vector (e.g., pKK233-2); or a
mammalian gene e;p;essiqn vector (such as pMMT).
In still another embodiment, the
invention comprises a cell, preferably a
15 mammalian celi,'transformed with a DNA of the
invention. Further, the invention comprises
cells, including insect cells, yeast cells and
bacterial cells such as those of Escherichia coli and
B. subtilis, transformed with DNAs of the invention.
20 Accordinégto another embodiment of this aspect of
the invention, the transforming DNA is capable of
being expressed in the cell, thereby increasing
in the cell the amount of KGF or KGF-like protein
encoded by this DNA.
25 The primary KGF translation product
predicted from its cDNA sequence contains an

N-terminal hydrophobic region which likely serves
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stimufating factor (l-1).. and interleukin 3 (I- 1) Each of t hese

e~ :

pol ypeptid ors is 5 produced by stromal cells (I-1 | - 25

Such &' &’f’h&g&rs appear to be deposited in the ext B Iq éﬂ““}
matrix, or on proteoglycans coating the stromal cell surface (I-1,
[-25). It has been postul at ed th8t their storage, release and 10
contact with specific target cells are regul ated by this interaction
(1-25, 1-28). as a signal sequence foat degreicoyne®himwei®er, that

: not present in-the mature KGF molecule. In a
-most preferred embodiment of the gene expression
aspect of the invention, the cell transformed by
5 .the DNA of the invention secretes the protein
encoded by that DNA in the (truncated) form that
is secreted by human embryonic lung fibroblast
cells.
Still further, this invention
10 contemplates KGF or'KGF-likg proteins produced ‘by
expression of a DNA of the invention, or by
translation of an"RNA of the invention.
Preferably, these proteins will be of the
secreted form (i.e., lacking an apparent signal
;5 sequence). These protein factors can be used for
functional studies, and can be purified for Co
additional structural and functional analyses,
such as qualitative and quantitative receptor

binding assays. -

20 Moreover, the abilitﬁ to produce large
quantitiesiof this novel growth factor by
recombinant techniques will allow testing of its
c{ip@gal applicability in situations where
specific stimulation of growth of epithelial

25 cells is of particular importance. Accordingly,
this invention includes pharmaceutical

compositions comprising KGF or KGF-like

polypeptides for use in the treatment of such
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the vast majority of human™halignancies are def

f1yed fromepithelial
ti ssues WORYo8™Lifectors 15 of epithelial cell profli’

er atpcmmbewmrb
from mesenchyrmal tissues have been described (I-1, |-
1-3), however, their nolecular identities apd structures have not
been el uct dat ed. In |ight K8t his dearth of know edge 20
about such. nesenc grqQw h factor affectin Ithelial cells, it
i s appar ent ;ﬁan g P@sha§n°1“ 1“gbe RTa eﬁé@ﬂlgerhﬁ@§ﬁaﬂp $nd conposi tions
and Ol G3ERAL° oY €0 WarhE REOukiGuA0es IR 3

transplanted corneal tissue.
According to this embodiment of the
s invention, the novel KGF-like proteins will be

protein products of "unmodified" DNAs and mRNAs
of the invention, or will be modified or
genetic#lly.engineered protein products. As a
result of engineered mutations in the DNA
10 . sequences, modified KGF-like proteins will have
one or more differences in amino acid sequence
from the correspofiding naturally occﬁrring Ywild-
type" proteins. According to one embodiment of
this aspect of this invention, the modified KGF-
15 like proteins will include "chimeric™ molecules
comprising segments of amino acid sequences of
KGF and at least one other member of the FGF
peptide family.
Ultimately, given results of analogous
20 successful approaches with other peptide factors
having siﬁilat properties, development of such
chimeric KGF-like polypeptides should lead to
superior, "second generation" forms of KGF-like
peptides for clinical purposes. These modified
25 KGF-like products might be smaller, more stable,
more potent, and/or easier or less expensive to

produce, for example.
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knomﬁed e _and analy5|s of« mechani sns of 25 regehation of epithelial

cel | proVPr ¥ bn, and; ultimately, a need fior novdlCHURIREEIE s
and therap|es based on the factors invol ved therein.
11

This invention furthér comprises novel
- biocassay metheds for determining expression in
human cells of the mRNAs and proteins produced
from the genes related to DNA segments of the
5 invention. According to one such embodiment,
DNAs of this invention may be used as probes to
determine steady state levels or kinetics of
induction of related mRNAs. The availability of
the KGF-related cDNA clones makes it possible to
10 - determine whether abnormal expression of this
growth factor is involved in clinical conditions
characterized b§ excessive epithelial cell
growth, including dysplasia and neoplasia (e.gqg.,
psoriasis, or malignant or benign epithelial
15 tumors).
This invention also contemplates novel
antibodies made against a peptide encoded by a
DNA segment of the invention. 1In this embodiment
of the invention, the antibocdies are monoclonal
20 or polyq&gnal in origin, and are generéted using
XGF-relaééd polypeptides from natural,
recombinant or synthetic chemistry sources.
The antibodies of this invention bind
specifically to KGF or a KGF-like protein yhich
25 inciudes the séquence of such peptide, preferably
when that protein is in its native (bioclogically
active) conformation. These antibodies can be

used for detection or purification of the KGF or
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This invention contenpl at €Sy the application offﬁﬁthods of protein
i sol at’'i WO 888771 reconbi hant DNA technol ogies to fulfil|PEI/590/00418

needs and to devel op nmeans for producing protein 5 factors of
mesenchymal “origin, which appear to fQe2 related to epithelial cel
proliferation processes and which could not be produced

of her i se. Thig, i BKAQLLOPaR! BE G0BACHBLAREEELEEon or aPPIication of the
nol ecul ar mechani sns 0 ﬁese factors related to epithelial cel
growt h purification of the KGF or KGF-like protein

factors. In a most preferred embodiment of this
aspect of the invention, the antibodies will
'5 -neutralize the growth promoting activity of KGF,
thereby enabling mechanistic studies and,
ultimately, therapy for clinical conditions

\ involving excessive levels of KGF.
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processes. SUMVARY COF E | NVENTI ON

The present .invention rz) ates to devel oprent s fof protein,,i §6’)0€“80n
and rec® WW?I ' - TS
| 13

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. I-1 depicts results of heparin-
Sepharose affinity chromatography of conditioned
- medium from M426 human embryonic fibroblasts
5 showing that greater than 90% of the mitogenic
activity for mouse keratinocytes (BALB/MK) eluted
with 0.6 M NaCl.
Fig. I-2 illustrates results of further
purification of the mitogen from human
16 fibroblasts using HPLC with and adsorptive
matrix. Panel (A) shows the-profile on reversed-
phase (C;) HPLC of BALB/MK mitogenic aétivity.
Panel (B) presents electropﬁoretic (NaDodSO,/PAGE)
analysis of selected fractions from the C,
15 chromatography shown in panel A, demonstrating
that the peak HPLC fractions contained a single
band on the silver stained gel. Panel (C) is a
bar graph of DNA synthesis in BALB/MK cells
triggered by the fractions analyzed in Panel B,
20  showing that the relative mitogenic activity
correlated well with the intensity of the protein
band across the activity profile.
Fig. I-3 presents an alternative
purification step to RP-HPLC, using sieving
25 chromatography with a (TSK G3000SW GlasPac)

column run in aqueous solution near physioclogic
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DNA t echnol ogi es, which in de production of 5 novéh growth factor

pr ot ei ns wHlogggghig epithelia cells, free of other peptide factors.
Novel DNA segnents and bi oassay nethods are al so i ncl uBEE/US90/00418

The present invention in particular {4 relates to a novel protein having
structural 10 and/or functional characteristics of a known famly
of “growt h faqir whikk résultedsima dizjor peakfdHrobtegeniycowt h fact or

(aFGF), basic fibroblast Lgrowth.factor (bFBF) and the rel ated
products of activity in the BALE/MK biocassay.

Fig. I-4 illustrates a comparison of
BALB/MK DNA synthesis in response to TSK-purified
5 mitogen and other growth factors.
Fig. I-5 shows comparisons' of growth of
BALB/MK cells in a chemically defined medium in
response to different combinations of growth
factors.

10 Table I-1 summarizes the results from
various purification steps, documenting that
sieving chromatogrgbhy provided a far better
recovery of agtivity than the adsorptive RP-HPLC
approach.

15 ' Table I-2 recapitulates data on the
target cell specificities of various growth
factors, demonstrating that the newly isolated
factor exhibited a strong mitogenic effect on
keratinocytes (BALB/MK) and, in striking

20 contrast, had no detectable effects on
fibroblasts' or human saphenous vein endothelial
cells.

Fig. II-1 presents the nucleotide
sequence and deduced amino acid sequence of KGF

25 cDNA, as well as identification of RNAs
transcribed from the KGF gene. Panel (A)
outlines a schematic representation of human KGF

cDNA clones. Panel (B) documents the KGF cDNA

———
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the hst vapg0i081712 oncogefes. This new nenber of the"\}:LS ﬁ@é (Bﬁ&h'sde
e

fam |y retains the heparin- bi ndi ng properti'es of th ut has
evol ved a uni que target cell specificity. This growth factor
appears to be specific for epithelial { Bcells and is particularly
active on 20 keratinocytes. Therefore, this novel factor has been
desi gnat ed " keraiclentade gruMprédixdtted amino agie Menhoeshstanding its

| ack of activity on fibroblasts, since it is the sixth known nenber

(C) Identification of RNA transcripts of KGF
genes by Northern blot analysis.
. Fig. II-2 illustrates the topological
5  comparison of the FGF family of related
molecules, including KGF, with emphasis.on the
two protein domains that share high homology, the
putative signal peptide sequences, and the two
conserved cysteine residues.
10 Fig. II-3 shows (Northern blot) analgses
" of expression of KGF-related mRNA in selected
normal human cell 1ines’and tissues, revealing
that a single 2.4 kb transcript was present in
RNA from human embryonic lung fibroblasts and
15 from adult skin fibroblasts, while no transcript
was detected in the (B5/589) epithelial or (HAB3)
glial cell lines, or in primary cultures of human
saphenous vein endothelial cells.
Table II-1 summarizes a comparison of
20 the effect of heparin on KGF mitogenic activity
with effects on other growth factors, showing
that thymidine incorporation into DNA by BALB/MK
cells in response to KGF was inhibited by
heparin, in contrast, to the activities of both
25 aFGF and'bFGF which were increased by the same

treatment.

This Shee

i



of the FGF pol ypeptide fariily, KGF may al so be 25 i Referred to as FG--6.

Accor di ngl LS invention relates, in part, to purified KG- or
KGF- | i ke\gﬁ’?’%{@}kg and : met hods for preparin§GTHES20/00418
proteins. Such 16

DESCRIPTION OF SPECIFIC EMBODIMENTS

This invention relates, in part, to
purified KGF or KGF-like proteins and methods for
" preparing these proteins. A principal embodiment
S of this aspect of this invention relates to
homogeneous KGF characterized by an apparent
molecular weight of about 28 kDa based on
migration in NaDodSO,/PAGE, movement as a single
peak on reversed-phase high.performance liquid
10 chromatography, and a -s_pecific activity of at
least about 3.4 x 10° units per milligram, and
preferably at least about 3.2 x 10° units per
milligram, where one unit of activity is defined
as that amount which causes half of the maximal
15 possible stimulation of DNA synthesis in certain
epithelial (keratinocyte) cells under standard
assay conditions outlined below.
To identi'fy novel growth factors
specific for epithelial cell types, a clonal
20 BALB/c mzﬁse keratinocyte cell line, d_esigﬁated
BALB/MK (I-6) was employed as an inciicator cell
to detect such factors. These cells are
dependent for their growth upon an exogenous
source of an epithelial cell mitogen even in
25 medium containing serum (I-6). The development
of chemically defined medium for these cells has

made it possible to demonstrate that two major
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purified factors may be\nade by cul tivation of ™ human cells which

nat ur alywip gpeseyei € t hese/ proteins and applicatfon of iPZI/HSBOO04EE hods
5 according to the practice of this invention. These proteins can
be used for biochem cal and bi ol ogigal studies |eading, for exanple,
to I sol ati on of DNA segnents encodi ng KGF or KGF- i ke

pol ypepti des. pj¢8genic pathwathSrErQEEﬁirbaVQatr' PALN/MK rel ates to
such DNA segnents whi ch encode KG- or

proliferation.- One involves insulin-like growth
factor I (or insulin at high concentration) and
the other is satisfied by epidermal growth factor

S ' (EGF), transforming growth factor a (TGFa),
acidic fibroblast growth factor (aFGF) or basic
fibroblast growth factor (bFBF) (I-7).

By using BALB/MK as the prototypical

epithelial cell line and NIH/3T3 as its

10 fibroblast counterpart, conditioned media from.
various human cell lines were assayed for new
epithelial cell-gpecific mitogens. These
bioassays of this invention enabled the
purification to homogeneity of one such novel

15 growth fﬁctor, released by a human embryonic lung
fibroblast line, and designated herein as
keratinocyte growth factor (KGF).

In brief, the biocassay for KGF-like

activity under standard conditions comprises the

20 ~following .steps:

| (1) ﬁShse keratinocytes (BALB/MK cells) are
grown in culture to confluency and then
maintained for 24-72 hr in serum-free mediunm;
(ii) Following addition of test samples,

25 stimulation of DNA synthesis is determined by
incorporation of H-thymidine into acid-
precipitable DNA.
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proteins. In a principal enbodlnent t he present TYinvention relates to

DNA segwenwovosamhi ch encode ' KGF-r el at ed product s, * conRCEUSJOH0418 uman
cDNA 15 clones 32 or 49, derived from pol yadenyl ated RNA

extracted fromthe human enbryonic | ung fibroblast cell line MA26;
reconbi nants and mut ants of these clones; and rel ated DNA segnents
whi ch can be detected ITp debexrtinet ithve toeldntarget28pectilfdcityve human DNA
segnents, which rel ated segments encode KG--1ike proteins or
portions of a mitogenic.growth factor, the DNA synthesis

stimulation, expressed as ratio of stimulated
synthesis over background incorporation of
5 "thymidine in the absence of added test sample,
can be compared to analogous stimulation observed
in cells other than keratinocytes under the same
assay conditions. 1In such comparisons, KGF
mitogenic activity will exhibit marked
10 specificity for the keritinocytes as opposed to
fibroblasts (at least about 500-fold greater
stimulation) and }esser but significant (at least
about 50-fold) greater activity on keratinocytes
than on other exemplary epithelial celi types
15 (see Table I-2 for further data, and Materials
and Methods in Experimental Section I for details
of the standard conditions of the bioassay).
- By employing a method of KGF production
inﬁolving culturing cells and isolating mitogenic
20 activity, which method comprises ultrafiltration,
heparin-sépharose affinity chromatography (HSAC)
and adsorptive reversed-phase.high performance
liquid chromatography (RP-HPLC) or,
alternatively, molecular sieving HPILC (TSK-HPLC),
25 according to the present invention, a quantity
was isolated sufficient to permit detailed
characterization of the physical and biological

properties of this molecule.
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t her eof . ~+ 1N the practice of one e I ment of this

vent! o op R reopt s of the Lnvention 2s e Tng R SPuRg,

t her eby produci ng
proteins. The invention also relates to nMRNAs produced as the
result of transcription of the 19

To summarize, the method for production
of KGF from producing cells such as M426 human
embryonic fibroblasts (I-8), for example,
comprises the following steps: .

5 | (1) Preparation of conditioned media (e.gq.,
10 liters) using monolayer cultures cycled from
serum-containing to serum-free medium and storing
the serum~-free harvest at =-70°C until further
use; _

10 (ii) Concentration by ultrafiltration using
membrénes having a 10 kDa molecular weight cutoff
in several successive steps with intervening
dilution in buffer (to facilitate removal of low
molecular weight materials), followed by optional

15 storage at -70°C;

(iii) Affinity chromatography on heparin
attached to a polymeric support (e.g., Sepharose)
with elution by a gradient of increasing NaCl

' concentration; |

20 (1v) COncentratxon by a factor of at least
ten- to twenty-fold with small scale
ultrafiltration devices with a 10 kDa molecular
weight cutoff (e.g., a Centricon-10
microconcentrator from Amicon) and storage at

25 -70°C.

The next step of the purification
process comprises either step (v) or,

alternatively, step (vi), as follows:
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8 . sense strands of t 3 DNA segnents of this "invention.

| n anot keo 9g/aseel nent , the I nvention relates to a I ec poipy 0S9U700416
nol ecul e conprising- 5 ‘a vector and a DNA of the present invention.
These reconbi nant nol.ecul es are exenpllfqgg by nol ecul es conprising a

KGF cDNA and any of the

- (v) Reversed-phase HPLC of active fractions
(0.6 M NaCl pool) from the previous HSAC step in
organic solvent systenms;
or,

5 ' (vi) Molecular sieve H?LC (e.g, on a TSK-
G3000SW Glas-Pac Column from LKB) in aqueous
buffer at near physiological pH (e.g., Tris-HC1l,
pPH 6.8/0.5M NaCl) followed by storage at =70°C.

A preparation made by the TSK step (vi)
10 was almost as pﬁre as one obtained from RP-HPLC,
as judged by silver-stained NaDodSO,/PAGE (data
not shown); but the TSK approach provided a far
better recovery of activity (Table I-l1).
Further, the TSK-purified material had a higher
1s specific activity than the RP-HPLC material. KGF
prepared by the TSK procedure above stimulated
DNA synthesis in epithelial cells at sub- .
nanomolar concentrations, but failed to induce
any thymidine incorporation into DNA of
20 fibroblasts or endothelial cells at comparable or
higher co;zentrations.(up to 5 nM). The activity
was sensitive to acid, heat and solvents used in
the RP-HPLC step. (See Experimental Section I for
data on sensitivities and further details of the
25 production method.)
Using standard methodology well known in
the art, an unambiguous amino acid sequence was

determined for positions 2-13 from the amino
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follow ng vector DNAs: a.Jbacteriophage A cloning . vector (exenplified
by [err] CEV9); a DNA sequencing 10 pl asm d vector (e.g., a pUC variant);

a bact erywel 90/08771 gene expression vector (e.g., pKK233-2); osCHUS90/00418
manmal i an gene expression vector (such as pMWIN). In stil
anot her enbodi nent, the |nve2m2?p conprises a cell, preferably a 15
manmal i an cel |, transforned wth a of the |nvent|on Furt her,

thg i nvention ¢gpRihG8Sof the pﬁ%hk&edlRckudhﬁgfbnieﬁk-cewéh-'VeaSt cells
o Asp-Met-Thr-Pro-Glu-Gln-Met-Ala-Thr-Asn-Val (see
Experimental Section I).
The present invention also includes DNA
5  segments encoding KGF and KGF-like polypeptides.
The DNAs of this invention are exemplified by
DNAs referred to herein as: human cDNA clones 32
and 49 derived from polyadenylated RNA extracted
from the human embryonic lung fibroblast cell
10 line M426; recombinants and mutants of these
clones; and related DNA segments which cén be
detected by hybr{aization to these DNA segments.
As described in Experimental Section II,
to search for cDNA clones corresponding to the
15 known portion of the KGF amino acid sequence, two
| pools of oligonucleotide probes were generated
based upon all possible nucleotide sequences
encoding the nine-amino acid sequence,
Asn-Asp-Met-Thr-Pro-Glu-Gln-Met-Ala. A cDNA
20 library wé; constructed in a ¢DNA cloning vector,
APCEVY9, using polyadenylated RNA extracted from
the human embryonic lung fibroblast cell line
M426 which was the initial source of the growth
factor. Screening of the library (9 x 10°
25 plaques) with the 32p.jabelled oligonucléotides

identified 88 plaques which hybridized to both

prebes.
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bacteri al

cells such as thdse of Escherichia coli and™ B.

the trans

subtilis,

B - . - - *
transfo DNAs of the invention. 20 According to Qﬁh .
enbodingﬁsg%%k%ﬂis aspect- of t he inventi on, dbﬁlnémg&i S

capabl e of

the cell the anpunt of KGF or KG--I

25

its cDNA sequence contalns a

bei ng expressed in 2e§ cell, thereby increasing
K

in

rotein encoded by this DNA

The pri gy té‘@sﬂ Qﬁ?g‘{ edicted from
?ﬁ Gﬁitemnna chm werd

likely serves analyzed, one,.designated clone 49, had a cDNA

10

15

20

25

insert of 3.5 kb, while the rest had inserts

ranging from 1.8 kb to 2.1 kb. Analysis of the

' smaller clones revealed several common

restriction sites, and sequencing of a
representative smaller clone, designated clone
32, along with clone 49, demonstrated that they
were overlapping cDﬁAs (Fig II-1A). Alignment of
the two cDNAs established a continuous sequence
of 3.85 kb containing the éomplete KGF cdding
sequence. The sepse strand DNA nucleotide
sequence, and the predicted primary protein’
sequence encoded, are shown for the full-length
composite KGF cDNA sequence in Fig. II-1B.

These DNAs, cDNA clones 32 and 49, as
well as recombinant forms of these segments
comprising the complete KGF coding sequence, are
most preferred DNAs of this invention.

From the cDNA sequence, it is apparent
that the éfinary KGF and As: translation products
contain hydrophobic N-terminal regions which
likely serve as signal sequences, based on
similarity to such sequences in a variety of
other proteins. Accordingly, this N-terminal
domain is not present in the purified mature KGF
molecule which is secreted by human embryonic

fibroblasts.

ObIC regi on which
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as a’'signal sequence fok secretion and which is , Not present in the

mat ur e ule. Inia nmost preferred enbodi ment ofc-FARIBERA1S8
expressﬁﬁiﬁdﬂ%fyi aspect of the invention, the cell transforne y 5 t he
DNA of the invention secretes the proteuz.'5 encoded by that DNA in the

(truncated) formthat

Furthermore, KGF shares with all other
members of the FGF family two major regions of
homology, spanning amino acids 65-156 and 162-189

- in the predicted KGF sequence, which are
5  separated by short, nonhomologous series of amino

acids of various lengths in the different family
members. The sequence of the purified form of
KGF contains five cysteine residues, two of which
are conserved throughout the family of FGF

10 related proteins. Five pairs of basic residues
occur throughout the KGF sequence. This same
pattern has been sobserved in other FGF family
menmbers.

It should be obvious to one skilled in

15 the arﬁ that, by using the DNAs and RNAs of this
invention in hybridization methods (such as
Southern blot analyses of genomic human DNAs),
especially the most preferred DNAs listed herein
above, without undue experimentation,. it is

20 possible to screen genomic or cDNA libraries to
find othe;gch-like DNAs which fall within the
scope of this invention. Furthermore, by so v
using DNAs of this invention, genetic markers
associated with the KGF gene, such as restriction

25 fragment length polymorphisms (RFLPs), may be
identified and associated with inherited clinical

conditions involving this or other nearby genes.
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i s secreted by human enbrygni ¢ 1ung fi brobl ast fzklls.

Still fywidppegr7ihis invention 10 contenpl ates KGF or KECT/URB049P418& i ns
produced by expression of a DNA of the invention,

_ or by
translation of an RNA of the invention. Preferably, these proteins
wi |l be of the secreted form (i.e., |acking an apparent signal 15

sequence). These prot epyid aivent iman disadidattludes modiffedict i onal
studi es, and can be purified for
forms of KGF DNAs. According to a chief
embodiment of this aspect of.the invention, such
modified DNAs encode KGF-like proteins comprising
5  segments of amino acid sequences of KGF and at
least one other member of the FGF peptide family.
Thus, for exanmple, since there is no significant
N-terminal homology between the secreted form of
KGF and analogous positions in other FGF-related
10 protéins, polypeptides with novel structural and
functional properties may be created by grafting
DNA segments enceding the distinct N-terminal
segments of another polypeptide in the FGF family
onto a KGF DNA segment in place of ifé usual NH,-
15 terminal sequence.

The polypeptide chimeras produced by
such modified DNAs are useful for determining
whether the KGF NH,-terminal domain is sufficient
to account for its unique target cell

20 specificity. Studies on chimeras should also
provide fﬁéights into which domains contribute
the different effects of heparin on their
biologic activities.

Indeed, the utility of this approach has

25 alrea&y been qonfirmed by the successful
engineering and expression of a chimeric molecule
in which about 40 amino acids from the NH,-

terminus of the secreted form of KGF (beginning
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additional structural amd functional analyses, : such as qualitative

and quaRig é@bs¥8 recept of bi ndi ng assays. 2 PCT/USOROOARB ET ,
the ability to produce |arge gquantities of this novel growth factor
by - reconmbi nant techniques will ®I%ow testing of its

clinical applicability in situations where specific stinulation of

growt h of epitRgltmline 2inino A hSinsl GyPardd fdiérc NORE tdeEre

Accordi ngly, this invention includes pharnmaceuti cal
KGF form, numbered 32 in Fig II-1, and ending at
KGF residue 78, arg) is linked to about 140 amino
acids of the CO;~terminal core of aFGF (beginning

5  at residue 39, arg, and continuing to the C-

terminal end of the aFGF coding sequence. This

chimeric product has a target cell preference for

keratinocytes, like KGF, but lacks susceptibility

to heparin, a characteristic which parallels that
10  of aFGF rather than KGF. This novel KGF-like .

' growth factor may have advantages in clinical
applications wheye admipistration of an
epithelial-specific growth factor is desirable in
the presence of heparin, a commonly used

15 anticoagulant. Further details of the
construction of this chimeric moleculé and the
properties of the polypeptide are described in
Experimental Section II.

Other DNAs of this invention include the

20 following recombinant DNA molecules comprising a
KGF CDNA ‘dnd any of the following exemplary
vector DNAs: a bacteriophage A cloning vector
(APCEV9) ; a DNA sequencing plasmid vector (a puUC
variant); a bacterial expression vector (pKK233-

25 2): or a mammalian expression vector (pMMT/neo).

Such recombinant DNAs are exemplified by
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conposi tions conprisinglqﬁior KGF-1i ke polyﬁgbtides for use in t he

t r eat mewo 96/081mh 10 condi tions, i MEVIITNG/00438
exanpl e, healing of - ‘wounds due to burns or stimnulation of

transpl anted corneal tissue. 2 BAccording to this enbodi nent of
t he

constructs described in detail in the

Experimental Sections.

Most preferred recombinant molecules
include the following: molecules comprising the

5 " coding sequence for the secreted form of kGF_and
a bacterial expression vector (e.g., pKK233-2) or
a cDNA encoding the entire primary translation
product (including the NH,-terminal signal
peptide) and a mammalian expression vector

10 ; (exemplified by pMMT) capable of expressing
inserted DNAs in mammalian (e.g., NIH/3T3) cells.

cOnstruquon of recombinant DNAs
containing KGF DNA and a bacterial expression
vector is described in Experimental Section II.

15 In brief, KGF cDNA was expressed to produce
polypeptide in E.coli by placing its coding
sequence ﬁnder control of the hybrid trk promoter
in the plasmid expression vector pKK233-2 (iI-
31).

20 Construction of recombinant DNAs
comprisid&fxcr DNA and a nammalign vector capable
of expressing inserted DNAs in cultured human or
animal cells, can be carried out by standard gene
expression technology using methods well known in

25 the art for expression of such a relatively
simple polypeptide. One specific embodiment of a

recombinant DNA of this aspect of the present
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5 “invention, the n I KGF li ke proteins wll Eé protein products

of "unnmad $0/68771DNAs an of the |nvent|on or w | PCHAUSROMIIRI or
genetical ly engi neered proteln prodycts. result of engineered

nmitations in the DNA 10 sequences; dlfled KGF-1i ke proteins will have
one or nore differences in am no acid sequence fromthe correspondi ng
natural | y occuinvertion) dinvolvingyphd mamazl ian wecoodi pgMTp one

enbodi nent of this aspect of this invention, the nodified KG- 15

li ke proteins i#|desercibed ﬁ%ﬁthexlbeIW%lb@utbss sectleonpndsrng segnment s

of am no acid sequences of fnd at Ieast one ot her nenber of the
FGF peptFePRRinapt cells of th inyentdPBry, given results of

analogous 20 euccesshiha RARENER, SEHIad RRRPSE HREAL OIS, | o
polypeptiges-sﬂgyégtig% CQR be employed, in conjunction with
protein production methods of this invention, to
make large quantities of substantially pure KGF
or KGF-like proteins. Substantially pure KGF
protein thus produced can be employed, using
10 well-known techniques, in diﬁgnostic assays to
determine the presence of receptors for this
protein in variogs body fluids and tissue
samp;es.
Accordingly, this invention also
15 comprises a cell, preferably a bacterial or
mammalian cell, transformed with a DNA of the
invention, wherein the transforming DNA is
capable of being expressed. In a preferred
embodiment of this aspect of the invention, the
20 cell transformed by the DNA of the invention
produces “KGF protein in a fully mitogenic form.
Most preferably, these proteins will be of a
secreted form (i.e., lacking an apparent signal
sequence). These protein factors can be used for
25 functional studies, and can be purified for
additional biochemical and functional analyses,

such as qualitative and quantitative receptor
binding assays.
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superior, "second generatioh" forms of KG-1ike "“Peptides for clinicdl

pur poses. These nodified 25 KG--1i ke products m ght be smaller, nore
st abl e, WO%0/087Hor e ‘pot ent, and/or easier or |ess expensivePEE/US90/00418
produce, for exanple. This invention further

conpri ses novel bi oassay net hods 2(% det ermi ni ng expression in
human cells of the nmRNAs and proteins produced

Recombinant E. coli cells have been
constructed in-a bacterial expression vector,
pKK233-2, for production of KGF, as detailed in
Experimental Sectiﬁn II. In summary, several

5 fecombinant bacterial clones were tested for
protein production by the usual small scale
methods. All recombinants tested synthesizgd a
protein that was recognized by antibodies raised
against an amino-terminal KGF peptide (see

10 below). One recombinant was grown up in a one
liter culture which produced recombihant KGF that
efficiently stimulated thymidine incorporation
into DNA of BALB/MK keratinocyte cells, but was
only marginally active on NIH/3T3 fibroblasts.

15 Half-maximal stimulation of the BALB/MK cells in
the standard keratinocyte biocassay was achieved
with a concentration of between 2 to 5 ng/ml,
compared to a concentration of 10 to 15 ng/ml for
KGF purified from M426 cells.

20 One liter of bacterial cells yielded
approx;mately 50 pg of Mono-S purified
recombinant KGF. It will be apparent to those
skilled in the a;t‘of gene expression that this
initial yield can be improved substantially

25 without undue experimentation by application of a
variety known recombinant DNA technologies.

Recombinant mammalian (NIH/3T3 mouse)

cells have also been constructed using the entire
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fromthe genes related T DNA segnents of the 5

. .ﬂj nvention. According
t 0 oné wo®0/e8TBbdi ment, DNAs of this invention may b&®GI{UE9Y9048hes
to determ ne steady state |evels_or kinetics of i nducti on of

rel ated mRNAs. The availability of 2 9the KGF-rel ated cDNA cl ones nakes
It possible to 10 determ ne whether abnormal expression of this

growth factor igge RoNAY bdiheCIsetfueticet iHdIVAThg the mggr acterized by
excessive epithelial cell growt h, including dyspl asia and neoplasia
(e.g., terminal signal peptide) and the vector pMMT/neo,
’ which carries mouse metallothionine (MMT)

promoter and the selective marker gene for

5 neomycin resistance. The cells are being

evaluated for KGF production, particularly for

secretion of the mature form (lacking signal-

peptide) produced by human fibroblasts, using

bicassays of the present invention. This same

10 vector and host cell combination has been used

successfully to express several other similar

recombinant polypeptides, including high levels

of Platelet-Derived Growth Factor (PDGF) A and B

chains (II-32). Accordingly, it will be

15 recognized by those skilled in the art that high

yields of recombinant KGF can '

be achieved in this manner, using the _

aforementioned recombinant DNAs and transformed

| cells of this invention.

20 Ultimately, large-scale production can

be used %B enable clinical testing in conditions
requiring specific stimulation of epithelial cell
growth. Materials and methods for preparing
pharmaceutical compositions for administration of
25 polypeptides topically (to skin or to the cornea
of the eye, for example) or systemically are well

known in the art and can be adapted readily for
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10
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25

or

in origin, and are generated
pol ypept i des frqg;natur

mal i gnant or™~beni gn epitheiial 15 t@ﬁyrs). _
| | so cont enpl at es novel ant i bodi“es ”qﬂ§¥ﬁ%%h/
‘@ﬂ%@@@aﬂby a : DNA segnent of the invention. A

of the invention, the SQbIbOdles are nnnoFIongl
KGF-rel ate

inistragjen a‘?ﬁl%%l%%d HCETh ke Raptidas bi nd

without undue experimentation.

This invention also comprises novel
antibodies made against a peptide encoded by a
DNA segment of the inventién. This embodiment of
the invention is exemplified by several kinds of
antibodies which recognize KGF. These have been
prepared using standard methodoleogies well known

in the art of experimental immunology, as

outlined in Experimental Section II. These
antibodies inﬁlude: monoclonal antibodies raised
in mice against sintact, ‘purified prbteih from
human fibroblasts:'polyclonal antibodies raised
in rabbits against synthetic peptides wigh
sequences based on amino acid sequences predicted
from the KGF cDNA sequence [exemplified by a
peptide with the sequence of KGF residues 32-45,
namely, NDMTPEQMATNVR (using standard one-letter
code for aminc acid sequences; see Fig. II-1)];
polyélonal antibodies raised in rabbits against
both nat&ially secreted KGF from human
fibroblasts and recombinant KGF produced in E. coli
(see above).

All tested antibodies recognize the
fecombinant as well as the naturally occurring
KGF, either in a solid-phase (ELISA) assay and/or
in a Western blot. Some exemplary antibodies,

which are preferred antibodies of this invention,
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specifically to KG or A%KGF-1ike protein which 25‘} I ncl udes

sequencaypfgopegath pept i de; preferably
native (biologically :

used for detecti-on or purification of the ¥XGF or

12

10

15

20

25

appea. to neutralize mitogenic activi
the BALB/MK bioassay.
Fragments of antibodies of this

invention, such as Fad or F(ab)' fragments, which

. retain antigen binding activity and can be

prepared by methods well known in the art, also
fall within the scope of the present invention.

Further, this invention comprises pharmaceutical

compositions of the antibodies of this invention,

or active fragments thereof, which can be
prepared using materials and mgthods for
preparing pharmaceutical compositions for .
administration og polypeptides that are well
known in the art and can be adapted readily for
adminiStration of KGF and KGF-like peptides
without undue experimentation.

These antibodies, and active fragments
thereof, can be used, for example, for detection
of KGF in bioassays or for purification of the
protein factors. They may also be used in
approache#iwell known in the art, for isolation
of the receptor for KGF, which, as described in
Experimental Section II, appears to be distinct
from those of all other known growth factors.

Thése preferred antibodies, and
fragments and pharmaceutical compositions
thereof, which neutralize mitogenic activity of

KGF for epithelial cells, as indicated by the

t he

when that prot eiPCT/€/S90/00418
active) conformation. These anti bodi es can be

. of KGF in
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anti-bodi es can be used for detection or purificatr}n of the KGF or

KGF- | i kw@oo/08771 factors. In a nost preferred enbodi mTEPCTAISYONO1S
aspect of the invention, 'the antibodies will 5 neutralize the growth
pronoting activity of KGF, t her ebyzenabl i ng mechani stic studies and,
ultimately, therapy for clinical conditions I nvol vi ng. excessi ve

l-evel s of KGFBALB/MK assay, for instance, may be used in the
treatment of clinical conditions characterized by
~excessive epithelial cell growth, including
dysplasia and neoplasia (e.g., psoriasis, or
5 ‘malignant or benign epithelial tumors).

This invention further comprises novel
biocassay methods for detecting the expression of
genes related to DNAs of the invention. In some
exenplary embodiments, DNAs of this invention

10 were used as probes to determine steady state _
levels of related mRNAs. Methods for these
bioassays of the jinvention, using KGF DNAs, and
standard Northern blotting techniques, are ' .
described in detail in Experimental Section II.

15 One skilled in the art will recognize
that, without undue experimentation, such methods
may be readily applied to analysis of gene
expression for KGF-like proteins, either in
isclated cells or various tissues. Such

20 . Dbioassays may be useful, for example, for
identification of various classes of tumor cells
or genetic defects in the epithelial growth
processes.

Without_further elaboration, it is

25 believed that one of ordinary skill in the art,
using the preceding description, and following
the methods of the Experimental Sections below,

can utilize the present invention to its fullest
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13 ° BRI EF}DESCRI PTI ON OF THE DRAW NG
-1 depwa So/o@F! ts of heparin- Sepharose affinity chp@ﬁn_t,mr,g(m;g of

conditi oned medi umfrom M426 human enbryonic f| brobl ast's
showi ng that greater than 90% of the 3{50(‘:’6”' o activity for nouse
keratinocytes (BALB/ M) el uted h 0.6 M Nad .
' extent. The material disclosed in the
Experimental Sections, unless otherwise
indicated, is disclosed for illustrative purposes
and therefore should not be construed as being

5 limitive in any way of the appended claims.
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Fig. 1-2 illustrates resﬂlﬁs of further purification of the mtogen

from hu fibroblasts using HPLC with and adsor pti VBCT/US90/00M8/6 i X.
g?ﬁggoms th [

Panel e profirle on reversed- phase (Cerr]) HPLC of
BALB/ I\/D( m togenic activity. Panefd 4B) presents el ectrophoretic
(NaDodSJ err ]/ PAGE) anal ysis of selected fractions fromthe (err]

15 “chr omat ogr aphy shownilgg%ggixghwﬁ@qgggﬁiggi%g t hat the peak
HPLC fractions contained a single and on e silver stained gel.

Panel (C) is a . :
E IDENTIFICATION AND CHARACTERIZATION OF A NOVEL

GROWTH FACTOR BPECIFIC FOR EPITHELIAL CELLS
This section describes experimental work
5 leading to identification of a growth factor
specific for epithelial cells in conditioned
medium of a human embryonic lung fibroblast cell
line. The factor, provisionally termed
keratinocyte growth factor (KGF) because of its
10 predominant activity on this cell type, was
purified to homogeneity by a combination of
ultrafiltration,'Leparin-Sepharose affinity
chromatography an& hydrophobic chromatography on
a C, reversed-phase HPLC column, according to
15 methods of this invention. KGF was found to be
both acid and heat labile, and consisted of a
single polypeptide chain with an apparent
molecular weight of approximately 28,000 daltons.
Purified KGF was a potent mitogen for epithelial
20 cells, capable of stimulating DNA synthesis in
quiescent BALB/MK epidermal keratinocytes by more
than 500-fold with activity detectable at 0.1 nM
and maximal at 1.0 nM. Lack of mitogenic
activity on either fibroblasts or endothelial
25 cells indicated that XGF poséessed a target cell
specificity distinct from any previously

characterized growth factor. Microsequencing
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bar graph of DNA syntheSi’s in BALB/ MK cells t¥iggered by the
fractioRgoopmsyzed in Panel B,. 20 showi ng that the rel BRETESH/004HENi c

activity correlated well with the intensity of the protein
band across ‘the activity profile. Fig. 1-3 presents an
alternative purification step to Q; HPLC, using sieving 25

chr omat ogr aphy péviea1ed BPK amipdsLérdidla®equence cotaifinigmao N aqueous
sol uti on near physiol ogic
significant homology to any known protein. The
release of this novel growth factor by human
embryonic fibroblasts indicates that KGF plays a
5  role in mesenchymal stimulation of normal

epithelial cell proliferation.

METHODS AND MATERIALS

Preparation of Conditjioned Media. An
early passage of M426 humag embryonic

10 fibroblasts (I-8) was plated onto 175 cm’ T-flasks
and grown to confluence over 10-14'days in
Dulbecco's modified Eagle's medium (DMEM; GIBCO)
supplemented with 10% calf serum (GIBCO). Once
confluent, the monolayers were cycled weekly from

1S serum-containing to serum-free medium, the latter
consisting of DMEM alone. The cells were washed
twice with 5 ml of phosphate buffered saline
prior to addition of 20 ml of DMEM. After 72
hrs, culggre fluids were collected and replaced

20 with 35 ml of serum-containing medium. The
conditioned medium was stored at -70°C until
further use.

Ultrafiltration. Approximately ten

liters of conditioned medium were thawed,

25 prefiltered through a 0.50 micron filter

(Millipore HAWP 142 50) and concentrated to 200
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activity in

e

L

14 pH, which resulted in a maj or peak of togenicf

t he BAL 'Qﬁ say. Fig. I-4 illustrates a PR

BALB/ MK synthesi's in-response to TSK-purified 5 nltogen an
grow h factors. - Fig. I-:?Sshows conpari sons of growh of

10

15

20

25

ml using the Pellicon cassette system (Millipore
XX42 00K 60) and a cassette having a 10 kDa
molecular weight cutoff (Millipore PTGC 000 0S5).

After concentration, the sample was subjected to

two successive rounds of dilution with one liter

of 20 mM Tris-HCl, pH 7.5/0.3M NaCl, each
followed by another step of ultrafiltration with
the Pellicon syétem. Activity recovered in the
retentate was either immediately applied to
heparin-Sepharose resin or stored at =70°C.

e af'n-Se harose Affinit

Chromatograph SAC). The retentate from

ultrafiltration was loaded onto heparin-Sepharose
resin (Pharmacia) which had been equilibrgted in
20 mM Tris-HCl, pH 7.5/0.3 M NaCl. The resin was
washed extensively until the optical density had
returned to baseline and then subjected to a
linear-step gradient of increasing Nacl

concentration. After removing aliquots from the

fractions for the thymidine incorporation

biocassay, selected fractions were concentrated

ten- to twenty-fold with a Centricon-10
microconcentrator (Amicon) and stored at -70°c;
eversed-pPhase - . Active
fractions (0.6 M NaCl pool) from the HSAC were
thawed, pooled and further concentrated with the

Centricon~10 to a final volume of <200 gl. The

sample was loaded onto a Vydac C, HPLC column (The
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BALB/ MK cells in a cheniaally defined nediumin ."E response to different

conbi natywe@®H/g8h70r owt h factors. 10 . Tabl e pck/e8907004 1B S
the results from " various purification steps, docunenting that

si evi ng chronat ography provided a fad better recovery of activity
than the adsorptive RP-HPLC approach. 15 Table 1-2

gfgj\f'ht“' ates JUANLIAE croup, HELPEL15S! EaTPERILA CALd Sl VAT OUS

" equilibrated in 0.1% trifluorocacetic acid (TFA,
Fluka)/20% acetonitrile (Baker, HPLC grade) and
eluted with a linear gradient of increasing

5 .acetonitrile. Aliquots for the bioassay were
immediately diluted in a 10-fold excess of 50
kg/ml BSA (Fraction Vv, Sigma)/20 mM Tris-HCl, pH
7.5. The remainder of the sampie was dried in a
Speed-Vac (Savant) in preparation for structural

10 analysis.

Molecular Sieve HPLC. Approximately 50
ul of the twice oconcentrated. heparin-Sepharose
fractions were loaded onto a TSK-G3000SW Glas-Pac
Column (LKB) which had been equilibrated in 20 mM

15 Tris-HCl, pPK 6.8/0.5M NaCl. The sample was
eluted in this buffer at a flow rate of 0.4
ml/min. After removing aliquots for the
biocassay, the fractions'were stored at -70°C.

a O,~Polvac jide

20 ) si aDodso GE). Polyacrylamide
gels wer; Eprepared with NaDodsSO, according to.the
procedure of Laemmli (I-9). Samples were boiled
for 3 min in the presence of 2.5%
2-mercaptoethanol (vol/vol). The gels were fixed

25 and stained with silver (I-10) using the reagents
and protocol from BioRad. Molecular weight

markers were from Pharmacia.
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factors, denonstrating thatf the newy isolated * factor exhibited a -
strong wo ogregim ef fect on keratinocytes (BALB/ MK) arOr/uS»ostoqigi ng
20 contrast, had no detectable effects on fibroblasts or hunman
saphenous veéi n endot hel i al c Fig. Il-1

presents the nucl eotide

kKGF 25

sequence and deduced am no acid sequence of

cDNA, as well as identification of RNAs transcri bed

fromthe KGF gene. Pan thesis Stimulatijon. Ninety-six

10

15

- 20

25

well microtiter plates (Falcon No. 3596) were

precocated with human fibronectin (Collaborative

~ Research) at 1 ug/c:mz prior to seeding with

BALB/MK cells. Once confluent; the cells were
maintained for 24-72 hr in serum-free medium

containing 5 pg/ml transferrin (Collaborative

.Research) and 30 nM Na,SeO; (Baker).

Incorporation of 3H-thymidine (5 pCi/ml final
concentration, NEN) into DNA was measured during
a 6 hr period beginning at 16 hrs following
addition of samples. The assay was terminated by
washing the cells once with ice cold phosphate-
buffered saline and twice with 5% trichloroacetic
acid. The precipitéte was redissolved in 0.25 M
NaOH, transferred‘into liquid scintillation fluid
(Bioflucr, NEN) and counted.

Stimulation of DNA synthesis was
monitofed as described above for BALB/MK cells on
a varzety of other cell lines. NIH/3T3

fihroblasts (I-11) were available from the

'National Institutes of Health, while CCL208

Rhesus monkey bronchial epithelial cells (I-12)
were obtained from the American Type Culture

Collection. The B5/589 human mammary epithelial

~cell line, prepared as described in (I-13), was

obtained from Martha Stampfer (University of

California, Berkeley). The mammary cells were
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outli-nes a schematic repﬁesentatlon of human KGF : }
(B) docwipeisesine KG- CDNA

aci d sequences.

&
cDNA cl ones. Panel

nucl eoti de and PCBIISI0&P438i no
(Cr ldentification of RNA transcripts of KGF

genes by Northern blot analysis. 39
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grown in RPMI 1640 supplemented with 10% fetal
calf serum and 4 ng/ml EGF. When maintained in
serum-free conditions, the basal medium was DMEM.
Primary cultures of human saphenous vein
.endotheliﬁl cells were prepared and maintained as
described elsewhere (I-14). Epidermal growth
factor and insulin were from Collaborative
Research. Acidic FGF and bFGF were obtained from
California Biotechnology, Inc. Recombinant TGFa
was obtained from Genentech, Inc. Media and
serun were either from GIBCO, Biofluid#, Inc. or
the NIH media unit.

Proliferation Assay. Thirty-five mm
culture dishes were precoéted sequentially with
poly-D-lysine (26 ug/cm?j (Sigma) and human
fibronectin, and then seeded with approximately
2.5 x 10° BALB/MK cells. The basic medium was a
1:1 mixture of Eagle's low ca® minimal essential
medium and Ham's F-12 medium, supplemented with 5
pg/ml transferrin, 30 nM Na,SeO; and 0.2 mM
ethanolamiﬁe (Sigma). Medium was changed every 2
or 3 days. After 10 days, the cells were fixed
in formalin (Fisher Scientific Co.) and stained
with Giemsa (Fisher Scientific Co.).

otej jcrosequencing. Approximately
4 pug (-150 pmol) of protein from the active
fractions of the ¢, column were redissolved in 50%

TFA and loaded onto an Applied Biosystems gas-
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Fig. Il-2 illustrates the jopological 5 conparisdn}of the FGF fanmly of
rel ate

I ecul es, including KG, with enphasis-on thgerruseosododfs
proteln &%ﬁgpﬁg?that shar e hi gh honol o

%z t he put ati ve signal peptide
seguences, and the two conservell kys

: teine residues. 10
Fig. 11-3 shows (Northern blot) anal yses of expression of KG--rel ated

PRNA I sel ectghlasy proBRiffkeludiiecel! hafeyapd. Liassdesdnaneal ing
that a.single 2. ﬁb transcri pt” was present
) degradation were carried out and identifications

of amino acid derivatives were made with an

automated on-line HPLC (Model 120A, Applied

5  Biosystems).

RESULTS

to etec .
Preliminary screening of conditioned media from
various cell lines indicated that media from some

10 fibroblast lines contained mitogenic activities
detectable on bo%h BALB/MK and NIH/3T3 cells.
Whereas boiling desfroyed the activity on
BALB/MK, mitogenic activity on NIH/3T3 remained
intact. Based on the known hegt stability of EGF

15 (I-15) and TGFa (I-16), it was reasoned that the
BALB/MK mitogenic activity might be due to an
agent different from these known epithelial
growth.factors.

5§426, a human embryonic lung fibroblast

20 line, was selected as the most productive source
of this Qctivity for purification of the putative
growth factor(s). Ultrafiltration with the
Pellicon system provided a convenient way of
reducing the sample volume to a suitable level

25 for subsequent chromatography. Various

combinations of sieving, ion exchange and
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RNA from human enbryonlc;Iung fibroblasts and 15 fromadult skin

fi brobl | e no transcript was detected in the Uso
ep!thelﬁﬁi OPE?QMBS) ~ glial cell |nes in primary ﬁfﬁ%uregmﬁ?s
human ~ saphenous vein endotheI|64 cel I s. Table I1-1
summarizes a conparison of 20 the effect of heparin on.KG- mtogenic
activity  jsodidetebiectscusing hehrgiavédrdphy or sre stoivdg t hat
t hym di ne incorporation into DNA by BALB/ MK

rarne ) cells in response to-KG-
was i nhibiteddwring the development of a purification scheme,

but all resulted in unacceptably low yields.
on the other hand, heparin-Sepharose affinity

5 " chromatography (HSAC), which has been employed in
the purification of other growth factors (I-17--
I-22), proved to be useful as an early
purification step in the present invention.
While estimates of recovered specific activity

io were uncertain at this stage because of the
likely presence of other factors, the apparenﬁ
yield-of activity was 50-70% with a corresponding
enrichment of approximately 1000 fold.

As shown in Fig. I-1, greeter than 90%

15 of the BALB/MK mitogenic activity eluted from the
~ HSAC column with o;éu NaCl. This peak of
activity was not associated with any activity on
" NIH/3T3 cells (data not shown). A much smaller
peak of BALB/MK mitogenic activity consistently
20 emerged with 0.8 - 1.2M NaCl.

‘Bue to the reproducibility of the HSAC
pattern, active fractions couid be ldentified
presumptively on the basis of the gradient and
optical density profile. Prompt concentration of

25 10-20 fold with the Centricon-10 was found to be
essential for stability, which could be

maintained subsequently at -70°C for several

months.
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heparin, in contrast, to the activities of both 25 dFGF and bFGF whi ch
wer e '”GﬁfﬂﬁﬁﬁmHY the sane treat nent.

16
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 DESCRIPTI ON OF SPECLFI C ENBODI MENTS PCT/US0/00418

Final purification was achieved by RP-HPLC
with a C, Vydac column, a preparative method
suitable for amino acid sequence analysis. While

the yield of activity from the C, step was usually

-only a few percent, this loss could be attributed

to the solvents employed. 1In other experiments,
exposure to 0.1% TFA/50% acetonitrile for 1 hr at
room temperature reduced the mitogenic activity
of the preparation by 98%. Nonetheless, as shown
in Fig. I-2, a single peak of BALB/MK stimulatory
activity was obtained, coinciding witﬁ a_distinét
peak in the optical density profile. The peak
fractions produced a single band upon
NaDodSO,/PAGE and silver staining of the gel (Fig.
I-28), and the relative mitogenic activity of
each tested fraction (Fig. I-2C) correlated well
with the intensity of the bands across the
activity protile.

An alternative purification step to the
HPLC techpique described above, using sieving
chramato§¥iphy with a TSK G3000SW GlasPac colunmn
run in aqueous solution near physiologic pH,
resulted in a major peak of activity in the
BALB/MK biocassay (Fig. I-3). This preparation
was almost as pure as the one obtained from RP-
HPIC as judged by silver-stained NaDodSO,/PAGE
(data not shown) but provided a far better

recovery of activity (Table I-1). The TSK~
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Thi s invention rel ates, Tn part, to purified or KG~-1Ilike proteins

and nmet a9 so/08571 preparing these proteins. A principal "E’i%gé‘%m 5
of . this aspect of tHis invention relates to honogeneous 18

characterized by an appar ent

on m gration in NaDodS( err]/PAGE, novenent as a single

rever sed- pha

specific acti le{k'.fgﬂ?d gﬁéé&fgfcﬁg as‘?ggg %Qgiﬂe§p 8?2'; (r)]gr 3ﬁ|h%/s

mlligram arHj.i.ologlcal.studies as it had a higher specific

activity.

In both types of purified preparations

'(i.e., purified by HPLC or ﬁolecular sieving),

the profile of mitogenic activity was associated

‘with a distinct band on NaDodSO,/PAGE which

10

appeared to be indistinguishable in the two

preparations.

sical and Biological Characterizatio

~of the Growth Factor. The purified factor had an

15

20

25

estimated molecular weight of about 28 kDa based
on NaDodSO,/PAGE under reducing (Fig. I-2) and
non-reducing conditions (data not shown). This
value was in good agreement with its elution
position on two different sizing columns run in
solvents expected to maintain native conformation
(TSK-G3000-SW, Fig. I-3, and superose-12, data
not shown). From these data, the mitogen appears
to consist of a single polypeptide chain with a
moleculartaeight of 25-30 kDa.

The heat and acid lability of the
mitogenic activity were demonstrated using the
BALB/MK mitogenesis bioassay. While activity was
unaffected by a 10 min incubation at 50°C, it was
reduced by 68% after 10 min at 60°C and was
undetectable after 3 min at 100°C. Exposure to

0.5M acetic acid for 60 min at room temperature
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preferably at |east about 3}2 x 10[err] units per 4 mlligram where -
one uni twyogrogiTyity i s defined as that amount whi ch PEI/RE90/ud4is of
the maximal 15 possi bl'e stinmulation of DNA synthesis in certain
epithelial (keratinocyte) cells underLs andard assay conditions
outlined bel ow. - To 1dentify novel growth factors
specific for epl el iG£ld dedd 'a@?‘%" se

kerati nocyte CSHS q'itr"i{ea, ! esdl gnatg e At Xl_l M?"( Il-I%g)L%v_\f:/asﬁﬂeéunpl oyed as an

indicator cell control. In comparison, the mitogenic activity
| of the known growth factor, EGF, was not
_diminished by any of these treatments.
| The dose response curve for the purified
growth factor depicted in Fig. I-4 illustrates
that as little as 0.1 nM led to a detectable
stimulation of DNA synthesis. Thus, the activity
range was comparable to that of the other growth
10 factors analyzed to date. A linear relationship
was observed in the concentration range-o.l - 1.0
nM with maximal stimulation of 600 fold observed
at 1.olnn. The novel factor consistently induced
a higher level of maximal thymidine incorporation
15  than EGF, aFGF, or bFGF in the BALB/MK
keratinocytes (Fig. I-4). .

The distinctive target cell specificity
of this factor was demonstrated by comparing its
activities on a variety of cell types with those

20 of other growth factors known to possess
epitheli;i cell mitogenic activity. As shown in
Table I-2, the newly isolated factor exhibited a
strong mitogenic effect on BALB/MK but also
induced demonstrable incorporation of thymidine

25  into DNA of the other epithelial cells tested.
In striking contrast, the factor had no

detectable mitogenic effects on mouse (or human,
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to detect such factors“:These cells are depgﬁpent for their growh

upon anwexXegesmIys source of an epithelial cell mtogerARRD0/00318 25
medi um cont ai ning serum (1-6). The devel opnent of chem cally

defined medium for these cells has 4§ made it possible to denonstrate
that two maj or

- data not shown) fibroblasts or human saphenous
vein endothelial cells.
By comparison, none of the other known
growth factors appeared to preferentially
5 ‘stimulate keratinocytes. TGFa and EGF showed
potent activity on fibroblasts, while the FGFs
were mitogenic for endothelial cells as well as
fibroblasts (Table I-2). Because of its
specificity of epithelial cells and the
10 sensitivity of keratinocytes in particular, the
' novel mitogenlwas provisioﬁa;ly designated as
keratinocyte growth factor (XGF).
To establish that KGF not only would
stimulate DNA synthesis but would also support
15 sustained cell growth, the ability of BALB/MK
cells to grow in a fully-defined, serum-free
medium supplemented with this growth factor was
assessed. As shown in Fig. I-5, KGF served as an
excellent substitute for EGF but not insulin (or
20 insulin-like growth factor I) in this chemically
defined m;aium. “Thus, KGF appears to act through
the major signalling pathway shared by EGF, aFGF
and bFGf for proliferation of BALB/MK cells.
icrosequenci Reveals a U e _N-termina
25 aAnino Acid Sequence of KGF. To further
characterize the growth factor, approximately 150
pmol of C,~purified material were subjected to

amino acid sequence analysis. A single sequence
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17 ~ nmitogenic pathways} are required for BALB/ MK* J proliferation.
One inv | lin-1ike growth factor | (or insulinr@& ' .
concent (r‘gp%@ﬁésg?lﬁd ) t he ot her i g(g%ﬁﬂ%gt or

, ) zéatisfied by epidernma
5 (EGF), transformng growh factOr¥err] (TG[err]), acidic

fibroblast growh factor (aFGF) or basic fibroblast growh factor

(bFBF) (1-7). was detected wit&”ﬁﬁ§ﬂ£¥béﬁ%§yQ@%f&nﬁéﬁié"ﬁﬁ&ﬁypiCa'
for cycles 2-13, as follows: x-Asn—Asp-Met-Thr-
Pro~-Glu-Gln-Met-Ala-Thr-Asn-Val. High background
noise precluded an assignment for the first

S 'position which is, therefore, indicated by an X.
A computer search using the FASTP
program (I-24) revealed that the N-terminal amino
acid sequence of KGF showed no significant
homology to any protein in the National
10 Biomedical Research Foundation data bank, thus-

supporting the novelty of this epithelial growth

factor. »

DISCUSSION

The studies described in this
15 Experimental Section identified a human growth
factor which has a unique specificity for
epithelial cells. By employing pltrafiltration,
HSAC and RP-HPIC or TSK sieving chromatography
according!;o the present invention, a quantity
20 sufficient to permit detailed characterization of
the physical and biological properties of this
molecule was isolated.
A single silver-stained band
corresponding to a molecular weight of about
25 28,000 daltons was detected in the active

fractions from RP-HPLC, and the intensity of the
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epithelial cell line and‘NIFVSTS as its 10 fi brohl ast counterpart,

condi ti cwwii from - various human cell |ines were gsSpYf@ofgeqisew
epi_thelial ‘cell-specific mtogens. These bi oassays of this invention
enabl ed the " purification to honpd@kneity of one such novel 15

grow h factor, released by a human enbryonic | ung fibroblast |ine,

and desi gnat edp&Racvas aproportiolialatbnengt 2eyedwolt LiaebgenikGr) .
In brief, the bioassay for KG-1ike
activity in these fractions. A band
indistinguishable from that obtained by RP-HPIC
was seen in the active fractions from TSK
5 " chromatography. The purified protein stimulated
DNA synthesis in epithelial cells at sub-
nanomolar concentrations, but failed to induce
any thymidine incorporation in fibroblasts or
endothelial cells at comparable or higher

10 concentrations (up to 5 nM). This distinctive,
taréet cell specificity combined with the single
novel N-terminal ;mino-acid sequence determined
from the purified molecule lead to the conclusion
that'KGF represents a new growth factor.

15 In a chemically defined medium the
purified factor was able to éomplement the
insulin-like growth factor I/insulin growth
requirement of BALB/MK cells and therefore must
act through a signal transduction pathway shared

20 with EGF, TGFa and.the FGFs. Moreover, the new
factor was'more potent than any of the known
epithelial cell mitogens in stimulating thymidine
incorporation in BALB/MK cells. Preliminary
evidence indicateé that this factor is also

25 capable of supporting proliferation of secondary
cultures of human keratinocytes (data not shown).

Handling and storage of KGF were
problematical during its purification. Besides
e

This Sheet Hag Been

T



o o

activity under standard conditions conprises the 20 }# follomdng st eps:
(i) Nbuaﬂohg(gyhnocytes (BALB/ MK cells) are gr own |np g&ﬁ
confl uency and then " maintained for 24-72 hr in serum ee medi uns
(i'i) Following addition of test sanphds, 25 stinul ation of DNA
synthesis is determ ned by I ncorporation of [err]Hthymdine into
aci d- iPsethRkrafte1BMA1ity to acid and hear, it was

unstable to lyocphilization or dialysis. After
HSAC, complete loss of activity occﬁrred within
24 hr.despite the use of carrier proteins,

5 heparin, protease inhibitors, siliconized tubes
or storage At either 4° or -20°C. Only
concentrating the sample at this stage could
preserve its activity.

Furthermore, in order to transfer the

10 dried, purified factor it was necessﬁry to
utilize either strong acid or detergént,
consistent with an adsorptive tendency or
insolubility. Thus, for preservation of
activity, the purified factor was maintained in

15 solution at high concehgrations at -70°C where it
remained stable fof several months.

The ability of KGF to bind heparin may
signify a fundamental property of this factor
that has a bearing on its function invivo. Growth

20j factors with heparin-binding properties include
aFGF (1-561-1-22) bFGF (I-19, I-22)
granulocyte/macrophage colony stimulating faétor
and interleukin 3. (I-25) Each of these is
produced by stromal cells (I-25--I-27). Such

25 factors appear to be deposited in the
extracellular matrix, or on proteoglycans coating
the stromal cell surface (I-25, I-28). It has

been postulated that their storage, release and
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To detern1ne the cell target specisficity of a

mi togénW@NjﬂﬂMh factor, the DNA synthesis sti nul at i pCT/US9p/0a 58 d
ratio of stjnulated’ ' synthesisé er background incorporation of 5

thym dine in the absence of added t
analogous stinul ati on observed

10

15

20

25

sanpl e, can be conpared to

contact with specific target cells are regulated

by this interaction (I-25, I-28). While

mesenchymal-derived effectors of epithelial cell

proliferation have also been described (I-29--I-

31), their identities have not been elucidated.
Its heparin~binding properties, release by human
embryonic fibroblast stromal cells, and
epithelial cell tropism provide KGF with all of
the properties expected of such a paracrine
mediator of normal epithelial céll growth.

The partial amino acid sequence
determined for this new growth factor has enabled
mclecular cloning of its coding sequence and
determination of its structural relationspip to
known families of growth factors, as described in

Experimental Section II, below.
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in cells other than keratinOcytes under the sane {E} assay conditions. °
I N suchwepsdH ?ﬁ gons, mtogenic activity wll extp(gﬂ\msgg;d?gfa 10
specificity, for the keratl nocytes as op ed to fibr

m asts
| east about 500-f ol d greater sti ation) and | esser but significant
(at | east about 50-fold) greater activity on keratinocytes

than on ot her exenpl arycem,tpqmﬂ,gce&lstyﬁﬁﬁ Dédel, TSP Table 1-2 for
further data, and Materials s in Experimental Section |
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of the standard condltlor}s of the bioassay). - By enploying a
met hod wO 96A8771 oduct i on i nvol ving cul turi ng cel | s PCE/USSDADATR)
mtogenic 20 activity, which nethod conprises ultrafiltration,

hépari n- Sepharose affinity chromatogrdpHy (HSAC) and adsorptive
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conprlses the fol l owi ng~§teps: 5 (1)
medi a ( &vQ.90/08771

serum cont ai.ning. to serumfree nedi um and storing

Pr epélfs ati on of condltloned
10 |it'ers) using nonol ayer cul turés cycl ®&CT/USE0/00418

the serumfree

harvest at -70[err]C until further 53 use; 10 (1)
Concentration by ultrafiltration using menbr anes having a 10 kDa
nplecular wei ght cut of f EXPERINENTAL| BEQTTONS{IYe steps with iintervening

dilution in buffer (to facilitate renoval of | ow

~

10

15

20

25

cDNA BEQUENCE OF
A NOVEL EPITHELIAL CELL SPECIFIC GROWTH FACTOR
DEFINES A NEW MEMBER OF THE FGF FAMILY
Work in the previous Experimental
Section I identified and purified a novel
heparin-binding growth factor, designated
keratinocyte growth factor (KGF), which is
particularly active on keratinocytes and appears
to be specific for epithelial cells. This second
Experimental Section describes the isolation and
characterization,of cDNA clones encoding KGF,
using synthetic oligonucleotides, based upon the
experimentally determined NH,-terminal amino acid
sequence, as hybridization probes. Nucleotide
sequence analysis identified a 582~bp open
reading frame which would code for a 194-amino
acid polypeptide that is between 41% and 33%
identical to the heparin-binding acidic and basic
fibroblast growth factors (FGFs), and the related
productssgf the hst and im-2 oncogenes. The KGF
gene RNA transcript is expressed in normal
fibroblasts of “both embryonic and adult origin,
but not in epithelial, endothelial or glial
cells. Thus, KGF appears to be normally
expressed by the mesenchyme, indicating a role in
the regulation of epithelial cell proliferation.

This Sheet Has B

T



nmol ecul ar wei ght naterialsf} fol | oned by optional 15" storage at
-70[err

(iiv)"Affinity chromatography on hep
at\tacheh&!’0 g”p&l ynmeric support (e. Sephar ose) a‘;dr;ﬂéisl??{o(?ﬁl%y a

gradi ent of increasing NaC gd%centratlon 20 (1v)
Concentration by a factor of at |east ten- to twenty-fold with small
scal e uItrafiItratioW nol ecul ar wei ght
~cutoff (e.g., a Centricon-1

solation of ¢ clones. The

purification and N-terminal sequencing of KGF has
been previously described (see Experimental

5 Section I, above and II-3). Pools (50 pmole) of
deoxyoligonucleotides described under Results
were 5' end-labelled using 83 pmole of g<32p-arp
(3000 Ci/mmole, Amersham) and 10 units of T4
polynucleotide kinase.' The recombinant phage

10 carrying cDNA clones were replica plated onto'
nitrocellulose fiiters énd hybridized with
32p.jabelled deog;oligonucleotides in 20%
formamide, 10% dextran sulphate, 10 mM Tris-HCl
(pH 7.5), 8 x SSC, 5x Denhardt's and 50 kg/ml

15 denatured salmon sperm DNA, overnight at 42'&.
Filters were washed in 0.5 x SSC, 0.1% SDS at
50°C and exposed to Kodak X-omat AR film.

DNA_sequencing. The nucleotide sequence

of the KGF cDNA was determined by the dideoxy

20 chain termination method (II-26), of overlapping

restriction fragments, subcloned into pUC vectors

(I1-27)
onst ion o acterj e ssj
vector for KG . KGF cDNA encoding the
25 mature, secreted form of the polypeptide was

placed under control of the hybrid trk promoter
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M croconcentr at or from Am con) and storage at 25

The nextwetgggdh t he purification

or .,

10

1S

20

25

.alternatively, step (8%, as follows:

process conprlses

-70[err]C.

in the plasmid expression vector pKK23,-2 (II-

31), as follows. To accomplish this, a specific

length of KGF cDNA that contained the information

to code for the mature KGF molecule (i.e.,

without its signal peptide) was amplified using

the polymerase chain reaction (PCR) technique

(II-32). The fragment was directionally inserted

between two sites in the vector, namely the NcoI

site, made blunt ended by S1 nuclease digestion,

and the HindIII site, using standard recombinant

DNA methodology. The ehds of the KGF cDNA

produced by the PCR method were as ‘follows: the

5' end was blunt and began with an ATG coden,

followed by the codon TGC for cys residue, number

33, which is the amino terminal residue of the

mature form of KGF (see Fig. II-1), and then the

entire KGF coding sequence. The stop codon, TAA,

and the four bases immediately following, TTGC,

were also included on the 3' end of the cDNA.

The priner used in the PCR method to direct DNA

synthesis to the desired position on the 3' end

of the cDNA included a HindIII site for insertion

of the amplified 'cDNA into the vector DNA.

b a

GF_and

- at . Monoclonal antibodies were

raised in mice against intact, purified protein

from human fibroblasts using § or more
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20 : (v) Reversed-phase HPLC of active fractitns (0.6 M NaCt
pool ) frwme87Gt evi ous HSAC step in organi c sol Vent PCIVER90/00418

or, 5 . (vi) "Mlecular sieve $i§.C (e.g, on a TSK- G000SW
d as-Pac Col um from LKB) in aqueous buffer at near physiol ogi cal pH

(e.qg., Tris-HC1, pH 6.8/ 0.5M NaCl ) followed by storage at -70[err]C
A preparati on sukimaneduws TR e¢eirRs ) Test bleed. were
screened with a solid-phase (ELISA) assay using
highly purified KGF from human epithelial cells
as antigen. Hybridomas were prepared by routine
5 methods and supernatents were screened with the
ELISA assay to detect KGF-reactive antibodies.
Positive clones were serially subcloned by the
usual methods, and selected subclones were grown
as ascites tumors in mice for production of large
10 amounts of antibodies. Antibodies were purified
from ascites fluids employing standard techniques
(e.qg., hydroxyapgtite or immuncaffinity resins).
Polyclonal antibodies against a
synthetic peptide were raised in rabbits by
15 standard'methods, as follows. The peptides were
- made by solid phase technology and coupled to
thyroglobulin by reaction with glutaraldehyde.
Serial subcutaneous injections were made and test
bleed were screened by ELISA as well as other
20 techniques, including Western blot analysis and
mitogenesis bicassay. IgG immunoglobulins were
isclated by gffinity chromatography using
immobilized protein G.
Polyclonal antibodies were raised in
25 rabbits against both naturaily secreted KGF from
human fibroblasts and recombinant KGF produced in
E.coli (see next section), using the following

protocol:
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10 was al nost as pure_gs one obtained from RP-HPLL, as j udged by

si |l ver-st ai ned _NaDodS( erir] / PAGE (dat a not sholn); bu
approacﬁ”?ﬁ@@”ﬁ%ﬁ_a far = - better recovery of activity (%gbp§5$§ﬁ¥¥‘s
Further, the TSK-purified nmaterial had a higher 15 specific activity
than the RP-HPLC material. KGF B frepared by the TSK procedure above

ﬁghgﬁgﬁgfdconcentrgrfzﬁggigggi?&#Egggi%gfaénggggksbgg ;Q?ﬁfhidine
iqporporation into DNA‘Q&ministered in the inguinal lymph '
| nodes:; t
ii) subsequent boosts were made
5 intramuscularly.

Screening of test bleeds included ELISA as well

as Western blot analysis and mitogenesis

bioassay, and IgG was purified as for antibodies

against synthetic peptides, above.
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20 fi.broblasts or endothet al cells at conparabl e ore~= hi gher

concent r gich ogya87qup to 5 nM?{ The activity was sensi ta lalle -
heat and solvents used in’ the RP-HPLC step. (See Expel:?‘rer/eﬁn?grﬁ‘ﬁs
Section | for data on sensiti g Bies and further details of the 25
production met hod.) Usi ng standard net hodol ogy wel |l known
I the art, an unanbi guous ?gsgzmspid sequence was

determ ned for positions 2-13 fromthe am no

IsoLaéion of cDNA clones encoding the
npovel dgrowth factor. To search for cDNA clones
corresponding to the KGF coding sequence, two

5 pools of oligonucleotides with lengths of 26
bases were generated based upoﬁ a nine-amino acid
sequence, Asn-Asp-Met-Thr-Pro-Glu-Gln-Met-Ala, as
determined by microsequencing of purified KGF
(see Experimental Section I, above and reference

10 II-3). One oligonucleotide pool contained a
mixture of all 256 possible coding sequences for
the nine amino acids, while the other contained
inosine residues at the degenerate third position
of the codons for Thr and Pro.

15 This latter design reduced the number of
possible coding sequences in the pool to 16.
Inosine in a tRNA anticodon can form hydrogen
bonds with A, C or U (II-4), and oligonucleotides
that contain deoxyinosine have been shown to

20 hybridize.efficiently with the corresponding cDNA
(II~5).

A cDNA library was constructed in a cDNA
cloning vector, PpCEV9 (II-6) using
polyadenylated RNA extracted from the human

25 embryonic lung fibroblast cell line M426 (II-7),
the initial source of the growth factor.

Screening of the library (9 x 10° plaques) with

This Sheet .

i



REPLACEMENT SHEET 21 term nus of the

purifie follomﬁ Asn- e
Asp- Met c{*ﬁ%@b u-d n- Met - Al a- Thr- Asn- Val (see ' ExpeMGHMSEPL08418 | on

). ~ The present invep@ on also includes DNA 5 segnent s
encodi ng KGF and KGF-1i ke pol ypepti des. The DNAs of this invention

are exenplified bysep_y.pe11ed 26-mer ocligonucleotides

7' identified 88 plagques which hybridized to both
pools of oligonucleotide probes.
Characterjzatjon and sequencing o
5  selected cDNA clones. Of 10 piaque-purified
clones that were analyzed, one, designated clone
49, had a cDNA insert of 3.5 kb, while the rest
had inserts ranging from 1.8 kb to 2.1 kb,
Analysis of the smaller c;ones revealed
10 several common restriction sites. Sequencing of °
a representative smaller clone, designated clone
32, along with ckone 49, demonstrated that they
were overlapping cDNAs (?ig II-1A). Whereas
clone 49 was primed from the poly(A) tail of the
15 message, clone 32 arose during the construction
‘of the 1ibrary.by hybridization of the oligo (4T)
primer to an A-rich sequence in the 3' noncoding

region of the KGF mRNA.

escription of the secuence encodi the
20 KGF_po lxpegtide. Alignment of the two cDNAs

(clones 32 and 49) established a continuous
sequence of 3.85 kb containing the complete KGF
coding sequence (Fig. II-1B). An ATG likely to
be an initiation codon was located at nucleotide
25 position 446, establishing a 582-base pair open
reading frame that ended at a TAA termination

codon at position 1030. This open reading frame
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DNAs referred to herein ag=™ human cDNA cl ones 32 "SNand 49 derived from
pol yaderyoIpamriNA extracte fromthe human enbryonlcPtyﬂgsﬁy@mﬁ§last
cell 10 |1 ne MA26; recomnbi nants-and nutants of these cl ones; and -
rel ated DNA segnents which can be 6 0 detected by hybridization to t hese

DNA segnents. As described in Experinental Section II,

t h f EEHN% fdsfe e tetely] t f th
Kc();‘FSg?n'r(r:]o aglr sequgnce qprf q'ld‘%ctxﬁ ?nggg,nudéég{?ﬁg‘egor boy o ©

pool's I'g probes were

gener at ed calculated molecular weight of 22,512 daltons.
The sequence flanking the ATG codon did
not conform to the proposed GCC(G/A)CCATGG
5 ‘consensus for optimal initiation by eukaryotic

ribosomes (II-8), however, there was an A three
nucleotides upstream of the ATG codon. An A at
this position is the most highly conserved

nucleotide in the consensus. This ATG codon was

10 preceded 85 nucleotides upstream by a TGA stop
codon in the same reading frame.

A l19-amino acid sequence that was
homologous to the experimentally determined
NH,-terminus of purified KGF began 32 amino acids

15 downstream of the proposed initiation codon. |
There was complete agreement between the
predicted and experimentally determined amino
acid sequences, where unambiguous assignments
could be made.

20 To search for homology between KGF and
any knowgipfotein, a computer séarch of the
National Biomedical Research Foundation data base
using the FASTP program of Lipman and Pearson was
conducted (II-9). By this approach, a striking

25 degree of relatedness between the predicted °

primary structure of KGF and those of acidic and
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based, upon al | possible\nucleotide sequences ~ encodi ng the ni ne-am no

aci d segeRFRTT :Asin- Asp- Met - Thr - Pro- G u- d n- Met - Al a. Pcbﬁ,g%émgum g

i brary was, constructed in a cDNA cl oning vector,
pol yadenyl ated RNA extracted from 6 1 the human enbryonlc | ung

fibroblast cell line M426 which was the initial source of the growth
factor. Screpasig BGF,hasl welar s $he r@latleld asi22:. . plaques) with the
[err] P-1abel |l ed ol igonucl eoti des i dentified 88 plaques which

hybri di zed tpudzeolelicoded proteins was revealed.

Expression of mRNA transcripts of the

KGF gene in human cells. In preliminary attempts
5 to examine expression of KGF mRNA in human cells,

a probe spanning the majority of the KGF coding
sequence (Probe A, Figure II-1A) detected a
single 2.4 kb transcript by Northern blot
analysis of total M426 RNA (Figﬁre II-1C). This
10 was considerably shorter than the length of the-
composite cDNA sequence, 3.85 kb,
However,sén screening poly(A)-selected
'M426 RNA, an additional transcript of
approximately 5 kb was detected. Furthermore, a
15 probe derived from the untranslated region of
clone 49, 3' to the end of clone 32 (Probe B,
Figqure II-1A), hybridized only to the larger
message (Figure II-1C). Thus, it appears that
the KGF gene is transcribed as to alternate RNAs.
20 Two other members of the FGF gene family, bFGF
(II-29) ancf int-2 (II-30), also express multiple
RNAs, the significance of which remains to be
determined.
To investigate the normal functional
25 role of KGF, the expression of its transcript in
a variety of human cell lines and tissues was

examined. As shown in Figure II-3, the
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pr obes. - 2 2 . ”\ O 10
pl aque- WO BB408TTIc| ones chat ‘were anal yzed, one, . dési oPCTAISHI/00A8 49,

had a cDNA insert of 3.5 kb, hl e the rest had inserts rangi ng
from1.8 kb to 2.1 kb. Analysis of t

- predominant 2.4 kb KGF transcript was detected in
) each of several stromal fibroblast lines derived
- from ebithelial tissues of embryonic, neonatal
and adult sources, but not from epithelial cell
5 "lines of normal origin. The transcript was also
detected in RNA extracted from normal adult
kidneys and organs of the gastrointestinal tract,
but not from lung or brain. The striking
specificity of KGF RNA expression in stromal
10 cells from epithelial tissues indicated that t@is'
factor plays a normal role in mesenchymal
stimulation of epithelial cell growth.
For comparison, the mRNAs of other
grdwth factors with known activity on epithelial
15 cells were also analyzed in the same tissues as
listed above. Among the epithelial and stromal -
cell lines analyzed, there was no consistent
pattern of expression of aFGF or. bFGF transcripts
(Fig. II-3). The EGF transcript was not
20 expressed an any of the same cell lines, and was
only obsetrved in kidney, among the various
- tissues. Finally, the TGFa message was not
detected in any of the stromal fibroblast lines
and was expressed at varying levels in each of
25 the epithelial cell lines. It was also detected
at low levels in kidney among the tissues

examined (Fig. II-3).
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5 snal | er

sequenci ng of a

32, al oMP MWOR7Y one 49, ‘denpnstrated that they
cDNAs(FigII-lA) Alignment of 10
conti nuous sequence

sequence. The sense strpg
predicted primary protein

full-1ength

10

1S

20

25

cl ones reveal ed several common
rébresentatlve smal | er cl one, deS|gn

seruence encoded are shown fo
heparin. Heparin has been shown to substantially

increase the mitogenic activity of aFGF for a

variety of target cells in culture, and to

. stabilize it from heat inactivation (II-21, II-

22). Despite binding tightly to bFGF, heparin
had minimal effects on its mitogenic activity
(II-22). In view of the relatedness of KGF to
the FGFs, the effect of heparin on KGPF mitogenic
activity was examined. As shown in Table II-1,
thymidine incorporation by BALB/MK cells in
response to KGF was inhibited 16 fold when
heparin was included in the culture medium. 1In
contrast, the activities of both aFGF and bFGF
were increased by the same treatment.

oductio anti-KGF antib es.
Several kinds of antibodies which recognize KGF
or KGF-like polypeptides have been prepared using
standard methodologies well known in the art of
experimental immunology and summarized in the
Methods.ééction, above. These include:
monoclonal antibodies raised in mice against
intact, purified protein from human fibroblasts;
polyclonal antibodies raised in rabbits against
synthetic peptides with seqﬁences based on amino
acid sequences predicted from the KGF cDNA
sequence; polyclonal antibodies raised in

rabbits against both naturally secreted KGF from
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15 conmposi te KG- cDNA sequence in Fig. 11-1B. N These

, CD\WbHebeeea 32 and 49,: as wel | as reconbi nant f pETRUSY0/80a88 €
segments conprising the conpl eéei' KGF codi ng sequence, are
nost preferred DNAs of this |nvent|on

t From t he cDNA
sequence, | |s appar ent at_the ngd. hs ransl ati on

pr oduct s humg nFa|H°HQGﬁ§§h5& rﬁgF@PP énsé%ﬁ 4ﬁ{h likely
\s/aelr?/gt ssofSI gnal ca?: %%%c%séx@aéee J}x) Si m | ari ty to such sequences in a

Monoclonal antibodies from three

different hybridomas have been purified. All

S three recognize the recombinant as well as the
naturally occurring KGF in a solid-phase (ELISA)
assay. None cross-reacts with KGF under
denaturing conditions (in a Western blot), and
none neutralizes mitogenic activity of KGF in the

10 BALB/MK bioassay. |

Polyclonal antibodies were generated

with a synthetic ?eptide with the amino acid
sequence NDMTPEQMATNVR, corresponding to residues
numbered 32 through 44 in KGF (see Fig. II-1),

1s plus an R (arg) residue instead of the actual asp
residue encoded by the cDNA at position 45. The
asp residue is probably glycosylated in the
natural KGF polypeptide and, therefore, appeared
to be an arg in the amino acid sequencing data

20 obtained directlylfrom that polypeptide (see
Discussion; below). Polyclonal antibodies
generated with this synthetic peptide recognize
both naturally occurring and recombinant KGF in
ELISA and Western blot analyses at a level of

25 sensitivity of at least as low as 10 ng protein.
These antibodies, however, do not neutralize

mitogenic activity of KGF in the BALB/MK

biocassay.
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25 ot her proteins. Aegordingly, this N-termnal m domain is not

present W@ 9re87puri fied rfature KGF nol ecul e i ch i PED556/H4
hurman enbryonic fi br obl asgsH _
23 Furthernore, KGF shares with all other

Polyclonal antisera against atact
- natural KGF prgtein recognizes KGF in both ELISA
and Western blot assays. Such antibodies also
appear to inhibit mitogenic activity of KGF in
5 ‘the BALB/MK bioassay.
ess] of KGF _cDNA in [« KGF
CDNA was expressed to produce polypeﬁtide in E. coli
by placing its coding sequence under control of
the hybrid trk promoter (comprising elements of
10 trp aﬁd lac proﬁoters), in the plasmid pKK233-?
(II-31). To accomplish this, a specific length
of KGF cDNA that’contained the information to
code for the mature KGF‘molecule (i.e., without
its signal peptide) was amplified using the
15 polymerase chain reaction technique (II-32). The
fragment was directionally inserted between two
sites in the vector, namely the NecoI site, made
blunt ended by S1 nuclease digestion, and the
HindIII site, using standard recombinan: DNA
20 methodology. Selected recombinants were
| sequenced”ht their cDNA 5' ends to ensure correct
aiiqnment of the ATG initiation codon with the
regulatory elements of the trk promoter.
Several recombinants were tested for
25 protein production by the usual small scale
methods. In bfief, the clones were grown to mid-

exponential phase (ODg, ~0.5), treated with 1 mM
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menbers of the FG- fam |y ™o major regions of | ogy, spanning

ani no ady@$08B7166 and 162- 189 in the predicted kG SP@Wﬁﬂ@ﬁvo&ﬁhCh
are 5 separated by short, nonhog? gous series of am no s of
various lengths in the different fa menbers. The sequence of the

purified formigepro, %mﬁﬂ%g%a@gﬁ%iﬁ ]es“% of which

are conserved throughout the famly o ela pro eins. Five
pairs of basi mirrfigdjesaand cell @H&radtd QHEW Uhur b Kédssequence. This same

polyacrylamide gels for Western blot analysis.
All recombinants tested synthesized a protein
s -that was recognized by antibodies raised against
an amino-terminal KGF peptide. One recombinant
was selected which showed the greatest induction
from IPTG, for further protein analyses.
One liter of bacteria was grown up in
10 NZY broth containing 50 pg/ml ampicillin and 12.5
pg/ml tetracycline, to ODges  “0.5, and treated for
90 min. with IPTG. The cells were collected by
centrifugation, ;esuspenEed in 50 mM sodium
phosphate (Ph 7.3), 0;2 M NacCl, and 1yéed by
15 sonication. Cell debris was removed by
centrifugation, and lysate applied directly to a
heparin-Sepharose affinity column.
As determined by Western blot analysis
and mitogenic activity in keratinocytes,
20 recombinant KGF was eluted in 0.5-0.6 M NaCl.
Subsequenﬁipurification of.the HSAC material with
a Mono-S (FPIC) column (Pharmacia) yielded a
preparation of KGF estimated to be 290% pure, as
judged by electrophoretic analysis using SDSs-
25 polyacrylamide gels and silver-staining.
' Recombinant KGF efficiently stimulafed
thymidine incorporation into BALB/MK keratinocyte

cells, but was only marginally active on NIH/3T3
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pattefn has been observed in other FG- fanily menber s.

It shoul ous to one skilled in t he aFﬁ t hat , | t
DNAs andﬂExﬁg@%?Fthls ) i nventio hybridization met %QH§§@QW4E§
Sout hern bl ot anal yses of genom c hu DNAs) , especially the nost
preferred DNAs |isted herein above, wi t hout undue experimentation,
it is 20 poilstdl casd s S C rieelf geawinal ost DhiNfat i Or adf eshéo find
ot her KG--1ike DNAs which fall within the

i BALB/MK cells in the standard keratinocyte

bioassay was achieved with a concentration of

between 2 to 5 ng/ml, compared to a concentration
5 of 10 to 15 ng/ml for KGF purified from M426

cells. One liter of bacterial cells yielded

approximately 50 ug of Mono~-S purified
recombinant KGF.

Construction of a chimera containing XGF

10 and aFGF sequences. The studies above indicated
that KGF possessed two distinctive
characteristics which might be encoded by
distinct portions or domains of the polypeptide
sequence, as is well known to occur in coding

15 sequences of other multifunctional polypéﬁtides.

- To test this possibility, a chimeric DNA segment
encoding the NH,-terminal sequence of KGF grafted
onto the C-terminal core of aFGF was constructed,
as follows. A Sau3AIl restriction enzyme site

20 (GATC) in the 5' end of the KGF cDNA, within
codons fgé residues 78 and 79 (arg and ile,
‘respectively; see Fig. II-1) was cut and joined
to an homologous site in the aFGF c¢DNA within
codons for am;no acids 39 (arg) and 40. The 3°'

25 and 5' ends of this chimeric DNA were joined to
the vector DNA of the plasmid pKK233-2 by the

same method used for insertion of the XGF cDNA
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scope -of this invention. Fuxthernore, by so usi'ng DNAs of this

i nvent i gy, 44 ¢ markers associated with the KGF ¢
restrictigﬁgﬁggf, fragnment | ength pol ynorphisnms (RFLPs), ng§§%g§ﬂﬁﬂmﬂ§
identified and associated with inherbt®d cli nical condi tions

I nvolving this or other nearby genes.
i encodi.g the secreted form of polypep .de (see

. Methods, above).
When recombinant E.coli cells were
constructed using the vector carrying the
S ‘chimera, and expressions tests were conducted as
described for mature KGF, above, a novel product
with properties of both KGF and aFGF was
produced. The peptide was enriched by heparin-
Sepharose chromatography and found to have a
10  target cell preference for keratinocytes, like
KGF, with minimal activity on fibroblasts
(NIH/3T3). The mitogenic activity of this
chimeric polypeptide lacks, however,
susceptibility to inhibition by heparin, a
15 characteristic which parallels that of aFGF
rather than KGF. In fact, the mitogenic activity
on keratinocytes is actually enhanced by heparin,
as is the case for aFGF. Thus the peptide
domains responsible for cell target specificity
20 and heparin sensitivity are clearly distinct and
readily géparable in KGF, according to the

practice of the present invention.

ISCUSSION

The experiments described in this
25 section illustrate the practice of several
Principal embodiments of the present invention.

These include isolation of cDNAs encoding KGF,
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DNAs

Thi s Ldention al so i ncludes nodi f.ed forns of

. j to a chief enbodi nent of thi:s jaspect
et ﬁg&n%&&jc , < Jasp PeT/U860/00418

. nodi fi ed DNAs sgcode KGF-1ike proteins conprisin
segnents of am no acid sequences ofdz;: ot g

of the PGF peptide famly. Thus,

and at | east one ot her
for exanple, since there is no

si gni fi cant express\rerof nsuchocRNAs yinmaresembinanseceddsd f or m of
KGF and anal ogous positions in other FG--rel ated .

10

15

20

25

production of various antibodies reactive with
KGF, and construction and expression of a
chimeric cDNA encoding a novel growth factor with
amino acid sequences and related functionalities
of both KGF and aFGF. The following points
related to these embodiments may also be noted to
enhance the understanding of the present
invention.

The sequence predicted from the KGF cDNA
agreed with the amino acid sequence determined
from the purified KGF form secreted by human
fibroblasts. Moreover, the sequence offered
potential explanations for positions where
definitive amino acid assignments could not be

made by direct amino acid sequencing. Residues

32 and 46 are predicted from the cDNA sequence to

be cysteines, and'hydrolyzed derivatives of
unmodified cysteine residues are not detectable
following Edman degradation. The predicted KGF
amino acidﬁkequence also contained one potential
N-linked glycosylation site (Asn-X-Ser/Thr) from
residues 45 through 47. If Asn 45 were
glycosylated, it would not be detected by the
amino acid sequencing methods employed here. 1In
fact, KGF migrates as a broad band on

NaDodSO,/PAGE at a higher molecular weight than
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10 proteins, polypeptides wth novel structural and™y functi onal

pr oper tyw@ogigdr7pe creat ed grafting DNA seghents eeaooikse/chis -
di stinct N-term nal- : segnegz of anot her polypeptide in the FG-

famly

term nal sequence. he

onto a KG- DNA seg in place of its usual NHerr]-

such nDdlfledPEﬁﬂéLaFG ﬁgéfEhefBPréééeﬁnPﬁPﬁgln- ighmaePet he KGF

NH err]-term nal i.n_i s uffiC|ent to account for

t.arget cell

10

15

20

25

accoun ed for ycosylation. -

The FGFs are heparin-binding mitogens

with broad target cell specificities (II-10).

"The kst gene was identified as a transforming gene

from a human stomach tumor (II-11), adjacent
normal stomach tissue (II-12), and from Kaposi's
sarcoma (II-13), by standard NIH/3T3 transfection
assays. The product of the im-2 gene is expressed
normally during mouse embryogenesis (II-14) and
aberrantly after proviral integration of mouse
mammary tumor virys'gII-IS).

KGF is the sixth member of the
fibroblast growth factor family to be identified
(II-28). While the name FGF-6 does not seem
suitable because KGF is devoid of activity on
fibroblasts, this nomenclature may also be used
for this growth factor, to denote its structural
relationship to the FGF family. As all
previously characterized growth factors either
exclude ebithelial cells as targets or include
them among a number of sensitive target cells,
the highly specific nature of KGF mitogenic
activity for épithelial cells, and the

sensitivity of keratinocytes in particular, make

it unique.

T e
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20 specificity. Studjes on chineras should also

provi de insights
into which donmins contribute

t he different!ﬁﬁfects of heparin on

their WO/ETilogi ¢ activities. | ndeed, tPHeT{1{$90/¢0418 ¢
this approach has 25 al ready been confirmed by the successf ul
engi neering and expression of a chimeryq nolecule i n which about 40

am no acids fromthe NHerr]-

term nus of the secreted form of KGF
(begi nni ng '

In studies to date, exp;ession of the

E KGF transcript'appeérs to be specific for stromal
cells derived from epithelial tissues, suggesting
'its function in normal epithelial cell

5 proliferation. The availability of the KGF cDNA

clone will make it possible to determine whether
abnormal expression of this growth factor can be
implicated in clinical conditions characterized
by epithelial cell dysplasia and/or neoplasia.

10 Moreover, the ability to produce large quantities
of this novel growth factor by recombinant
techniques should allow ﬁesting of its clinical
applicability in situations where specific growth
of epithelial cells is of particular importance.

1s Alignment of the KGF sequence with the
five other proteins of the FGF family revealed
two major regions of hoﬁology, spanning amino
acids 65-156 and 162-189 in the predicted KGF
sequence, which were separated by a short,

20 nonhomolqgsus series of amino acids with varying

lengths in different members of the family (Fig.

II-2). In the case of im-2, the length of this

sequence was 17 residues, while in Ast, the two

homologous regions were contiguous. In KGF the

25 intervening sequence consisted of five amino

acids.
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(beginning 5 at residue 39, ar

. with one am no temmnal cys residue [err]thé“yature
form NOErA8I7B2 in Fig 11"-1, and endi ng at

| i nked to about 140 am no acbpi of the CJerr]-termnal core of aFGF
, #a

nd continuing to the C

termnal end of the aRf +GRdli M5 SREYEPLSiord) Sthe F amirnio

10

15

20

25

acid sequence was about 44% identical to im-2
(mouse), 39% identical to bFGF (human), 37%
identical to aFGF (human) and 33% identical to
hst (human). In this same region, all six
proteins were identical at 19% of the residues,
and allowing for conservative substitutions, they
shoﬁed 28% homology.

As shown in Fig. II-2, the amino termini
of these related proteins are nonhomologous and
of variable length. The primary KGF and hst .
translation produfts contain hydrophobic
N-terminal regions which likely serve as signal
sequences (II-16). The faét that this N-terminal
domain is not present in the mature KGF molecule
(Fig. II-1B) further supports this conclusion.

In contrast, the FGFs are synthesized apparently
without signal peptides (II-10).. The im-2 protein
contains an atypically short region of N-terminal
hydrophobic residues (II-17), but it is not known
if the protein is secreted. Moreover, the in-2
protein contains a long C- terminal extension
compared to the other farily members. |

Purified KGF contains five cysteine
residues, two of whigh are conserved throughout
the family of FGF related proteins (Fig. II-2).

Also of note are the five pairs of basic residues
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chi meri c product has a target cell preference for -~ keratinocytes, |ike

KGF, bu usceptibi'lity to heparin, a characterpstj '
paralle?ﬁi?ﬁg§rﬁ10 ~of aFGF rather than KGF. This novel Kgg?bﬁﬁgpb&ﬁs
growm h factor may have advantages in & Bni cal appl i cations where
adm ni stration of an epithelial -specific growh factor is desirable
in t h& HHRERTNRA ABhd HEF | sequieriddONtYisSE8me Lpattaphi coagul ant .
Further details of the construction of this chimeric nolecul e and
the has been observed in other FGF family members and

may be involved in their interaction with heparin
(II-18). Dibasic sites are also common targets
5 for proﬁeolyﬁic processing and such processing
might account for the microheterogeneity observed
' in some KGF preparations (unpublished data).

The KGF cDNA sequence was AT rich

throughout its length, but particularly so in the

10 3' untranslated region where the AT content was

. 70% as compared to 60% in the putative coding

sequence and 63% in the 5' untranslated region.
The 3' untranslated region contained a large
number of ATTTA sequences, which have been

15 proposed to be involved in the selected '
degradation of transiently expressed, unstable
RNAs (II-19). There was no classical AATAAA
polyadenylation signal but two variant sequences,
AATTAA and AATACA (II-20), were detected 24 and

20 19 nucleotides, respectively, upstream of the
poly(A) s;auence at the 3' end of the cDNA.

It has been suggested that the heparin
effect on acidic” FGF is either due to
stabilization of the active conformation of the

25 growth factor or to formation of a tertiary
complex with acidic FGF and its receptor (II-21,
II-22). If so, heparin may stabilize a
conformation of KGF that is not as ﬁctive as the
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properties of the pol ypepttde are described in Experinmental Sectioh

1. WO 90/08771 O her DRAs of this invention include tRET/US90/00418 -

fal | owi ng recombi nant DNA nol ecul es] ‘orrpri sing a KGF cDNA and any of
the follow ng exenplary vector DNAs: a bacteriophage A cloning

vect or ([err] pCEVY); a DNA sequencing plasmd vector (a puC
variant); a Bueeemp pca%sre9§|6ﬁrmeét§igprﬁgmalex gBat ig): or a mammalian
expressi on vector (pMVI/ neo). Such reconbi nant DNAs are exenplified

by unable to efflczently 1nteract with its receptor.

. While its ability to bind heparin
reflects the structural similarities of KGF with

5 the FGF's, the differences in target cell

specificities between these related mitogens is
remarkable. The FGF's induce division of most
nonterminally differentiated cells of both
embryonic mesodermal and neuroectodermal origin.

10 In addition to fibroblasts and vascular

" endothelial tissues, mesodermally derived targets
in culture includ% myoblasts, chondrocytes and
ostecblasts (II-23). FGF's are also mitogenic
for glial astrocytes and neuroblasts (II-24).

15 The product of the oncogene isolated from
Kaposi's sarcoma, wﬂich is identical to Ast, also-
stimulates proliferﬁtion of NIH/3T3 and capillary
endothelial cells (II-25). To date, KGF induced
mitogenesis has only been observed in epithelial

20 celis, and the absence of any detectable activity
in fibroblasts or endothelial cells has also been
demonstrated (see Experimental Section I, above
and II-3). It seems likely, therefore, that KGF
acts through a different cell surface receptor

25 than the FGFs.

~ There is no significant N-terminal
homology between KGF and other FGF-related

proteins. Thus, the construction of chimeric
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26 . constructs described in detail in the Experimental Sections.

Most preferred reconblnant nol ecul es |ncluﬂhithe fol | ow ng:
mol ecuMER 98/0RPHI sing the 5 codi ng sequence for the secPETEISYIPMIB KGF
and _

75

~

molecuies between KGF and a prototype .GF was
undertaken to determine whether the KGF
N-terminal domain is sufficient to account for
its unique target cell specificity. The results
5 ‘on the first such recombinant polypeptide
sequence indicate that the N-terminal domain of
KGF essentially encodes the cell preference for
keratinocytes, while the susceptibility of KGF to
heparin is encoded somewhere in the C-terminal
10 core region which was replaced by sequences of °
. "aFGF. This novel KGF-like érowtﬁ factor ﬁay have
advantages in clirical applications where
administration of an epithelial-specific growth
factor is desirable in the presence of heparin, a
15 commonly used anticoagulant. Additional studies
on chimeras should also provide insights into
which specific domains in the C-terminal core
contribute the different effects of heparin on
their biologic activities.

iy
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this aspedosedrri he present ! PCT/U890/00418
i nvention, |nvolving the mamralian vector pMMI, i s described further
bel ow in this section under recdnDi nant cells of this invention.

. II-24. Gensburger, .C., Labourdette, . and
Sensembrenner, M. (1987) FEBS Leu. 217,
1-5.
II-25. Delli-Bovi, P, Curatola, A M., Kern, F.
5 ' G., Greco, A., Ittman, M. and Basilico,
C. (1987) Cell 50, 729-737.
II-26. Sanger, F., Nicklen, S. and Coulson, A.

R. (1977) Proc. Nail. Acad. Sci. USA 74, 5463
5467.

10 II-27. Yanisch-Perron, C., Vieira, J. and
Messing, J. (1985) Geme 33, 103-119.
II-28. Zhan, X., Bates, B., Hu, X. and
Goldfarb, M. (1988) Mol. Cell. Biol. 8,
3487-3495.
15 II-29. Abrahams J. A., Mergia, A., Whang, J.L.,
Tumolo, A., Friedman, J., Hjerrilad, K.
A., Gospodarowicz, D. and Fiddes, J. C.
(1986) Science 233, 545-548.
II-30. Mansour, S. L. and Martin, G. R. (1988)
20 EMBO J. 1, 2035-2041.
II-31. Aﬁhan, E. and Brosius, J. (1985) Gene 40,
183.
II-32. Sakai, R. K., Scharf, S., Faloona, F.,
Mullis, K.B_., Norn, G.T., Erlich, H.A.

25 and Arnheim, N. (1985) Science 230, 1350~
1354.

eet Has Been Replaced

T



DNAs and sense strand RNAs of this 5 invention can be enpl oyed, in

conj unction wth fﬁﬂotein production nethods of :this invention, to
nmake Iarﬂ ﬂd%mﬂti es of “substantially pure KG- or KGE /@%{Wy} ns.
Substantially pure KG- protein t produced can be enpl oyed, using
10 wel | - known techni ques, in diagnoStTc assays to determ ne the

presence of reGepdPrs fESckdls, P.M., BEsEbPLE) ®arj.ovaiRgde-fluids and
ti ssue sanpl es.

H., Westermark, B. DiMarco, E., DiFiocre,

P.P., Robbins, K.C. and Aaronson, S. A.

(1988) Science 241, 1346-1349,
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Accordingly, this |nventrﬁn also 15 conprises a cejl, preferably a
bact er Wab 90408771 marmal fan cel |, transf ormed wi t h~a DNAPCT/W$9/00418

i nvention, wherein the transfornrng qu capabl e of being
expressed. In a preferred n% ment of this aspect of the

| nvention, the 20 Y lpurpiidP g EdnpildteiddNAof the invention

produces KGF protein in a fuIIy mtogenic form Most preferably
these protei iacMgrdou (a‘es’i:rlption 2 Prasbdt MidcYosutépcki ng an apparent

3|gnal each of the published articles, patents and
patent applications heretofore identified in this
5 .specification are hereby incorporated by
reference into the specification.

The foregoing invention has been
described in some detail for purposes of clarity
and understanding. It will also be obvious that

10 various combinations in form and detail can be

made without departing from the scope of the

invention.
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sequence). These protein factors can be used for _.25 functi onal

st udi és E& be pufT fied for addi ti onal i bi ochenpgglugstoosis
functioHﬁ? _ﬂgﬁ@ses : such as qualitative and quantitative receptor
bi ndi ng assays. 2 8

81
- 1. A substantially pure human keratinocyte growth

factor (KGF) protein or KGF-like protein specific for epithelial
cells having ah apparent molecular weight of about 25 to 30 kDa as
determined'by migration in NaDodSO./PAGE, and having a specific
activity of at least iabout 3.4 x 10‘ units per milligram of pro-
tein, where one unit of activity is define& as that amount which
causes half of the maximal possible stimulation of DNA synthesis
in BALB/MK keratinocyte cells under standard assay conditions.

2. The protein according to claim 1, wherein said spe-

: 5
cific activity is at least about 3.2 x 10 units per milligram
»

protein.

3. The protein according to claim 1 having at least a
unigque portion of the amino acid sequence in Figure II-1B.

4. The protein according to claim 3 ﬁhich lacks the
signal peptide sequence indicated in Figure II-1B.

S. The protein according to claim 1 which is not gly-
cosylated.

6. The protein according to claim 1, wherein said pro-
tein is a chimeric KGF-like protein which comprises within a
single polypeptide molecule function;l domains of human KGF and at
least one other polypeptide of the fibroblast growth factor
family.

7. The chimeric KGF-like protein according to claim £
wherein the fibroblast growth factor polypeptide is acidic fibro-

blast growth factor (aFGF).
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Reconbi nant E. coli cells~have been ~ constructéd}in a bacteri al

expressi on vector, pKK233-2, for production of KGF, peg/0e9620608 i n
ExperWW@ﬁ95W7§b0t|on [1: In summary, several 5 reconbi nant bacteri al

cl ones were tested for protein production by the usual small scale
met hods. All reconbi nants tested synthesized a protein that was

.recogni zed by anti bodi es rai sed 8 2gai nst an ami no-term nal KGF peptide
(see 10 bel ow). One reconbi nant was growna up in a one

8. The chimeric KGF-like protein according to claim 7,
further comprising a functional domain from KGF that is defined by
amino ;cid residues responsible for the preferential mitogenic
activity of KGF on epithelial cells and a functional domain from
aFGF that is defined by amin§ acid residues in that portion of
aFGF that is homologous to the KGF sequence responsible for
heparin sensitivity of KGF.

9. The chimeric KGF-like protein according to claim 8,
wherein said functional domain from KGF is defined by amino acid
residues numbered 39 through 78 in Figure II-1 and said functional
domain from aFGF is defi;ed by about 140 amino acid residues com-
prising the carboxyl terminus of aFGF, beginning at residue number
39.

10. A pharmaceutical composition for treatment of con-
ditions requiring specific stimulation of epithelial cells in the
presence of heparin, comprising a chimeric KGF-like protein
according to claim 8 or claim 9, and an acceptable pharmaceutical
carrier. |

11. A polypeptide or peptide comprising at least six
amino acids and having a portion of the amino acid seéuence in
Figure II-1B.

12. An antibody specific for a peptide having the aminc
acid sequence of human KGF or KGF-like protein, according to
claim 3.

13. The antibody according to claim 12 which neutral-

izes the mitogenic activity of human KGF.
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liter culture which produced reconbi nant KGF t hat efficiently

stinul ated thym di ne i ncyr poration I nt o DNA ‘F BALB/ MK _k tinoc
cells, 9%6& ~only marginal ly active on NI H 3T3 flbrgsnzgg

Hal f - maxi mal stifmul ation of the BALB/MK cells in the_standard
keratinocyte bi oassay was achi eved with a concentration of between 2

t-o 5 ng/m, conpared to a conc@@ration of 10 to 15 ng/m for

KGF purlfled fromM26 cells. 20 One liter of bacterial cells
i el ded :

X 14. The antibody according to claim 15 which is poly-

clonal.

15. A DNA segment encoding a human kefatinocyte growth
factor {KGF) protein or KGF-like protein having an apparent
molecular weight of about 25 to 30 kDa as determined by migration
in NaDodSO«/PAGE, and having mitogenic activity that preferen-~
tially stimulates cells of epithelial origin and most preferen-
tially stimulates keratinocytes.

16. The DNA segment, according to claim 15; wherein

said protein has at least a unique portion of the amino acid

sequence defined in Figure II-1.

17. The DNA segment according to claim 16 which lacks
the nucleotide sequence encoding the signal peptide sequence
indicated in Figure II-1B.

18. The DNA segment according to claim 16, wherein said
segment has at least a portion of the nucleotide sequence defined
in Figure II-1B.

19. A DNA segment encoding a chimeric KGF-like protein
which comprises w;ghin a single polypeptide molecule functional
domains of human KéF and at least one other polypeptide of the
fibroblast growth factor family.

20. The DNA éégment according to claim 19, wherein the
fibroblast growth factor polypeptide is acidic fibroblast growth
factor (aFGF).

21. The DNA segment according to claim 20, further com-
prising a functional domain from KGF that is defined by amino acid

residues responsible for preferential mitogenic activity of KGF cn
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approximately 50 [err]g of~Mno-S purified recﬁﬁbinant KGF. 1t will

be appapgygosbgr7i hose ‘skilled in the art of gene exprREHIUSS0400418 t hi s
initial yield can be inproved substantially 25 w thout undue
experinmentation by application of a vari ety known reconbi nant DNA

t echnol ogi es. Reconb@mgnt manmal i an (NI H 3T3 nouse)

cells have al so been constructed using the entire

) epithelial cells and a functional domain from aFGF that is defined
by amino acid residues in that portion of aFGF that is homologous
to the KGF sequeﬂce responsible for heparin sensitivity of KGF.

22. The DNA segment according to claim 20, wherein said
functional domain from KGF is defined by amino acid residues num-
bered 39 through 78 in Figure II-1 and said functional domain from
aFGF is defined by about 140 amino acid residues comprising the
carboxYl terminus of aFGF, beginning at residue number 39.

23. A DNA segment encoding a'polypeptide or peptide
comprising at least six amino acids and-having a portion of the
amino acid sequence in Figure II-1B.

24. A recombinant DNA molecule comprising a DNA segment
according to claim 6 or claim 8 or claim 9 and a vector.

25. A recombinant DNA molecule according to claim 9,
wherein said vector is a bacteriophage lambda cloning véctor, a
DNA sequencing plasmid vector, a bacterial gene expression vector,

or a mammalian gene expression vector.

26. A culture of cells transformed with said recombi-

nant DNA molecule according to claim 9.
27. A cilture of cells according to claim 26, wherein

said culture is composed of mammalian cells, insect cells, yeast

cells, or bacterial celfs:

28. A bioassay for KGF-like activity in a test sample

which comprises the following steps:

i) growing keratinocytes in culture to confluence and
maintaining said confluent culture in serum-free

medium;
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29 -KGF cDNA codrﬂg sequence (including th H err]- t er m nal
si gnal wispésogen and the' vector pMMI/ neo, whi €h car r i BET/HROL00418
nmet al | ot hi oni ne ( MVIT) ' pronoter and the selective nmarker gene for 5
neomyci n resistance. The cells ar%ggeing eval uated for KGF
production, particularly for cretion of the mature form (Il acking

signal pepti de) produced by human fi broblasts, using bi oassays
of the present invention. This sane

) ii) adding a test sample to said confluent culture of

keratinocytes;

iii) determining the stimulation of DNA synthesis in

said keratinocytes.

Sk Teal s

#?‘«JZQ A method of producing KGF from cultured cells com=-

te 0

prlsiaq the followmng steps: v

i -
T ue

..é... .

;)ﬂ” culturing KGF-producing cells in culture medium
under conditions such that KGF is produced;
ii) concentrating said culture medium so tHat a first

concentrate is formed;

iii) contacting said concentrate Qith hepérin under con-
ditions such that KGF present in said first concen-
trate binds to the heparin whereby a heparin-KGF
complex is formed;

iv) separating said heparin-KGF complex from said
concentrate;

v) treating said heparin-KGF complex under conditions
such that said KGF dissociates from the heparin so
that a solution of free KGF is formed;

vi) coggentrating said solution so that a second con-
centrate is formed; and |

vii) fractionating said second concentrate so that KGT
is separated from the remaining components.

30. A method of producing KGF from cultured cells,

according to claim 29, wherein said KGF-producing cells are M425%

human embryonic fibroblasts.
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10 vector and host cel l/~gonbi nati on has been used -

3 to
expr esSNeonee’IN1 ot her si i l’ar reconbi nant pol ypepti gg;ﬁﬁlg%g;l u i|iyng
hi gh | evel s of Platelet-Derived Gowh Factor (PDGF) A and B
chains (11-32). "Accordingly, it will be 15 recogni zed by those skilled
in the art that high yi el ds of quonbinant KGF can . be
achieved in this manner, using the af orenenti oned reconbi nant DNAs
and transforned 3 cells of this invention.

1. A bioassay for expression of a gene encoding KGF,
; comprising the steps of:
i) isolating mRNA from tissues or cells;
ii) annealing said RNA.to a DNA probe encodiﬁg a human
RGF; and

iii) determining the amount of DNA:RNA hybrid containing
said DNA probe.

32. A bioassay for KGF antigen comprising the steps of:

i) extracting polypeptides from body fluids or tissue
samples; and |

ii) determining the level of human KGF antigen by reac-
tiqd with an antibody specific for a peptide having
the amino acid sequence of human KGF or KGF-like

protein, according to claim 3.
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20 . WO90/08779l ti mately, | arge-scale production can PChAUSHTDZ00418

enable clinical testing in condi tions requi ting specific stinulation
of epithelial cell " growt h. Nhtéé,als and net hods for preparing
pharmaceutical conpositions for adm tration of 25 pol ypepti des
topically (to skin or to the cornea of the eye, for exanple) or
systemcally are well known #ﬁ-?ﬁéggrt and can be adapted readily

f or
Discoveries are disclosed that show

particular aspects of recombinant DNA technology
can be used successfully to produce hitherto
S unknown human keratinocyte growth factor (XKGF)

protein free of other polypeptides. These
proteins can be produced in various functional
forms from spontaneously sec:eting'cells or from
DNA seéments introduced into cells. These forms

10 variously enable biochemical and functional
studies of éhis novel protein as well as
production of antibodies. Means are described
.for determining the level of expression of genes
for the KGF protein, for example, by measurihg

15 mRNA levels in cells or by neasurihg,antigen

secreted in extracellular or body fluids.
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30 . adm ni stration of"‘\KGF and KGF-1i ke peptides ™y wi t hout undue

b hoa MM g nst = pept de oncoded by o & Eﬁ/'lpéééﬁi'@"?&m

i nvention. This enbodi nent of 8he i nvention is exenplified by several
ki nds of
i Table .-1. Growth Factor Purificatio..
. Purification pProtein Totsl Specific
- step ) sctivity sctivity
(mg) (units) (units/mg)
Conditioned medium 1.4 x 10°% 2.5 x 10 1.8 x 10
(10 Liters)
. Ultrefiltration 1.3 x 10°° 3.2 x 10t 2.5 x 10!
(retentate)
HSAC 0.73° 1.6 x 10 2.2 x 104
0.6 W4 NaCt pool
15X-G3000 SV 8.4x10%° 2.7x10° 3.2 x 10°
C e 61 xW0® 21 x102 3.6 x 104

Recoveries were calculated by assuming that all
of the mitogenic activity in the starting .
material Qas due to the isolated factor.
»
‘ Oone unit of activity is defined as half of the
5 maximal stimulation of thymidine incorporation
induced by TSK-purified factor in the BALB/MK
biocassay, in which approximately 3 ng of the
TSK-purified factor stimulated 1 unit of

activity.

10 * Protein was estimated by using the Bradford

reagent from BioRad (I-23).

® Protein was estimated by using A.:,f‘ = 140.
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ant i bodi es which recognige K&K These have been _MB prepared using
f

st andar dv@gyeb/eseml ogi es-: wel | known in the art: df exper POIMIS$0/00418
i mmunol ogy, .as 10  outlined in Exggglnental Section Il. These
ant i bodi es i nclude: nonocl onal anti bddies raised i n mce against
I ntact, -purifieﬂ PFOEGIH from uman f| brobl asts; pol ycl onal
anti bodi es rai “2.inr %5 ¢t ﬁﬁk}n%ﬁe%§ﬁ%ﬁb%¢c°§eﬁFP with. 15
sequences based on am no aci EhBERces predicted fromthe KG- cDNA
sequence [exenptTfred—by =
’ Growth Factor Epithel sl Eibroblast Endothelial
BALB/NK 8/589  CCL208 NIN/3T3S Human saphencus
vein

KGF $00-1000 2-3 5-10 <1 <1

EGF 100-200 20-40  10-30 10-20 n.d.

TGFa 150-300 n.d. n.d. 10-20 n.d.

aFGFY 300-500 23 $-10 $0-70 H

bFGF 100-200 2-3 2-5 50-70 5

Comparison of'miiimal thymidine incorporation
stimulated sféﬁéﬁ and other growth

factors in a: variety of cell lines, expressed as
9:1' -—r-&

fold stxmuf%tion over background.

.,‘,.‘ - !z e

-&.«,. _:_"'-t_?v?- < "' :::-;‘- .m-.,?-‘. .
5 This data represents a summary of four different
experiments.

‘ Maximal stimulation by aFGF required the

presence of heparin (Sigma), 20 ug/ml.

n.d. = not determined.
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peptide wth the sequence T ,
NDMTPEQMOr#®/M8771si ng standar'd one-Ietter code for arR@b/URH0400418
sequences; see Fig. I1-1)]; 20 pol ycl onal antibodies raised in rabbits
agai nst both naturally se@ & ed KGF from human fibrobl asts

KGF resi dues 32-45, ™ nanel

and reconbi nant KGF produced in E. coli,

(see above).

Al tested anti bodies recognize the 25 reconbi nant as wel l, as the
natural | y pccurring KGE. either in a solid-phase (ELIS%& assay
qu/or 3 a0t . 120 g
E r 4
s '8 {18 gé S
~ Zz
~ 2} {12 xm 3y 8
3 : c"z’ 41.2 %
208t [ N N N\, 18 “g {9 m
o - z
S o4} . 1¢ 1g 1> 3
2] —eccmaenr®” -3 403 ?4
] > =
« ‘ A '] :‘ e 2
10 20 30 40 50 80 g
- z
FRACTION NUMBER i
Figure I-1. Heparin-Sepharose affinity
chromatography of conditioned medium from M426
human embryonic fibroblasts. Approximately 150
ml of ultrafiltration retentate derived'from
5 liters of M426 conditioned medium were loaded
onto a heparin-Sepharose column (6 ml bed
volume) in 1 hr. After washing the column with
150 ml of the equilibration buffer, 20 mM
' Tris-HCl, pH 7.5/0.3M NaCl, the retained protein
10 (<5% of fﬁe total protein in the retentate) was
eluted with a modified linear gradient of
increasing NaCl concentration. Fraction size
was 3.8 ml and flow rate during gradient elution
was 108 ml/hr. Two pl of the indicated
15 fractions were transferred to microtiter wells

containing a final volume of 0.2 ml for assay of
3H-thymidine incorporation in BALB/MK cells as

described in the Methods.
This Sheet Has Been Replaced




in a Western bl ot.

Some_exenpl ary anti bodi es, s Which are preferred
ant i bodi qs’ﬁ‘ s i nventji on, 1
appeal t\géga ralize mtogenic activi of KG- in t he g/g_répﬁ%lwwg
bi‘oassay. ' Fragnent s9cF anti bodi es of this i nventi on,
such as Fab or F(ab)' fragnents, which

Figure I-2. SEE LEGEND NEXT PAGE
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5 retain antigen blndlng\act|V|ty and can be ‘Pt epared by methods °

vel | knammme art, also’ fall within the scope of tHI/pS80/0A418
i nvention. , Further; this inventéqf conpri ses pharnaceutlca
conpositions of the antibodies of thi nventi on, or active

fragnments ther

i e e

nistration

Ol | JPePLl Ao idighediE dlvity. AEORVR kPabBfoRl!efifled?n Do adapted
) from heparin-Sepharcse with 0-6M NaCl were
processed with the Centricon -10 and loaded
5  directly onto a C, Vydac column (4.6 x 250 mm)
which had been equilibrated in 0.1%
trifluqrggcgtic acid/20% acetonitrile (ACN) .
After washing the column with 4 ml of
equilibration buffer, the sample was eluted with
10 a modifiedhlinéar"gfadient of increasing % ACN.
. Fraction size was 0.2 ml and flow rate was 0.5
ml/min. *Aliquot;s for the assay of 3I'I-?;!'xymidine
1ncorporatzon in BALB/MK cells were promptly
diluted 1o-fold with 50 ug/ml bovxne serum
15 albumin/20 mM! Tris-HCl, pH 7.5, and tested at a
final dilution of 200-fold. (B) NaDodSO,/PAGE
analysis of selected fractions from the C,
chromatography shown in panel A. Half of each
fraction was dried, redissolved in NaDodSO,/2-
20 me:captoethanol,'heat denatured and
electrophoresed in a 14% polyacrylamide gel
which was subsequently stained with silver. The
position of each molecular weight marker (mass
in kDa) is indicated by an arrow. (C) DNA
25 synthesis in BALB/MK cells triggered by the
fractions analyzed in Panel B. Activity is
expressed as the fold stimulation over

background which was 100 cpm.
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15 adm ni strati on of-KG- and KG--1i ke peptides -~ wi t hout undue

exper i Mgboiddin : These anti bodi es, and acti PCI/USHVO041S
thereof, cap be used, for exanple for detection of KGF in bioassays
or for purlflcatlon of the Zin factors. They may also be used
in approaches wel | knomn in t e art, for isolation of the
receptor for KG-, which, as described in Experinental Section Il
appears to be distinct fromthose of all other known growh factors.
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‘Figure I-3. xoleculf!: sieving HPIC ('rsx 3ooosw)
chromatography of the BALB/MK mitogenic
activity. Approximately 50 ul of a Centricon-
processed, 0.6M NaCl pool from HSAC were loaded
-] onto a LKB=@lasPac TSK G3000SW column (8 x 300
mm) , pfe&igﬁgiy equilibrated in 20 mM Tris-HC1,
pH 6.8/0.5M Nac1, and eluted as 0.2 ml fractions
ﬁt a tloﬁnf;te“df 0.4 ml/min. Aliquots of 2 ul
were transferréd to microtiter wells containing
10 a final volume of 0.2 ml for assay of 3~
thymidine incorporation in BALB/MK cells. The

elution positions of molecular weight markers

(mass in kDa) were as indicated by the arrows.
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25 Those prefer‘r ed anti bodi es, and ‘\fragrrents and
phar nac R M7 tonposi ti ons thereof, which neut'ral | BEI{HIHHRMS
activity of ‘KGF for epithelial cells, as indicated by the
32 BALB/ MK assay, for instanceg gmy be used in the

(-]

o

o
v

500 r

400 r

300

200}

31-Thymidine Incorporation, fold stimulation
-l
(=]
o

4
P

4 'l

1 2 3 4 - -] 7
Growth Factor Concentration (nM)

Figure I-4. Comparison of BALB/MK DNA synthesis
in response to TSK-purified mitogen and other
growth factors. Incorporation of *H-thymidine
into trichloracetic acid-insoluble DNA,

5 expressed as fold stimulation over background,
wﬁs measured as a function of the concentration
of the indicated growth factors. Background
values with no sample added were 150 cpm. The
results represent mean values of two independent

10 experiments. Replicates in each experiment were

within 10% of mean values. TSK-purified

mitogen, ° «; EGF, a; aFGF, -

bFGF, o—0.
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treatment of clinical gonditions characterized by excessi ve

epi t heny@lgosht1 growt h, i ncl udi ng dyspl asi @ and neopPEIVES$E00418

psoriasis, q 5 nallgnang,or ben8dn epi thelial tunors)._
Thi's invention further conpri ses novel

bi oassay nethods for detecting
t he expr TS genes rel ated t g; DNAsZ.of the | ueﬁttgp. In sone
exenpl enbodi ts, DNAs of this in¢éntion 10\ wé?e used

probes to
* rel ated nRNAsz thhods f o) t hese

)

deter e steady st Ue' | evel™

|
Fiéure I1-5. CQmparativeiérowth éf BALB}HK celis
in a chemically defined medium in response to
different combinations of growth factors.
Cultures were plated at a density of 2.5x10‘

5 cells per dish on 35 mm Petri dishes precocated
with poly-D-lysine/fibronectin in a 1:1 mixture
of Eagle's minimal essential medium and Ham's
Fl12 medium supplemented with transferrin,
Na,Se0,, ethanolamine and the growth factors

10 indicated below. After 10 days, the plates were
fixed and stained with Giemsa. Key: a) no
growth factor; b) EGF alone; c) insulin alone;
d) KGF alone; e) EGF + insulin. Final
concentrations of the growth factors were as

15 follows: EGF, 20 ng/ml; insulin, 10 ug/ml; and
XGF, 40 ng/ml. '
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bi oassays of the invention), using KGF DNAs, and 3

standard Northern
bl otti r\gdﬁgmygues are described in detail in ExpePdrzussd/obest i on
1. - One'skilled in the art will recognize t hat ,

Wi t hout undue éxperinentation, suchg@@thods

to anal ysis of gene expression for KG-1ike proteins, either
- sol ated cel fABLE IT-1aus (BEfucts ofSHEpaidn dH GGFS Wik

exanpl e,

may be readily applied
in

ggohike useful, for
identification of various classes of tunor cells

or genetic defects in the eystivdtiyal grow h

10

15

Growth Fsctor BALB /MK NIR/3Y

. . - .
XGF 150 9.5 < <1
afGF 106 39 10.4 6
bFGF 30 124 45.7 70

Cells were plated in microtiter plates,
grown to confluence in serum containing media
and then placed in a serum-free medium for 24-72
hr prior to sample addition. Mitogenesis assays
were performed ag'descriged (see Experimental
Section I, above and II-3). Where indicated,
heparin was included in the culture media at a
final concentration of 20 pg/ml. The
concentration of all the growth factors was S0
ng/ml. The results represent fold stimulation
of SH-thymidine incorporation in ﬁhe indicated
assay cell in the presence (+) or absence (=) of
heparin. L{Each value represents the mean result
fron two ihdependent experiments in which each

point, in turn, represents the mean value of

duplicate analyses.
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processes.

descri ption,
bél ow,

Figure II-1A.

-

Wt hout further

bel i evagotdppsgrone of ordinary skill
and followng

in the art,

el aboratjon, it is 25

usiRCI/US804/804182di ng

t he net hods of the Experinental Sections
can utilize the pre@Rt invention to its fullest

SEE LEGEND FOLLOWING
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Figure II-1B.

SEE LEGEND FOLLOWING

-“wcq « v Y vyvY 3 VAY2VIVAYYYY] 11-1« HiH “11«1“ LY n
) i T TR e w ifhilaieuiil: %m_ 1
pegten sl s ; T A
i el eadunes bl s fas piairigisid
e e il
wwuwuw-w: 1t m.. 333432 0vvivvay : «a_ it 133431 vy * »«_m " «mﬁu.
R I . G T U R T E I,
T e ; i T e R
s L tHimaaH R s
T Tl g sl ._WE
sl et
IYVELEILLLVOVOIOVIOVIILLIVIIIVYOVYYLVIVINIL deo.bhcuhbwid—CGWOOﬁc "mw— ‘u~ u ) v—c-ou“o<»<<“c<«0¢mcc":"muow<¢n<<nccwocmct »o [} wo-
_ z-wu“m"cﬂu—"ci.—u«o-»o»»hoﬁ<<moown"mwun<u-¢—ucw<.N—<"¢~“.¢-<«¢>N-NNHU“GUM— —“uau<<*oo*u- .((aﬂcmu"m"unnuntpw- -Mo<“c—“¢ow—<
mocunnm“<w0-"~U*u<"<<ﬂo<*cc“<uﬁ<°ﬁ<umwp—2M—0»-1&0."«(*99&00"01“1”—utwoo»°-—11“0-»G<wou»ocwcowquhu<mooh(u—Q-nﬂ-N-unun.qu

LALJAL ) 01“00W<°N0<“<<~0¢“<Uwo<m<<“<“mou—10“10.UUN-O“.O“Q‘N‘<“0-W—”-0—01“14“16»01“41—<-M00“01”E"~00&40Nu~“0-N- 4 mGQ“ccwcu

-mc"u [} -N- 1— vs w<. uuu&&&u&ﬂ“.w& Qﬁ& !"*M&Mhumh th !mﬂukhu*.uu*hh

vy =

oy

Mnﬁ“uu hh‘ ‘0“& 1&10*&‘* 10“» 1"10.:.00%11—¢~0<U¢>019010000910110—10- [AJ Y-8 J ¥} F1Y —b»tUp-10110-.0110—41011-o<ou<»ou<°- vVI4D2VOVY
[ ]

R R e e BT S T s i

{3

19¢

K

een Replaced

U

This Sheet Has B



34 .. EXPERI MENTAL SECTI ON | -~ | DENTI FI CATI ON AND
CHARAG R $a70d779N OF A NOVEL GROMH FACTOR:SPECI FIRCHUSIOFIORIEL | AL
CELLS - This sectiop describes experinental work 5

lreading to identification of a §&Bwth factor specific for epithelial
cells in conditioned medi um of a human enbryonic |ung fibroblast cel

line. The factor, provisionally_ternmed kerati nocyte growth factor
(KGF) becausBigpre: 3I-1C. SEE" LEGEND FOLLOWING
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10 predom nant activityyon this cebl type, was

homogerWOt99/0877h conbi nati on of trafiltrati on: %ﬁ(hggymﬂose .

affinity chromat ogr aphy and hydr ophobi c chronatography on
C[err] rever sed- phase HPLC col um, accordlng to 15 met hods of this

i nventi on. Was fu&uitﬁhéyg tid #&H%* a qlabile, and
-consi st ed of Sgu i singl e poIc;/plep;!t |s e chaln %/jmnt hng?i‘krjlﬁg%parent
mol ecul ar V\BIag,fltnd)fa@fu)rW@é Yo &0 ied | ofisa Purified KGF was a

potent mtogen for epitheli-al
identification of KGF gene transcripts. (A)
Schematic representation of human KGF cDNA
5 -clopes. Overlapping pCEVS clones 32 and 49,
used in sequence determination, are shown above
a diagram of the complete structure in which
untranslated regions are depicted by z line and
the coding sequence is boxed. The hatched
10 region denotes sequences of the signal peptide
and the open region of the mature protein.
Selected restriction sites are indicated. (B)
KGF cDNA nucleotide and predicted amino acid
sequences. Nucleotides are numbered on the
15 right; amino acids are ﬁumbered throughout. The
N-terminal peptide sequence derived from
purified KGF is underlined. The hydrophobic N-
terminal domain is italicized. The potential
asparagine-~linked glycosylation site is
20 overlined. The variant polyadenylation signals,
AATTAA anq AATACA, close to the 3' end of the
RNA, are boxed. (C) Identification of KGF mRNAs
by Nbrthern blot analysis. Lanes a and c,
poly(A) -selected M426 RNA; lane d, total
25 cellular M426 RNA. Filters were hybridized with
a 32p-labeled 655 bp BamHI/BclI fragment from

clone 32 (Probe A, Fig. II-1A), lanes a and b,
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20 cells, capable of stinulating DNA synthesis 40 gui escent
BALB/" belogrR! keratinocytes by nore t han :500- f ol BCWW$80#00418i t y
detectable at 0.1 nM - and WBXLQE at 1.0 an Lack of mitogenic
activity on either fibroblasts or e t‘uel i al cells indicated that
KGF possessed a target cell specificity d| stinct from any

previously or a sa&hdspciml/E6RDr Dradméntt eromMeabageqoenci ng
(Probe B, Fig. II-1A), lanes c and d.
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¥
35 reveal ed an ami no-terninal sequence contalnlng no

si gniti Y¥ABMEADI ogy to any known protein. The r el easBCE{USH/QO048y e
growth factor by human - enbryoni c fibroblasts indicates that KG- pl ays
a 5 role in nesenchynal stimulation of normal epi thelial cel
proliferation. METHODS AND MATERI ALS
102
c C
SN, ) S— KGF (FGF-6)
C I aFGF
C N bFGF
- | 1 int-2
Y I hst /KFGF
NN\ T | ] FGF-5
—i 20 as.

Figure II-2. Topological comparison of the FGF

family of related molecules. The two protein

domains that share high homology are shown by

5 shaded boxes. Hatched boxes indicate putative
signal peptide sequences. The positions of two
conserved cysteine residues (C) are shown.
This Sheet Hag Been
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Preparati on of Conditiqned Media. An early ~passage of MA26 human
enbryonic 10 fibroblasts (1-8) was plated onto 175 cne asks

and gr owO®0/083T | uence over 10-14 days in Dul becco' %#63?%’83418

Eagl €' s medi um (DNEM d BCO) suppl enented with 10% cal f serum

(A BCO. Once confluent, thd rﬁl ayers were cycled weekly from-—-15-
serumcontaining to serumfree nmedium the latter qnsi sting of DVEM
al one. The cefigunerEIwhishe$EE LEGENDWNEXTWPAGES il  of

| BT
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A) KGF
B) TGF-«
C) EGF
D) Acidic FGF — 285
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prior to addition of 20 ™ of DMEM After 72
were coWOIH®IThnd repl aced 20

The
use.

filter

10

1s

20

UItraflltratﬂoﬁ proxi mately ten

(MI1lipore HAWP 142 50) and concentrated to 200 '

in normal human cell lines and tissues, and
comparison with mRNA expression of other growth
factors with known activity on epithelial cells.
Total cellular RNAs were isolated by cesium
trifluoro-acetate gradient centrifugation. 10
#g of RNA were denatured and electrophoresed in
13 formaldehyde gels. Following mild alkali
denaturation (50 mM NaOH for 30'), RNA was
transferred to nitrocellulose filters using 1 M
ammonium acetate as a convectant. Filters were
hybridized to a ’p-labelled cDNA probe
containing the 647bp EcoRI fragment from the 5!
end of the KGF coding sequence (A) or sinilar
probes from the other growth factor DNAs. The
following human cell types were used: squamous
cell.carcinomas (A253, A388 and A431); mammary
epithelial cells (S6 and Rl):; keratinocytes
immortalized with Ad12-SV40: primary human
keratinocytes: neonatal toreékin fibroblasts,
AGl1523: adq{t skin fibroblasts (501T): and

embryonic lung fibroblasts (WI-38 and M426).

-~ _ o
hr's, cciyUs9dA00d s

with 35 mM of serumcontaining nedi um
condi tioned :nedi um was stored at -70[err]C until

further

: liters of
condi ti oned FRguwd TT-a .t halathern?blot phallysie e Werouwgnaa 0. 50 nicron
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36" rep 2211 98519574 he TR FCIME@Q%E'H"BEE%Fem (M1lipore XXEFEECEE S

69). and a cassette haV| *a 10 ol ecul ar { ht cutof f (Ma)lkl[*p(;‘)r‘e_;;.-ﬂ-

PTGC 000 05) . , After con l’l“lmllu“u) Hlﬁanpl e was subjected to 5
two successive rounds of d|Iu _ of 20 mM Tri s-HC
pH 7.5/ 0. 3M Nad ,. each-

IN _THE CLAIMSs _ _
The claims have been amended to read as follows:

1.. A substantiélly pure human Kexatinocyte growth
factor (KGF) é:otein'or xG?-like protein having a molecular weight
_between 16 .and 30 kDa as determined by migration in NaDodso4/PAGE,
and having a specific actlvity of at least about 3.4 x 10 units
per milligram of protein, where one unit of activity is defined as
that amount which causes half of the maximal possible stimulation -
of-DNA.syntﬁésié'in-BALBIMK keratinocyte cells under standard
assay.conditions, whe;ein the mitogenic activity of said growth
factor stimilates cells of epithelial origin but not fibroblast

-:cellé. o |
2. A protein according to Claim 1 which is
glycosylaﬁed.' | |

3; . A protein écco:dingrto claim 1 having all or a'
portion of ;he'amino acid seguence in Figure II-1B.

4. - A protein according to ‘claim 3 which lacks the
signal peptide sequehce.in Figure II-1B.
- 5% : A protein according to claim 3 or 4 -which is not
glycbsylated,, ' |
6. A chimeric KGF-like protein which comprises within
a's;ngle-pdlypeptide_molecule functional.dcmains.of human XGF and
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-foI I oggdzgy’gﬁotlﬁer st ep RO RINNESAN tWEeﬁnl‘E(‘)Qﬁo\W/i th t he Pel |l i corPR§si@rh

Astivity recovered in 'the™ -- -retentate was either?mmedi ately applied to

ropar i n- sepnar obe atinity | INARIEN lll% WEy 0. e recentate rrom

ultrafiltrati on was | oaded onto* hépari n® Sephar ose 'resin (Phar maci a)

whi ch -had been equili-brated in 15 20 mM Tri s- HC 7.5/0.3_ M Nad .

The r esiat we@ast one ngﬁﬁdPElYEﬁPF¢éPy°ﬁthP fh@rﬁblﬁﬁﬁIQEGﬂEFtﬁaﬁﬁﬁr
family.

7; A-chimeric KGF-like protein according to claim 6,
wherein.the_fib:bblast grqwth factor polypeptide is acidic
fibrobiast'giéwth factor (aFGF).

8. A chiméric KGF-~like protein according to claim 7,

- wherein the fup¢tiqn§1 domain from KGF is defined by amino acid
residues respbhsible for thé pteferential mitogenic activity of
KGF on epithelial cells and the functional domain from aFGF that
is defined by amino acid residues in that portion of aFGF that is
homoiogguszpq ;he KGF sequence ;aséonsible forxr heparin sensitivity :
of RGF. - ‘
AR }fiéj:gﬁ‘chimgric Kéralike protein according to clain 8,
wherein_séid fdng;ioﬁal domain from KGF is defined by amino acid
residuesinﬁmSerad-39 through 78 in Figure II-1B-ahd said
functional domazn £zrom aEGP is defined by about 140 -amino. acxd
residueées comprising the carboxyl terminus of aFGF,. beginnlng at
residue number .39 . .

' 10..;A1pharmaCeutica1 composition c¢mprisipg a chimeric |
.Ksr-liké:p:otéin-aceérding to any one of claims 6-3, and an
acceptable pharmaceutical carrier. | . -

' xﬂll. .A method for treatment of conditions requiring
-sPecific-stimulation of epithelial cells in the presence of
heparin. comprxsing .administering an amount of the compositlon of
‘Claim 10'sufficient to stimulate epithelial cells..
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' A
. FEB 22 '95 1B5:45 om FIN
réeturned to baseline and Then ] SO HENPER SN | i near-step gr dff&nt@ bt

| hcr_ea5| ng Nad contﬂ"mmll renovi ng | guots fromthe 20
fractions for. the thymdin l)mg lT”H", bi oassay, sel ected
fractions were concentrated® ¢ ' tens te twenty-fold with a Centricon-10
m croconcentrator (Am ¢con) and stored at -70[er

Rever sed- Phase HPL { RFAARnFRRT i §trecved -1-%%’&% ?-B & RPRBEPNBS) )
o LR 68 o narot L H5deabS) S8R LDeLsgEueST 150 o O Lo

_ 13. An antibody according to claim 12 which neutralizes
the mitogenic activity of human XGF. |
| 14. An antibody according to claim 12 which is
polyclonal. |
' 15. An antibody according to claim 12 which is a
monoclonal antibody. | | |
16. A DNA segment encoding a human keratinocyte growth
factor (KGF) protein or KGF-like proﬁein or the complementary
strand to said DNA- segmem:, said protein having a molecular wea.ght
between 16 -and 30 kDa as detemined by migration in NaDodSO4/PAGE,'
and having.-a specific activity of at least about 3 4 x 10% units
per milligram: of protein, where one unit of actm_r-ity is .defined as
that :amcpizi:-;:, which causes half of the mazimal possible stimulation
of DNA synf:ﬁes_i.."s in BALB/MK keratinocyte cells ug;de.r .gtandard
as-say'épndii::idns, wherein the mitogenic activity of said growth
factor'stmﬁl&bes cells of epii:helial origin but not fibroblast
cells. . | .
| 17. . A DNA segment according to claim 16 ,' which encodes
all oxr’ a port:l.on of the amino acid sequence defined in Figure II-
1B or the complementazy strand to said DNA segment.
5 18._}-}; DNA.segment according to claim-17 wh-_ich_ ‘lacks the
nucleotide sequence encoding the signal peptide ééque_n_qe indicated
in Figure :_tI-'lB or the. comp:_l;ementary strand to s'gid DNA--s,eginént.
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CEntnchﬁ 1 stésa4F|narR3M THRENEFAN. & rﬂ%ﬁﬁquerr]l Th The sanpfeE waks

._ls.ogded ont ‘%eﬁa?%? ?g‘ng g?ﬁﬂﬂlﬂﬁﬂﬂﬂlmm&h had” been

equilibrated in 0.1%trifluorodcetictactd {TFA, -Fl uka) / 20%.
acetonltrlle (Baker, HPLC grade) and

19.  The DNA segment comprismg all or a portion of the
nucleotide- sequence in Figure II-1B or the complementary strand to
said DNA segment. |

20. A DNA segment encoding a chimeric KGF-like protein
which comprises within a single polypeptide molecule functional
domains.ef'human RGF and at least one other polypeptide of the
fibxroblast growth factor £amily or. the complementary strand to
said DNA segment.

_ 21. A DNA segment according to claim 20, wherein the
fibrobiast'growth-factof polypeptide is acidic fibroblast growth
factor (aFGF)-or the complementary strand to said DNA segﬁent.

220 A DNA segment accord;ng to claim 21,.wherein. the
functional domain from KGF is defined by amino acid residues
'responsible for preferential mitogenic activity of KGF on

. -epithelial, cells and the functional domaxn from aFGF that is
defined by amizio acid_residues-in that portion of aFGF that is
homolégouelfo-ﬁhe.xsr sequence-reéponsible for heparin sensitivity
of KGF. or the cehplementary strand to said DNA segment,

:23, " The DNA segitent according to claim 21, wherein said
functional demain from KGF: is defined by amino acid residues

_ numhered 39 thrpugh 78 in Figure II-l1 and said functional domain
frcm-eFGF is-defined by about 140 amino acid resiﬁues'camprising
_the'carboxf;.terminus of aFGF, beginning at residue number 39 or
the complementary strand to said DNA segment.
'24..-A-rec§mbinant DHA molecule compiising a DNA segment

according to any one of claims 16-23 and a vector.
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FEB 22 '96 16:46 RQM F INNEGAN o
eluted with a I'i near graglent oF ST RCHERRERR N 5 acetonitrile. APRGRoR4S

-~ for the bioassay were '3 . -imredi atel y d||uted i.n{a’T9-fol.d excess of 50
[err]g/mM BSA (Fraction'V, -Sigma) /20 nM Tris-HO, pH 7. 5. The
remai nder of the sanple was dried in a Speed Vac (Savant) -i :

preparation (0 Sty ScclByonsi N igoryie spepatps, FLOLEMR RS o
hepar i nagPO2R0881d vectol’ 36! hOPTa¥Ria, aasﬁétempaa&%ﬁ%ﬂ@ﬂ&vvrecearpac
a DNA sequencing plasmid vector, a bacterial gene expression
vector, or a mammalian gene egpression vector.
26. A culture of cells transformed with said
recombinant DNA molecule according to any one of claims 16-23.
| 27. A culture of cells according to claim 26, wherein
said cells are prokatyotic cells or eukaryotic cells.
28. A bioassay for KGF-like activity in a test sample
‘which comprises the following stepss
.-1) . growing keratinocytes in culture to confluence and
-.irmaintaining said confluent culture in serum-free
‘medium; |
"iﬁ) ‘adding a test sample to said confluent culture of
': keratinocytes;
' 4it) determining the stimulat;on of DNA synthesis in
said kerat;nocytes. o
;ZB;Q;Armethod_according to Claim 28, wherein said step
-iii ie-carried out in the presence and absence of KGF neutralizing
antiserum |
- 30.- A.method of producing all or a portion.of.humaﬁ KGF
protein or KGF=like protein comprising culturing. the cells of
-claim-Z? in. & culture medium under conditions such that said

ptotein is;prpduced and isolating said protein from said cells.
[T
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6.8/ 0.5M NaCl . The sampl’eiwas eluted in thi! uffer at a flowrate
of 0.4 . m/mn. After renoving aliquots for t bi oassay, the
fractions were stored at -70[err]C

Dol yacryi oot de- 337 %5, enohlof, pRbBAR RS, ORI AR etn . e

pr oceduaecekdkﬁgml ahly She oF2ERagheLO,DAI 0 44 Erom' Ru1RuFed ideiINe

presence of
' compr;sing the following steps'

" FEB 22 ) 5
col Gam FIKB) “whPERChad" n”e”'?f?ﬁ"far%ﬁ“”cfﬁs”zo M % Tris-Ha , PREF - @20
he

i) . .culturing KGF-producing cells in culture medium
under conditions such that KGF is produced;
£1) lysing said cells, if necessary, to release
' "intracellular KGF into the surrounding culture
medium‘ ' | |
iii) optionally concentrat;ng said culture medium so
‘that a first concentrate is formed;
iv) - contacting said concentrate with heparin under
. conditions such that KGF present in said first
c o concentrate binds to the hepariﬁ whereby a
. - heparin-KGF complex is- formed;
v)- ;separating said heparin-KGF complex from said
B concentrate; |
fvi):.treaﬁing said heparin-KGF complex under conditions
- . such that said RGF dissociates £rom the heparin so
"..that a solution of free KGF ié formied; .
VII);qoncent;aﬁing said solution so that a second
' .':gpnc,em:rate_- is :Ed:n_ued;' and .
'viii)~fraétionatin§ said second éoncentrate-sosthaﬁ KGF
:.is sepaxated foxm the rema;nxng components.
'@32.' A method of producing KGF or KGF~like prote;n from
culturedfcéllgﬁ-according to claim 30 or 31, wherein said KGF-

'_prbducing,cells-are-pxokaryptie-cells or eukaryqtiﬁ-cellsf
-6 DR O
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2- rrer%gp%%e't%%an; ﬁ/ol /F\ﬁ)q"} FIWEGSQI EE{NBFQS?T‘xed 25 and st ai ned W fe!

silver "(1-10) using’'the <F3agent s and prot ocol~rom Bi oRad.
Mol ecul ar wei ght . -markers were from Pharmaci a.
38 - DNA Synt hesis Stinul ation. Nlnety Si X - wel |

mcrotiter plates (Falcon No. 3596) were
* 33.. The method according to claim 32 wherein said cells

are E coli cells. o

34. A method for determim.ng the level of a KGF RNA
transcript comprising the steps of:

i)  isolating IRNA from tissues or cells;

ii) annealing said RNA to a DNA probe encoding a human

 XGP; and

'iii) detarmining the amount of DNA:RNA hybrid conta.ining

said DNA probe. ) '

'35. A method for detemining the level of KGF protein
expression comprising reacting polypeptides from body fluids or
tissue samples with an- antibody specific for a peptide having the

. amino acid. sequence of human. KGP or RGF=-like protein, -according to.

claim 12, and datermining the amount of protein-antibody b:.nd:.ng.

_ 36. A research reagent comprising all oxr-a .portion of
KGF protein according to any one. of claime 1_-9, 43 or 44,. and

- optionally a pliysiologically acceptable culture fluid.

| 37. . A method of stimulating epithelial. cell growth in

vitro comprising _adding an amount of the reagent of -any of claims
30-33 suff-i'cie'nt.- '_tc_q._stimul.ate epithelial cell growth.

- 38. A method according to claim 37 wherein said .cells
are keratinocytes.

32. Host cells transfected with a recombinant vector
'according_ to claim. 24 or 25.

'40. The cells of claim 45 wherein said cells are

| \\ll\ll\ \\\I\\ |||\\ \\l\l | \II\

prokaryotic cells or eukaryotic cells.

..
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FEB 272 'SB 158:47
precoated wi th hunman

[rerr]g/cnferr] prior
the cells were

‘Na[err] Se err]
[err]C/mM final

t.o segding with 5
* “mai‘nt ai ned for
containing 5 [err]g/m

(Q?ker

ERSON
orative

flngnEéTTEG?%xﬁﬁN

24-72 hr in

&he cells

concentratlon

BALB/ MK:GETY s.

transferrin (Collaborative

S~ Research) at PAGE - 822
Once confl uent,
serun¥free nedlun1

Resear ch)" and 30 nM

| RFOQ Al 'ﬁ)@n w%rb%r kEaheadsnarec e,

DNA was neasur-ed durlng

a 6 hr ES&&W:Q&G':&%E&H %titiﬁahb&cft@rh.aw e&pressionaddetben of sanples. The

assay was term nate
42.

"An antibody of claim 12 which reacts against the

peptide NDMTPEQMAENVR

-43.

.A human KGF protein according to Figure II-1B

: wherein_the-N—terminus-is at or about cysteine 32 and the

C-terminus 15 3£ o;'abqut threonine 194.

.44.;..

.i noﬁ-glycoslated human KGF'protgin or a portion

thereof accoxrding to Claim 1 having a mpleculax'weight between 16-

22 xDa as determiﬁed by migration in NaDodSO,/PAGE and having a

specific activity of at least about 3;4 x 10

4 units per milligram

of protein,.where one unit bf;éctivity'is-defined“as that amount

which causes half of the maximal possible stimulation of DNA

synthesisti# BAZE[MK.keratinqcyte cells under standard assay

conditions wherein the mitogenic activity of said growth factor

st;mulates cells of. epithelial: orig;n but not of.: fibroblast cells.

A pharmaceutzcal CONPOSltlon comprising . at least

one antibody according to claim 12 and a pharmaceutically |

_.acceptable carrler

46

A pharmaceutlcal composition comprising at. least

one protein: or peptide accord;ng to any of claims 1-9, 43 and 44

and a pharmaceutically acceptable carrier.

47.

K method for treatment of

conditlons requir;ng

specific stimnlation of epithelial cells cqmprising administerxng

an amnunt{pf,the composition of claim 46 suﬁfic;enp;;p«stlmulate

epithelial cell proliferation.
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mﬁshii&ft e cel 'S e mno r ANNEERY ?Ekﬁﬁﬁéﬁﬂa . buffered sal PAEEaRE3
twice with 5@6tr|chloroacetic 15 acid. The predipitate was redi ssol ved
in 0.25 M NaOH, transferred into I|qU|d scintillation fluid :
(Bi.ofluor, NEN) and. counted. ' Stinmulation of DNA synthesis
was moni t or @@ ,as adaRthode tob Trvataiont\o?/ Wéndditionen ackerdiny to

variety of other cell lines. N H3T3 - fibroblasts (1-11) were
avallablel&imnﬁﬂhén which shddi amahtanm taved veis Besedararione o2CL208
improvament of. wound healing anolving the epidermis.
49. A method for treatment of conditions requirlng
specific inhibition of stimulation of epithelial cells by KGF
.camprising administering an amount of the composition of claim 51

sufficient to inhibit epitl_'xeiial cell stimilation by KGE.
(T
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.Rhesus nodkdy BrobEhi al?tepiithi i al cel 084 182257 U1} P& bbt ai r{egqér
“the American Type Culture 25 Col l ection. The: 857589 human manmmary
_epithelial | : cell line, prepared as described in (1-13), was
obt ai ned from Mart ha Stanpfer (University of _ Callfornla Berkeley)

The ‘mamary ceIIs wer e
This Sheet Has Been Replaced

LTI

13

NaCl CONCENTRATION, M cmee

N @ @ o

* »
-
e

Q9
™Y

10.

L v

; © 3H-THYMIDINE INCORPORATION,
: cpm x 10=3 (v=e)

® =

80

50

40

30
FRACTION NUMBER

F1G.

20

»
[ ]
[ ]
L]
N
1]
[ ]
.. »
]
: e
[ ]
b .
€
]

L3
g

20F
1.2}
(LBF
0.4}

K}

| (—) WU p1Z 'JONVEHOSEY

288 " Isud NOSHE]'C[NEIH NEDINNIZL WOM4  6£:391 86, 22 €34



~grown in 4881 13646 supPHldrbHidd with 0§96 ¢ 82hiEC . *WEAA* 1 ¥38dum and 4 ng/ml

"EGF. Wen maintained in. serumfree conditions, the basal nedi umwas -
DVEM _Primary -cultures. of human saphenous vein 5 - .endothelial

“cells were prepared and nmintai ned as

| descri bed el sewhere (1-14).
Epi der mal gr oWt Bmis Sheet Has BRER ac

gnd insulin were from Coll'aborative
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wadd obt Hidnké fr—c?mbéﬂélrﬂt ech, | n8¥:G I\fbedl%z and 3“”‘]: p“‘”%@r um wer e - ei t her

from G SCO, Biofluids, Inc. or " the NIH nedia unit.

Proliferati.on "'As'say Thirty- five nm cul ture di shes were precoat ed
sequentially wth o D.lysine (20 [err]g/cn{err]) (Sigma) and
hunman T Ofipy cen Replaced 17 < ceded W|th approxi mately . 2.5°X
10[ err] BALB/ MK ﬂﬂ |IC medi @p3vas’ ~1:1 mxture of Eagle's
|l ow Ca[err] mni [

medi um an-d Ham s F-12 nedi um
suppl emented with 5 ' : : : :

FIG. 2B

- 20.1 -

14.4 =~

19202122 29 242528 .
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. 20- [er 83§/ Mot eansf 8t} A0 [err] MING[ d]&ed ef¥ll AWD R mv

et hanol am ne (Sigm). Mediumwas changed every 2 . . - or 3 days. After

10 -days, the cells were fixed. ~ in formalin (Fisher Scientific Co.) ___
*and st ai ned ' with Genmsa (Fisher Scientific Co.). 25

Protein m crosequenci ng. - Approxi mately 4 [err]g (ThiQS&etp{sphamggplaced

protein fromthe active _ fracticwg of the CJerr] col ”m :

redi ssol ved in 50% ' TFA and | oaded onto an Applied Bi o

3 H-THYMIDINE INCORPORATION, cpm x 1073 (=)
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' phase prdt%efin Bbddenardtl Widdty roundd b 1EhHAn - WL Bagtdation were
carri-ed out and identifications , of am no acid derivatives were nade
~with an . automated on-line HPLC (Mddel 120A, Applied 5 Bi osyst ens).
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'RESULTS 051G 93 ¢ Growt“h., Ftébltaor Det ecfi'dn Bddld so,J..éFiloﬂ“””H _Prelinmnary

"screening of conditioned media from -  variousicell lines i nd| cat ed that
media fromsome 10 - fibroblast |ines contained nitogenic c €5 en Replaced
"det ect abl e on both BALB/ MK and NI H 3T3 cells. Waer eas So S CD ace
destroyed the activity on BALB/ MK, mitogenic activity II III
remai ned I ntact. Based on the knOV}(n5 heat stability’ of

o=

T

L

'y

4

.

FIG. 5(c)
FIG.5(g) FIG.5(h)

FIG. 5(b)
FI6.5(f )

FIG. 5(a)
FlG;s(e) |
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‘15 (| 1535 ahtd §&ra .(ULEIHEt was rB8hfon¥d that taPNaL PaAla99¥ BAL B/ MK

mtogenlc act|V|ty mght be due to an agent. “different from these
.known epithelial- grovvt h factors. . ~ M426, a human
‘embryonic lung fi brobl ast [The, was sel ected as the nost productive
sour ce of mnlsgeeaﬁgs VI for purification of the putative’
growth factor(s). vmth me Pel I i con system pI’OVI ded
a conveni ent way o ,I,” " I, ing the sarrpl e vol ume to a sui tabl e IeveI
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. optlcal eqngl tq 5p§r20f| I am"LP}uo'rJréf concerftir &t {186 t4r r{‘é"‘i pafd)“f@ fold with the
Centricon-10 was found to be essenti'al fortstability, which coul d be

¢ mai ntai ned subsequently at -70[err] C for several mont hs.
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| | S 608423 -5
run in agueous sol ution near physiol ogic pH, resulted in a major
peak of activity in the BALB/ MK bi oassay (Fig. 1-3). This’ﬁ?éparation
25 was al nost as. pure.as the one obtai ned from RP- : HPLC as

judged by silver-stained NaDodSJ err ]/ PAGE (data not shown) but
provided a far better recovery of activity (TaMe%ﬂ,é)ﬁ*The TSK-
42 : :

-q-

DNA ENCODING A GROWTH FACTOR SPECIFIC FOR EPITHELIAL CELLS

FIELD OF THE INVENTION

The present invention relates to growth

factors, particularly to isolation of a

. polypeptide growth factor similar to a family of

5 factors including known fibroblast growth factors
(FGFs). This invention also relates to
construcgion of complementary DNA (cDNA) segments
from messenger RNA (mRNA) encoding the novel
growth factor. Further, this invention pertains

10

to synthesis of prbducts of such DNA segments .by
recombinant cells, and to the_manufacture and use
of certain other novel products enabled by the

identification and cloning of DNAs encoding this
growth facter. |
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43 purified material was used routinely for bi ol ogi cal studies

as it had a higher specific activity. In both types of
purified preparations 5 (i.e., purified by HPLC or nol ecul ar sieving),
the profile of mtogenic activity was associ at ed with a distinct band
on NaDodSQO' PAGE whi ch
2
BBREVIATIONS USED CATIO
aFGF acidic fibroblast growth factor
bFGF ' basic fibroblast growth factor
" EGF _ epidermal growth factor
s HSAC : heparin—Sepharose affinity
chromatography
kb kilobases
kDa kilodaltons
KGF keratinocyte growth factor

10 NaDodSO,/PAGE Sodium dodecylsulphate (SDS)/
polyacrylamide gel electrophoresis
RP-HPLC reversed-phase high performance
liquid chromatography

TGFa . transforming growth factor a
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appeared to be indistinguishable in the two pr epar at-i-ons.....

Physi cal and Bi ol ogi cal Characterization of the G?d%@ ﬁﬁ@u@n e
purified factor had an estimated nol ecul ar wei ght joff-abett—28-K
based on NaDodS{ err]/PAGE under reducing (Fig. |-

FET

2) .
non-reduci ng conditions (data not shown). This 15 val de mgggiM&80687

agreenent with its elution

run in

10

15

20

25

position on two differgntl.sizing colu

1S

sol vents expected to naintais native confornfmation

BACKGROUND OF THE INVENTION

Growth factors are important mediators
of intercellular communication. These potent
-molecules are generally released by one cell type
and act to influence proliferation of other cell
types (see reference I-1 in Experimental Section
I, below). Interest in grcwth.factcrs has been
heightened by evidence of their potential
involvenent in neoplasia (reference II-2 in
Experimental Section II, below). The v=sis
transforming gene of simian sarcoma virus encodes
a protein that is.hcmologous to the B chain of
platelet-derived growth factor (I-1, I-2).
Moreover, a number cf,oncogenes are homologues of
genes encoding growth factor receptors (I-1).
Thus, inc:eased_unde:standing of growth factors
and their receétor-aediated signal transduction
pathways is 1ike1y to provide insights into
mechanisms of both nermal and malignant cell
grcwth

One kncwn fanily of growth factors
affecting connective tzssue cells includes acidic
fihrcblast growth tactor (aFGF). basic tibroblast
growth factcr (bFBF),'and the related products of
the Ast and iru-z oncogenes.

Further, it is known that some growth

factors, including the following, have heparin-



(TSK-G3000-SW Fig. 1-3, and superose-12, data not

how)—F-em
t hese data, the mtogen appears 20 to consist of a siréﬂgﬁéh§WH§ﬁiSH§ET
chain with a nol ecul ar wei ght of 25-30 kDa. The—teal
and acid lability of the m togenic activity were deno r i ng
the - BALB/ MK m t ogenesi s bi oassay. Wile activity ma% qgg ﬁhﬁqu?
unaffected by a 10 min incubation at 50[err]C, it was —t-educed-y 580
after 10 min at 60[err] C and was unqgtectable after 3 mn at
100[ err] C. Exposure to

10

15

20

25

binding properties: aFGF (I-20, 1421): bFGF (I-
19, I-20); granulocyte/macrophage colony
stimulating factor (I-l1l):; and interleukin 3 (I~
1). Each of these polypeptide factors is
produced by stromal cells (I-l1, I-2, I-25). Such
factors appear to be deposited in the

extracellular matrix, or on proteoglycans coating

_the stromal cell surface (I-l1, I-25). It has

been_postulated that their storage, release and
contact with specific target cells are regulated
by this interaction (1-25, I-28).

It is widely recognized, however, that
the vast majority of human malignancies are
derived from epithelial tissues (I-5). Effectors
of epithelial cell proliferation derived from
mesenchymal tissues have been described (I-1, I;
2, I-3), however, their molecular identities and
structures have not been elucidated.

In light of ﬁhis dearth of knoq;edge
about such neSenchymal growth factors affecting
epithelial cells, it is apparent that there has
heen_§ need fpr methods and compositions and
h;oﬁsqéys wh;éh would provide an improved
knoyiedge'and ana;ysis of-;echanisms of
regulation of epithélial cell proliferation, and,
ultimately, a need for novel diagnostics and |

therapies based on the factors involved therein.



0.5M acetic acid for 60 mn at roomtenperature

4 4 resulted in a decline in activity to 14% of the control. In
conparison, the mtogenic activity of the known growth factor, EGF,
was not di m ni shed by any of these treatnents.

5

This invention contemplates the
application of methods of protein isolation and
recombinant DNA technologies to fulfill such
needs and to develop means for producing protein

5 | factors of mesenchymal origin, which appeaf to be
related to epithelial cell proliferation
processes and which could not be produced
otherwise. This invention also contemplates the
application of the molecular mechanisms of these

10 factors related to epithélial éell growth

processes.

REPLACEMENT SHEET|
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5 The dose response curve for the purified growt h factor
depicted in Fig. 1-4 illustrates that as little as QG-l-nMl-ed-t-e-a——-

det ect abl e stimulation of DNA synthesis. Thus, the cﬁhyﬁbyﬂbd Htﬂf;
range was conparable to that of the other growth 10

f qctforsTanaryzed—yo
date. A linear relationship was observed in the cdnde Et fﬂﬁﬁg§?”3€
0.1 - 1.0 nMwi th maxi mal stinmulatgon of 600 fold dgbge W Ot
1.0 nM The novel factor consistently induced a hi gher 'DHD' of

maxi mal thym di ne incorporatian o N ,
' SUMMARY OF THE INVENTION

The present invention relates to
developments of protein isolation and recombinant
- DNA technoleogies, which include production of
novel growth factor proteins affecting epithelial
cells, free of other peptide factors. Novel DNA
segments and biocassay methods are also included.
The present invention in barticular
relates to a novel protein having structural
10 and/or functional characteristics of a known
family of growth factors which includes acidic
fibroblast growth factor (aFGF), basic fibroblast
growth factor (bFBF) and the relate& products of
the hst and imt-2 oncogenes. _'l‘his new member of the
1S = FGF polypeptide family retains the heparin-
binding properties of the FGFs but has evolved a
unique target cell specificity. This growth
factor appears to be specific.fof epithelial
célls and is particulafly active on
20 keratinocytes. Therefore, this qovel factor has
been designated "keratinocyte growth factor"®
(XGF). Notwithstanding its lack of activity on
fibroblasts, since it is the sixth known member
of the FGF pqupeﬁtidé family, KGF may also be

25 referred to as FGF-6.

Accordingly, this invention relates, in
part, to purified KGF or KGF-like proteins and



15 than EGF, aFGF, or bFGF in the BALB/ MK keratdnocybes

1- 4) . The distinctive target cell speci fliciifiyiCRAiENT ﬁﬁEEY
this factor was denonstrated by conparing its act] VitTies ora ‘
variety of cell types with those 20 of other growth ct

possess epithelial cell mtogenic activity. As sho ?é Nﬁﬁpﬁ@?T b
-2, the newy isolated factor exhibited a stron '

on BALB/ MK but al so

4

i nduced dennnstra?le i ncor porfati on of thynldln

methods for preparing'these proteins. Such
purified factors may be made by cultivation of
human cells which naturally secrete these
proteins and application of isolation methods

5 according to the practice of this invention.
Thesé proteins can be used for biochemical and
biological studies leading, for example, to
isoiation of DNA segments encoding KGF or KGF-
like polypeptides.

10 The present iﬂvgntion also relates to
such DNA segments which encode KGF or KGF-like
proteins. In a principal embodiment, the present
invention relates to DNA segments, which encode
KGF-related pioducts, consisting of: human cDNaA

15 clones 32 or 49, derived from polyadenflated RNA
extracted from the human embryonic lung
fibroblast cell line M426; recombinants and
mutants of these clones; and related DNA segments
which can be detected by hybridizatiqh to any of

20 the above human DNA s;gments, which related |
segments encode KGF-like proteins or portions
thereof. |

In the practi;e of one embodiment of
this invention, the DNA segments of the invention

25 are capable of being expressed in suitable host
cells, thereby producing KGF or KG?-like
proteins. The invention also relates to mRNAs

produced as the result of transcription of the



25 into DNA of the other epithelial cells tested. Ln..striking
contrast,, the factor had no det ect abl e m t ogeni Bi-Bf A GG EHPNS ML
(or human, data not shown) fibroblasts ¢r rhrtrai-& £

vei n endot helial cells. 03 MAR 1997

8

sense strands of the DNA segments of this

invention.

In another embodiment, the invention

relates to a recombinant DNA molecule comprising

5 a vector and a2 DNA of the present invention. '
These recombinant molecules are exemplified by
molecules comprising a KGF cDNRA and any of the
following vector DNAs: a bacteriophage A cloning
vector (exemplified by ApCEVY9): a DNA sequencing

10  plasmid vector (e.g., a pUC variant): a bacterial
gene expression vector (e.g., pKK233-2); or a
mammalian gene exp;essiqn vector (such as pMMT).

In still another embodiment, the

invention comprises a cell, preferably a

15 mammalian celi, transformed with a DNA of the
invention. rurthef, the invention comprises
cells, including insect cells, yeést cells and
bacterial cells such as those of Escherichia coli and
B. subtilis, transformed with DNAs of the invention.

20 Accorﬁihg to another embodiment of this aspect of
the invention, the transforming DNA is capable of
being expressed in the cell, thereby increasing
in:the cell the amount of KGF or KGF-like protein
encoded by this DNA.

25 The primary KGF translation product
predicted from its cDNA sequence contains an

N-terminal hydrophobic region which likely serves



“appeared-itlo SHEET

By conparison, none of the- other known growt h factor
preferentially 5 stinul ate keratinocytes. TG-[err] an GF showed 7]
potent activity on fibroblasts, while the FG-s wer e 'tOQPBiMAROBQ?
endothelial cells as well as fibroblasts (Table 1-2). Because of Its
specificity of epithelial cells and the 18 sensitivityjof Keratrnocytes

in particular, the novel mtogen was provisionally signated as
keratinocyte growas facignalK@Geéguence for secretion and which is

not present in-the mature KGF molecule. In a
most preferred embodiment of the gene expression
aspect of the invention, the cell transformed by

.the DNA of the invention secretes the protein
encoded by that DNA in the (truncated) form that
is secreted by human embryonic lung £ibroblast
cells.

Still further, this invention
10 contemplates KGF qr.KGF-like proteins produced by
expression of a DNA of the invention, or by
translation of an RNA of the invention.
Preferably, these proteins will be of the
secreted form (i.e., lacking an apparent signal

;5 sequence). These protein factors can be_used for

functional studies, and can be purified for

additional structural and functional analyses,

such as qualitative and quantitative receptor
binding assays.

20 Moreover, the ability to produce large

quantities of this novel growth factor by
reccmbinant‘techniques will allow testing of its
c%ig@ga; applicability in-sitnation;iwhere
specific stimulation:of growth of epithelial
25 cells is of particular importance. Accordingly,
this invention includes pharmaceutical
compositions comprising KGF or KGF-like

polypeptides for use in the treatment of such



To establish that KG- not only woul d

woul d al so support 15 sustai ned cell growth, the afpp ﬂ‘qé
cells to growin a fully-defined, serumfree negiﬁﬂigﬁggagﬁe Eﬂ?
with this growh factor was assessed. As shown |i

served as an

insulin-like growmth factor I) in this chemcally
Thus, KGF appears to act through

by EGF, aFG-

10

15

20

25

stinmul ate DNA. synthesis but

inFg l-5 K
excel l ent substitute for EGF but no id\guMNi‘ @87

efined nediu

2(

t he qabor signafling pat hway shared

conditions, including, for example, healing of
wounds due to burns or stimulation of
transplanted corneal tissue.

According to this embodiment of the
invention, the novel KGF-like proteins will be
protein products of "unmodified" DNAs and mRNAs
of the invention, or will be modified or
geneticﬁlly.engineered protein products. As a
result of engineered mutations in the DNA
sequences, modified KGF-like proteins will have

one or more differences in amino acid sequence

from the corresponding naturally occﬁrring “wila-

type" proteins. According to one embodiment of
this aspect of this invention, the modified KGF-
like proteins will include "chimeric" molecules
comprising segments of amino acid sequences of
KGF and at least one other member of the FGF
peptide family. |

Ultimately, given results of analogous

-successful approaches with other peptide factors

having similar properties, development of such
chimeric KGF-like polypeptides should lead to
superior, "second generation“ forms of KGF-like
peptides for clinical purposés. These modified
KGF~-like products might be smaller, more stable,

more potent, and/or easier or less expensive to

produce, for example.



and bFG- for proliferation of BALB/ MK cells. ﬁE AQEMEMJCSHEET

Reveal s a Uni que N-term nal 25 Am no Acid Sequence ¢f {KG-. To further
characterize the growmh factor, approximtely 150 [prrﬁl3oMAR 1997
Cerr]-purified material were subjected {o am noja¢i d sequence
anal ysis. A single sequence

This invention furthég comprises novel
bioassay methods for detérmining expression in
human cells of the mRNAs and proteins produced
from the genes related to DNA segments of the

5 invention. According to one such embodiment,
DNAs of this invention may be used as probes to
deternmine steady state levels or kinetics of
induction of related mRNAs. The availability of
the KGF-related cDNA clones makes it possible to

10  determine whether abnormal expression of this
growth factor is involved in clinical conditions
characterized by excessive epithelial cell
growth, including dysplasia and neoplasia (e.g.,
psoriasis, or malignant or benign epithelial

15 turmors) .

This invention also contemplates novel
antibodies made against a peptide encoded by a
DNA segment of the invention. 1In this embodiment
of the invention, the antibodies are moncclonal

20 or polyclonal in origin, and are generﬁted using
KGF-related polypeptides from natural,
recombinant or synthetic chemistry sources.

The antibodies of this invention bind
specifically to KGF or a KGF-like protein qhich

25 includes the sequence of such peptide, preferably
when that protein is in its native (biologically
active) conformation. These antibodies can be

~used for detection or purification of the KGF or




was detected wi th unanmbi guous assi gnnents nmade for cycles 2-13, as

foll ows: X-Asn-Asp-Met-Thr- Pro-d u-d n-Met- Al a-Thr-Asn-Val . High
backgr ound noi se precluded an assignnment f or the first 5
position which is, therefore, indicated by an X A conput er
search using the FASTP program (1-24) revealed that the N-term nal
anm no aci d sequence of KGF showed qo significant honol ogy to
any protein in the National 2

antibodies can be used for detection or
purification of the KGF or KGF-like protein
factors. In a most preferred embodiment of this
aspect of the invention, the antibodies will

.5 neutralize the.growth promoting activity of KGF,
thereby enabling mechanistic studies and,
ultimately, therapy for clinical conditions

involving excessive levels of XGF.

"REPLACEMENT SHEET
03 MAR 1097




.10 Bi omedi cal Research Foundati on data bank, thus

| : supporting the
novelty of this epithelial growth factor. E LEET |
Dl SCUSSI ON The studies described in thifs P%\'%CEMENT SHEET
Experinental Section identified a human growh flaqt V\ﬂi ch hasla
uni que specificity for epithelial cells. By enpljoyi %3 AR 1387
ultrafiltration, HSAC and RP-HPLC or TSK si evi ng ronat ogr aphy
according to the present invention, a quap@ity

RIEF _DESC Y B WINGS

Fig. I-1 depicts results of heparin-
Sepharose affinity chromatography of conditioned
. medium from M426 human embryonic fibroblasts -
showing that greater than 90% of the mitogenic
activity for mouse keratinocytes (BALB/MK) eluted
with 0.6 M NaCl.
Fig. I-2 illustrates results of further
purification of the mitogen from human
10 fibroblasts using HPLC with and adsorptive
matrix. Panel (A) shows the profile on reversed-
phase (C;) HPLC of ﬁALB/MK mitogenic activity.
Panel (B) presents electropﬁoretic (NaDodso‘/PAGE)
analysié of selected fractions from the C‘
15 chromatography shown in panel A, demonstrating
that the péax HPLC fractions contained a single
band on the silver stained gel. Panel (C) is a
bar graph of DNA synthesis in BALB/MK cells |
triggered by the fractions analyzed in Panel B,
20 showing that the relative nitogenic activity
correlated well with the intensity of the protein
band across .the__ag,:tivity protile.
' Fig. I-3 presents an alternative
purification step to RP-HPIC, using sieving
25 chromatography with a (TSK G3000SW GlasPac)

column run in aqueous solution near physiologic



20 sufficient to permt detailed characterization of

al
and bi ol ogical properties of this nol ecul e was | % 7 . I
A single silver-stained band corresponding to | ecul ar WeTrght jof
about 25 28,000 daltons was detected in the activ 03 PM@VE@?i n
fromRP-HPLC, and the intensity of the

R,

14

pH, which resulted in a major peak of . .togenic
activity in the BALB/MK bioassay.

Fig. I-4 illustrates a comparison of
BALB/MK DNA synthesis in response to TSK-purified

5 mitogen and other growth factors.

Fig. I-5 shows comparisons' of growth of
BALB/MK cells in a chemically defined medium in
response to different combinations of growth

factors.

10 Table I-1 summar;zes the results from
various purification steps, documenting that
sieving chromatography provided a far better
recovery of activity than the adsorptive RP-HPLC
approach. .- '

15

Table I-2 recapitulates data on the
target cell specificities of various growth
factors, demonstrating that the newly isolated
factor exhibited a strong nitogenic effect on -
keratinocytes (BALB/MK) and, in striking
20 contrast, had no detectable effects on

fibroblasts or human saphenous vein endothelial
cells.
Fig. II-1 presents the nucleotide
sequence and deduced amino acid sequence of KGF
25 CDNA, as well as identification of RNAs
transcribed from the KGF gene. Panel (A)
outlines a schematic representation of human KGF

CDNA clones. Panel (B) documents the XGF cCDNA



47

band was proportional to the |evel of itogenic
these fractions.

A band I ndi st i ngui shabl e fron1tk£ﬁﬂ$§p§ﬁ%gﬁiS§EET

RP- HPLC was seen in the active fractions from TSK |5
chromat ography. The purified protein stinulated DNA 8nMpRs1887 i
epithelial cells at sub- nanonol ar concentrations, |but failed to
I nduce any thym di ne incorporation in fibroblastg or

10

15

20

25

nucleotide and predicted amino acid seguences.
(C) Identification of RNA transcripts of KGF
genes by Northern blot analysis.

Fig. II-2 illustrates the topological

' comparison of the FGF family of related

molecules, including KGF, with emphasis._on the
two protein domains that share high homology, the
putative signal peptide sequences, and the two
ponéerved cysteine residues.

Fig. II-3 shows (Northern blot) analyses
of expression of KGF-related mRNA in selected
normal human cell lines and tissues, revealing
that a single 2.4 kb transcript was present in
RNA from human embryonic lung fibroblasts and
from adult skin fibroblasts, while no transcript
was detected in the (BS/589) epithelial or (HA83)
glial cell lines, or in primary cultures of human
saphenous vein endothelial cells.

Table II-1 summarizes a comparison of
the effect of heparin on KGF mitogenic activity
with effects on other growth factors, showing
that thymidine incorporation into DNA by BALB/MK
cells in response to .KGF was inhibited by
heparin, in contrast, to the activities of both
aFGF and bFGF which were increased by the same

treatment.
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. DESCRIPTION OF SPECIFIC EMBODIMENTS

This invention relates, in part, to
purified KGF or KGF-like proteins and methods for
" preparing these proteins. A principal embodiment
5 of this aspect of this invention relates to
homogeneous KGF characterized by an apparent
molecular weight of about 28 kDa based on
migration in NaDodSO,/PAGE, movement as a single
peak on reversed-phase high.performance liquid
10 chromatography, and a -specific activity of at
' least about 3.4 x 10° units per milligram, and
preferably at least about 3.2 x 10° units per
milligram, where ‘one unit of activity is defined
as that amount which causes half of the maximal
15 possible stimulation of DNA synthesis in certain
epithelial (keratinocyte) cells under standard
assay conditions outlined below.:
'~ 7o identify novel growth factors
specific for epithelial cell types, a clonal
20 ' 'BALB/c mouse keratinocyte cell line, designated
BALB/MK (I-6) was employed as an indicator cell
to detect such factors. These cells are
dependent for their growth upon an exogenous
source of an epithelial cell mitogen even in

25 medium containing serum (I~6). The development

of chemically defined medium for these cells has

made it possible to demonstrate that two major
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Handl i ng and storage of KGF were profl2matical during 1ts
purification. Besides

mitogenic pathways are required for BALB/MK

proliferation.- One involves insulin-like growth
factor I (or insulin at high concentration) . and
the other is satisfied by epidermal growth factor
s  (EGF), transforming growth factor e (TGFe),
acidic fibroblast growth factor (aFGF) or basic
fibroblast growth factor (bFBF) (I-7).
By using BALB/MK as the prototypical
epithelial cell line and NIH/3T3 as its
10 fibroblast counterpart, conditioned media from
various human cell lines were assayed for new
epithelial cell-specific mitogens. These |
bioassays of this invention enabled the
purification to hémogeneity of one such novel
15 growth fﬁctor, released by a human embryonic lung
fibroblasf.line, and designated herein as
keratinocyte growth factor (KGF).
In_brief, the bioassay for KGF-like
activity under standard conditions comprises the

20 following steps:

(1) Mouse keratinocytes (BALB/MK cells) are
grown in culture to confluency and then
maintained for 24-72 hr in serum-free medium;

(ii) Following addition of test samples,

25 stimulation of DNA synthesis is determined by
incorporation of 3H-thymidine into acid-
. . precipitable DNA.
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To determine the cell target specificity
of a mitogenic.growth factor, the DNA synthesis
stimulation, expressed as ratio of stimulated
synthesis over background incorporation of

5 ‘thymidine in the absence of added test sample, _

' can be compared to anilogous stinulﬁtion observed
in cells other than keratinocytes under the same
assay conditions. 1In such comparisons, KGF
mitogenic activity will exhibit marked

10 specificity for the kefhtinocytes as opposed to
fibroblasts (at least about 500-fold greater
stimulation) and lesser but significant (at least
about 50-fold) greater activity on keratinocytes
than on other exemplary epithelial cell t?pes

15 (see Table.I-z for further data, and Matérials
and Methods in Experimental Section I for details
of the standard conditions of the bioassay) .

By employing a method of KGF produétion
involving culturing cell# and isolating mitogenic

20 activity, which method comprises ultr;filtratioh,
heparin-Sepharose affinity chromatography (HSAC)
and adsorptive reversed-phase high performance
liquid chromatography (RP-HPIC) or, _
alternatively, molecular .sieving HPIC (TSK-HPIC),

25 according to the present invention, a quantity
was isolated sufficient to permit detailed
characterization of the physical and biological

properties of this molecule.
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To summarize, the method for production
of KGF from producing cells such as M426 human

embryonic fibroblasts (I-8), for example,

comprises the following steps:

(i) Preparation of conditioned media (e.g.,
10 liters) using monolayer cultures cycled from
serum-containing to serum-free medium and storing
the serum-free harvest at =70°C until further
use; |

(ii) concentration by ultrafiltration using
membranes having a 10 kDa molecular weight cutoff
in several successive steps with intervening
dilution in buffer (to facilitate removal of low
molecular weight materials), followed by optional
storage at -70°C;

(iii) Affinity chromatography on heparin
attached to a polymeric support (e.g., Sepharose)
with elution by a gradient of increasing NacCl
concentration:;

(iv) Concentration by a factor of at least
ten- to twenty-fold with small scale
ultrafiltration devices with a 10 kDa molecular
weight cutoff (e.g., a Centricon-10
microconcentrator from Amicon) and storage at
=70°C.

The next step of the purification
process comprises either step (v) or,

alternatively, step (vi), as follows:
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(v) Reversed-phase HPIC of active fractions
(0.6 M NaCl pool) from the previous HSAC step in
organic solvent systems:;

or,

5 ' (vi) Molecular sieve HPLC (e.g, on a TSK-
G3000SW Glas-Pac Column from LKB) in aqueous
buffer at near physiological pH (e.g., Tris-HC1,
pH 6.8/0.5M NaCl) followed by storage at -70°C.

A preparation made by the TSK step (vi)
10 was almost as pﬁre as one ob@ained from RP-HPLC,
' as judged by silver-stained NaDodSO,/PAGE (data
not shown); but the TSK approach provided a far
better recovery of activity (Table I-1).
Further, the Tsxbpuritied material had a higher
s specific activity than the RP-HPIC material. XGF
prepared by the TSK procedure above stimulated
DNA synthesis in epithelial cells at sub- .
nanomolar concentrations, but failed to induce
any thymidine incorporation into DNA of
20 “fibroblasts or endothelial cells at comparable or
Hhigher concentrations. (up to 5 nM). The activity
was sensitive to acid, heat and solvents used in
the RP-HPIC step. (See Experimental Section I fof
data on sensitivities and further details of the
25 production method.)
Using standard methodology well known in
the art, an unambiquous amino acid sequence was

determined for positions 2-13 from the amino




extracel lular matrix, or on proteoglycans coating ?ﬁa |
surface (1-25, 1-28). It has been postul at ed trunRgﬁnac%hg{ é@@iT
rel ease and 49 gntact with
specific target cells are regul ated by this interq I dh3( MARS1907 - 28
Wi | e mesenchymal -derived effectors of epithelial cél

21

terminus of the purified KGF, as folluws: Asn-
Asp-Met-Thr-Pro-Glu-Gln-Met-Ala-&hr-ksn-Val (see
Experimental Section I).
The present invention also includes DNA
S segments encoding KGF and KGF-like polypeptides.
The DNAs of this invention are exemplified by
DNAs referred to herein as: human cDNA clones 32
and 49 derived from polyadenylated RNA extracted
from the human embryonic lung fibroblast cell
10  line M426; recombinants and mutants of these
clones; and related DNA segments which ccn be
detected by hybridization to these DNA segments.
As described in Experimental Section II,
to search for cDNA clones corresponding to the
15 known portion of the KGF amino acid sequence, two
| pools of cligonucleotide probes were generated
based upon all pcssihle nucleotide sequences
encoding the hine-amino.acid scquence,
Asn-Asp-Met-Thr-Pro-Glu-Gln-Met-Ala. A CDNA
20 1ibrary was constructed in a cDNA clcnxng vector,
ApCEV9, using polyadenylated RNA extracted from
the human embryonic lung tibroblast cell line
M426 which was the initial source ‘of the growth
factor. Screcning of the 1ibrary (9 x 10°
25 plaques) with the'nP—labelied oligonucleotides
identified 88 plaques which hybridized to both

probes.
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0f 10 plaque-purified clones chat were
analyzed, one,.designated clone 49, had a cDNA
insert of 3.5 kb, while the rest had inserts

ranging from 1.8 kb to 2.1 kb. Analysis of the

‘'smaller clones revealed several common

restriction sites, and sequencing of a
representative smaller clone, designated clone
32, along with clone 49, demonstrated that they
were overlapping cDNAs (Fig II-1A). Alignment of
the two cDNAs established a continuous sequence
of 3.85 kb containing the complete KGF coding
sequence. The sense strand DNA nucleotide
sequence, and the predicted primary protein’
sequence enccded,'are shown for the full-length
composite KGF cDNA sequence in Fig. II-1B.

These DNAs, CDNA clones 32 and 49, as
well as recombinant forms of these segments
comprising the complete KGF coding sequence, are
most preferred DNAs of this invention.

Frcm the cDNA sequence, it is apparent

‘that the prinary KGF and Ast translation products

contain hydrcphobic N-terminal regions which
likely serve as signal sequences, based on
similarity to such sequences in a variety of
other prcteins. Accordingly, this N-terminal
domain is not present in the purified mature KGF

molecule which is secreted by human embryonic

fibroblasts.
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Furthermore, KGF shares with all other
menmbers of the FGF family twoc major regions of
homoleogy, spanning amino acids 65-156 and 162-189
in the predicted KGF sequence, which are

- separated by short, nonhomologous series of amino
acids of various lengths in the different family
members. The sequence of the purified form of
KGF contains five cysteine residues, two of which
are conserved throughout the family of FGF
related proteins. Five pairs of basic residues
occur throughout the KGF sequence. This same -
pattern has been observed in other FGF family
members.

It should be obvious to one skilled in
the art that, by using the DNAs and RNAs of this
invention in hybridization methods (such as
Southern blot analyses of genomic human DNAs),
especially the most preferred DNAs listed heréin
above, without undue experimentation,. it is
possible to screen genomic or cDNA libraries to
£find other KGF~like DNAs which fall within the
scope of this invention. Furthermore, by so
using DNAs of tﬁis invention, genetic markers
associated with the KGF gene, such as restriction
fragment length polymorphisms (RFLPs), may be
identified and associated with inherited clinical

conditions involving this or other nearby genes.
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This invention also includes modified
forms of KGF DNAsS. According to a chief

embodiment of this aspect of the invention, such

modified DNAs encode KGF-like proteins comprising

segments of amino acid sequences of KGF and at

least one other member of the FGF peptide family.

Thus, for example, since there is no significant
N-terminal homology between the secreted form of
KGF and analogous positions in other FGF-related
proteins, polypeptides with novel structural and
functional properties may be created by grafting
DNA segments encoding the distinct N-terminal
segments of another polypeptide in the FGF family
onto a KGF DNA seg'ment in place of i:éé usual NH,-
terminal sequence. |

The polypeptide chimeras produced by
such modified DNAs are useful for determining
whether the KGF NH,-terminal domain is sufficient
to account for its unique target cell
specificity. Studies on chimeras should alsc
pfovide insights into which domains contribute
the different effects of heparin on their
bioclogic activities. S

Indeed, the utility of this approach has
already been confirmed by the successful
engineering and expression of a chimeric molecule
in which about 40 amino acids from the NH,-

terminus of the secreted form of KGF (beginning
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with une amino terminal cys residue -o. the mature
KGF form, numbered 32 in Fig II-1, and ending at
KGF residue 78, arg) is linked to about 140 amino
acids of the COy-terminal core of aFGF (beginning
at residue 39, arg, and continuing to the C-
terminal end of the aFGF coding sequence. This
chimeric product has a target cell preference for
Keratinocytes, like KGF; but lacks susceptibility
'to heparin, a characteristic which parallels that
of aFGF rather than KGF. This novel KGF-like
growth féctcr may have.advéntages in clinical
applications where admipistration of an
epithelial-specific growth factor is desirable in
the presence of héparin,_a commonly used
anticoagulant. Further details of the
construction of this chimeric molecule and the
properties of the polypeptide are described in
Experimental Section II.

Other DNAs of this invention include the
following recombinant DNA molecules comprising a
KGF cDNA and any of the following exemplary
vector DNAs: a bacteriophage A cloning vector
(ApCEV9) ; a DNA sequencing plasmid vector (a puUC
variant); a bacterial expression vector (pKK233-

2); or a mammalian expression vector (pMMT/neo).

Such recombinant DNAs are exemplified by
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constructs described in detail in the
Experimental Sections.
Most preferred recombinant molecules

include the following: molecules comprising the

' coding sequence for the secreted form of KGF and

a bacterial expression vector (e.gq., PKK233-2) or
a cDNA encoding the entire primary translation
product (including the NH,-terminal signal
peptide) and a mammalian expression vector
(exemplified by pMMT) capable of expressing
inserted DNAs in mammalian (e.g., NIH/3T3) cells.
Construction of recombinant DNAs
containing KGF DNA and a bacterial expression

vector is described in Experimental Section II.

- In brief, KGF cDNA was expressed to produce

polypeptide in E.coli by placing its coding

sequence under control of the hybrid trk promoter

in the plaénid expression vector pKK233-2 (iI-
31).

Construction of recombinant DNAs

‘comprising KGF DNA and a mammalian vector capable

25

of expressing inserted DNAs in cultured human or
animal cells, can be carried out by standard gene
expression technology using methods well known in
the art for expression of such a relatively

sinmple polypeptide. One specific embodiment of a

recombinant DNA of this aspect of the present
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invention, involving the mammalian veccor pMMT,
is described further below in this section under
recombinant cells of this invention.
DNAs and sense strand RNAs of this
5  invention can be employed, in conjunction with
protein production methods of this invention, to
make large quantities of substantially pure KGF
or KGF-like proteins. Substantially pure KGF
protein thus produced can be employed, using
10 well-known techniques, in diagnostic assays to
determine the presence of receptors :or'this
protein in various body fluids and tissue
samp;es.
Accprdipgly, this invention.also
15 comprises a cell, preferably a. bacterial or
mammalian cell, transformed with a DNA of the
invention, wherein the transforming DNA is
capable of being expressed. In a preferred
embodiment of this aspecp of the'invention, the
20 cell transformed by the DNA of the ihventibn
produces KGF proééin-iﬁ"é fully pitogenic fornm.
Most preferably, these proteins will be of a
secreted form (i.e., lacking an apparent signal
sequence). These protein factors can be used for
25 functional studies, and can be purified for
additional biochemical and functional analyses,

such as qualitative and quantitative receptor
binding assays.
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constructed in-a bacterial expression vector,
pKK233-2, for production of KGF, as detailed in
Experimental Section II. In summary, several

5 recombinant bacterial clones were tested for
protein production by the usual small scale
methods. All recombinants tested sfnthesized a
protein that was recognized by antibodies raised
'against an amino-terminal KGF peptide (see

10 below). One recombinant was grown up in a one
liter culture which produced recombinant KGF that
efficiently stimulated thymidine incorporation
into DNA of BALB/MK keratinocyte cells, but was
only marginaliy active on NIH/3T3 fibroblasts.

15 Half-maximal stimulation of the BALB/MK cells in
the standard keratinocyte biocassay was achieved
with a concentration of between 2 to 5 ng/ml,
compared to a concentration of 10 to 15 ng/ml for
KGF purified fron M426 cells.

20 One liter of bacterial cells yielded
approxinately 50 #g of Mono-§S purified
recombinant gGF.. It will be apparent to those -
skilled in th$,§%£.°f oene,expression that this
initiel yieldmcen helimoroved substantially

25 without undue experimentation by application of a
variety known recombinant DNA technologies.

Recombinant mammalian (NIH/3T3 mouse)

cells have also been constructed using the entire
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KGF cDNA coding sequence (including the NH,-
terminal sigmal peptide) and the vector pMMT/neo,
which carries mouse metallothionine (MMT)
promoter and the selective marker gene for
neomycin resistance. The cells are being
evaluated for KGF production, particularly for
secretion of the mature form (lacking signal -
peptide) produced by human fibroblasts, using
bioassays of the present invention. This same
vector and host cell combination has been used
successfully to express several other similar
recombinant polypeptides, including high levels
of Platelet-Derived Growth Factor (PDGF) A and B
chains (II-32). -Accordingly, it will be
recognized by those skilled in the art that high
yields of recombinant KGF can
be achieved in this manner, using the
aforementioned recombinant DNAs and transformed
- cells of this invention.

' Ultimately, large-écale production can
be used to enable clinical testing in conditions
requiring specific stimulation of epithelial cell
growth. Materials and methods for preparing
pharmaceutical compositions for administration of
polypeptides topically (to skin or to the cornea
of the eye, for example) or systemically are well

known in the art and can be adapted readily for
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administration of KGF and KGF-like peptides
without undue experimentation.
This invention also comprises novel
antibodies made against a peptide encoded by a
S  DNA segment of the invention. This embodiment of

the invention is exemplified by several kinds of
antibodies which recognize KGF. These have been
. prepared using standard methodologies well known
in the art of experimental immunology, as
10 outlined in Experimental Section II. These
antibodies inélude: monoclonal antibodies raised
in mice against intact, ‘purified prbteiﬁ from
human fibroblasts;'polyclonal antibodies raised
in rabbits against synthetic peptides wigh
15 sequences based on amino acid sequencés predicted
from the KGF cDNA sequence [exemplified by a
peptide with the sequence of KGF residues 32-45,
namely, NDMTPEQMATNVR (using standard one-letter
code for amino acid sequences; see Fig. Ii-l)]:
20 polyéicnal antibodies raised in rabbits against
both naturally secreted KGF from human
fibroblasts and recombinant KGF produced in E. coli
(see above). '
All tested antibodies recognize the
25 fecombinant as Qell as the naturally occurring
KGF, either iﬁ a solid-phase (ELISA) assay and/of
in a Western blot. Some exemplary antibodies,

which are preferred antibodies of this invention,
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Fragments of antibodies of this

invention, such as Fab or F(ab)' fragments, which -

. retain antigen binding activity and can be
prepared by methods well known in the art, also
fall within the scope of the present invention.
Further, this invention comprises pharmaceutical
compositions of the antibodies of this invention,
or active fragments thereof, which can be
prepared using materials and methods for
preparing pharmaceutical compositions for
administration of polypeptides that are well
known in the art and can be adapted readily for
administration of KGF and KGF-like peptides
without undue experimentation.

These antibodies, and active fragments
thereof, can be used, for example, fo; detection
of_ﬁggmin biocassays or for purification of the
protein factors. They may also be used in
approaches well known in the art, for isolation
o:lfhe receptor for KGF, which, as described in
Experimental Section I1I, appears to be distinct
from those of all other known growth factors.

Thése preferred antibodies, and
fragments and pharmaceutical compositions
thereof, which neqtralize mitogenic activity of

KGF for epithelial cells, as indicated by the

THIS SHEET HAS BEEN
REPLACED
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(]
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BALB/MK assay, for instance, may be used in the
treatment of clinical conditions characterized by
excessive epithelial cell growth, including
dysplasia and neoplasia (e.g., psoriasis, or

5 ‘malignant or benign epithelial tumors).

This invention further comprises novel
biocassay methods for detecting the expression of
genes related to DNAs of the invention. 1In some
exemplary embodiménts, DNAs of this invention

10 were used as probes to determine steady state
levels of related mRNAs. Methods for these
bicassays of the invention, using KGF DNAs, and
standard Northern blétting techniques, are
described in detail in Experimental Section II.

15 One skilled in the art will recognize
that, without undue experimentation, such methods
may be readily applied to analysis of gene
expression for KGF-like proteins, either in

.'isoiated cells or various tissues. Such

20 ; Dbioassays may be useful, for example, for
identification of various classes of tumor cells
or genetic defects in the epithelial growth
processes.

Without further elaboration, it is

25 believed that one of ordinary skill in the art,
using the preceding description, and following
the methods of the Experimental Sections below,

can utilize the present invention to its fullest
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extent. The material disclosed in the

Experimental Sections, unless otherwise

indicated, is disclosed for illustrative purposes

and therefore should not be construed as being

limitive in any way of the appended claims.



DEFI NES A NEW MEMBER OF THE FGF FAMLY 5 Wor REPLAG&MEW SHEET
previ ous Experi nent al Section | identified and purifi a~Tovel

hepari n- bi nding growm h factor, designated ker at i nocyt ;rgg%ggggqgﬁr
(KGF), which is particularly active on keratinocytes an 0

to be specific for epithelial cells. This second Ex euuaarfﬂ
Section describes the isolation and aracterizationlof cDNA cl ones

encodi ng KGF, usi ng synthetic oligonucl eotides, based upormthe
' EXPERIMENTAL SECTION I

IDENTIFICATION AND CHARACTERIZATION OF A NOVEL
GROWTH FACTOR BPECIFIC FOR EPITHELIAL CELLS

This section describes experimental work
5 leading to identification of a growth factor
specific for epithelial cells in conditioned
medium of a human embryonic lung fibroblast cell
line. The factor, provisionally termed
keratinocyte growth factor (KGF) because of its
10 predeminant activity on this cell type, was
purified to homogeneity by a combination of
ultrafiltration, heparin-Sepharcse affinity
chromatography and hydrophobic chromatography on
a C, reversed-phase HPLC column, according to
15 methods of this invention. KGF was found to be
both acid and heat labile, and consisted of a
single polypeptide chain with an apparent
molecular weight of approximately 28,000 daltons.
Purified KGF was a potent mitogen for epithelial
20 cells, capable of stimulating DNA synthesis in
qgigscent BALB/MK epidermal keratinocytes by more
than 500-fold with activity detectable at 0.1 nM
and maximal at 1.0 nM. Lack of mitogenic
activity on either fibroblasts or endothelial
25 cells indicated that KGF pos;essed a target cell
specificity distinct from any previously

characterized growth factor. Microsequencing



experinental ly determined NH err]-terminal amino acid 15 |RE@ BN P
hybri di zati on probes. Nucl eotide d qq%?@g!g%ﬁhﬁi

sequence anal ysi s o
582- bp open readi ng franme which would code for a 194t a .@%t
acid pol ypeptide that is between 41% and 33% i dent i clal | t9 3t MAR 1387
hepari n-bi nding acidic and basic 20 fibroblast gromh flactors (FGFS),
and the rel ated

gene RNA transcript is expressed in normal

products of the hst qu I nt-2 oncogenes. The KGF
fi brobl astts—ef—bot-h

enbryoni ¢ and adul fewéaféd an amino-terminal sequence containing no

10

is

20

25

significant homology to any known protein. The
release of this novel growth factor by human

embryonic fibroblasts indicates that KGF plays a

' role in mesenchymal stimulation of normal

epithelial cell proliferation.

METHODS AND MATERIALS

Preparation of Conditioned Media. An
early passage of M426 humag embryonic
fibroblasts (I-8) was plated onto 175 cm® T-flasks
and grown to confluence over 10-14'days in
Dulbecco's modified Eagle's medium (DMEM; GIBCO)
supplemented with 10% calf serum (GIBCO). Once
confluent, the monoclayers were cycled weekly from
serum-containing to serum-free medium, the latter
consisting of DMEM alone. The cells were washed
twice with 5 ml of phosphate buffered saline
prior to addition of 20 ml of DMEM. After 72
hrs, culture fluids were collected and replaced
with 35 ml of serum~-containing medium. The
conditioned medium was stored at =-70°C until
further use.

Ultrafiltration. kppfoximately ten
liters of conditioned medium were thawed,
prefiltered through a 0.50 micron filter

(Millipore HAWP 142 S50) and concentrated to 200




but not in epithelial, endothelial or glial 25 | cel 3= ;thsx,__“./\ﬁ -
appears to be normally expressed by the nesenchynﬁr’éﬂfﬁ@ki\@?hm‘iwg
role in the regul ation of epithelial cell prolifefation.
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ml using the Pellicon cassette system (Millipore

03 MAR 1997

XX42 OOK 60) and a cassette having a 10 kDa
molecular weight cutoff (Millipore PTGC 000 0S5).

After concentration, the sample was subjected to

two successive rounds of dilution with one liter

of 20 mM Tris-HCl, pH 7.5/0.3M NaCl, each
followed by another step of ultrafiltration vith'
the Pellicon sygtem. Activity recovered in the
retentate was either immediately applied to
heparin-Sepharose resin or stored at -70°C.
gggg;- in-Segga;oée Affinity
QMEMEBBL.LH&L- The retentate from
ultrafiltration was loaded onto heparin-Sepharose
resin (Pharmacia)' which had been equi.librg;ted in
20 mM Tris-HCl, pH 7.5/0.3 M NaCl. The resin was
washed extensively until the optical density had
returned to baseline and then subjected to a

linear-step gradient of increasing NacCl

'conce_ntration. After removing aliquots from the

fractions for the thymidine incorporation
bi.odssay . selected fractions were concentrated
ten- to twenty-fold with a Centricon-10
microconcentrator (Amicon) and stored at -70°C.
ve =Ph - . Active
fractions (0.6 M Nacl pcoi) from the HSAC were
thawed, pooled and further concentrated with the
Centricon-10 to a final volume of <200 gxl. The

sample was loaded onto a Vydac C, HPIC column (The




| sol ati on of cDNA cl ones. The purification and N-ter

of KGF has been previously described (see Experinental
|, above and I1-3). Pools (50 pnole) of [

deoxyol i gonyclijed Rd
descri bed under Results were 5' end-|abelled using 8
r-[err] P-ATP (3000 G /nmmol e, Amersham) and 10 units of

pol ynucl eoti de ki nase. The reconbi nant p@age 10

carryimg _cDNA cl ones
were replica plated onto )

e e i

Separations Group, Hesperia, CA) which had been
equilibrated in 0.1% trifluorocacetic acid (TFa,
Fluka)/20% acetonitrile (Baker, HPLC grade) and
eluted with a linear gradient of increasing

5 .acetonitrile. Aliquots for the bioassay were
immediately dilutéd in a 10-fold excess of 50
Kg/ml BSA (Fraction V, Sigma)/20 mM Tris-HCl, pH
7.5. The remainder of the sample was dried in a
Speed-Vac (Savant) in preparation for structural

10 analysis.

.~ Molecular Sieve HPLC. Approximately 50

#l of the twice concentrated heparin-Sepharose
fractions were loaded onto a TSK-G3000SW Glas-Pac
Column (LKB) which.had been equilibrated in 20 mM

1s Tris-HCl, pH 6.8/0.5M NaCl. The sample was
eluted in this buffer at a flow rate of 0.4
ml/nin. After removing aligquots for the
bicassay, the fractions'were stored at -70°C.

NaDodSO ~Polyacrylamide Gel

20 Electrophoresis (NaDodSO,/PAGE). - Polyacrylamide
gels were prepared with NaDodSO, according to.the
procedure of Laemmli (I-9). Sahples were boiled
for 3 min in the presence of 2.5% |
2-mercaptoethanol (vol/vol). The gels were fixed

25 and stained with silver (I-10) using the reagents
and protocol from BioRad. Molecular weight

markers were from Pharmacia.



nitrocellulose filters and hybridized with
deoxyol i gonucl eotides in 20% formam de, 10% dextra

Tris-HCA (pH 7.5), 8 x SSC, 5x Denhardt's and 50 [
denatured sal non sperm DNA, overnight at 42[err]C.

washed in 0.5 x SSC, 0.1% SDS at SO[err] C and expoged to Kodak

X-omat AR film DNA seqy@:nci ng. The nucl
of the KG- cDNA was determ ned by the dideoxy 20 chain term nation

met hod | of overl apping e Ninety-six
DNA Synthesis Stimulation. -

ters wer e

well microtiter plates (Falcon No. 3596) were
precoated with human fibronectin (Collaborative
~Research) at 1 ng/cmf prior to seeding with

5 BALB/MK cells. Once confluent; the cells were
maintained for 24-72 hr in serum~-free mediunm
containing 5 ug/ml transterfin (Collaborative
Research) and 30 nM Na,SeO; (Baker).
Incorporation of >H-thymidine (5 pCi/ml final

10 concentration, NEN) into DNA was measured during
a 6 hr period beginning at 16 hrs foilowing
addition of samples. The assay was terminated by
washing the cells.once with ice cold phosphate-
buffered saline and twice with 5% trichlorocacetic

15  acid. The precipitaté was redissolved in 0.25 M
NaoOH, transferred'into liquid scintillation fluid
(Biofluor, NEN) and counted.

Stimulation of DNA synthesis was

monitored as described above for BALB/MK cells on

- 20 a variety of other cell lines. NIH/3T3
£ibroblasts (I-11) were availible from the
National Institutes of Health, while CCL208
Rhesus monkey bronchial epithelial cells (1?12)
were obtained from the American Type Culture

25 Collection. The B5/589 human mammary epithelial

cell line, prepared as described in (I-13), was
obtained troﬁ Martha Stampfer (University of

California, Berkeley). The mammary cells were



restriction fragnments, subcloned into pUC vectors st oy
Construction of a bacterial expression vector for K

DINA,
cDNA encodi ng t he 25 mat ure, secreted form of the poI;p%piﬁ%eMggg&ﬂ }
pl aced under control of the hybrid trk pronoter _
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grown in RPMI 1640 supplemented with 10% fetal

calf serum and 4 ng/ml EGF. When maintained in
serunm-free conditions, the basal medium was DMEM.
Primary cultures of human saphenous vein
'endothelial cells were prepared and maintained as
described elsevhere (I-14). Epidermal growth
factor and insulin vere from Collaborative
Research. Acidic FGF and bFGF were obtained from
California Biotechnology, Inc. Recombinant TGFa
10 was obtained from Genentech, Inc. Media and
serum were either from GIBCO, Biofluids, Inc. or
| the NIH media unit. .
| Proliferation Assay. Thirty-five mm
culture dishes were precoéted sequenﬁially with
18 poly-D-lysine (20 ng/cm) (Sigma) and human
' fibronectin, and then seeded with approximately |
2.5 x 10° BALB/MK cells. The basic nedium was a
1:1 mixture of Eagie's 1owICa*'§1niha1 essential
medium and Ham's F-12 mediﬁn, supéléﬁ;nﬁeé with 5
20 gg/ml transferrin, 30 nM Nazseo, and o 2 mu
ethanolamine (sigma) Mediun vas chanqed every 2
or 3 days. After 10 days, the cells were tixed
in formalin (Fisher Scientitic CO.) ind Stained

with Giemsa (Fisher Scientitic CO-).

g6
A

ot

25 Wﬂm- Approximately
4 pug (.150 pmol) of protein from the active
fractions of the C, column were redissolved in 50%

TFA and loaded onto an Applied Biosystems gas-



i g“ im 3
in the plasm d expression vector pKK233-2 (I1- 31), a FhFiB HN? SHEET
acconplish this, a specific | ength of KGF cDNA that contai ned the
i nf or mati on to code for the mature KGF nolecule (i.e. 50 3 withdeey?
its signal peptide) was anplified using the pol yneras¢ ¢hain reaction
(PCR) technique (I'1-32). The fragnent was directionally inserted
between two sites in the vector, nanely 43 Ncol si t et—made bl unt
ended by S1 nucl ease digestion, 10 and the H ndlll site, using standard

reconbi nant- phase protein segquenator. Twenty ro..uds of Edman

degradation were carried out and identifications
of amino acid derivatives were made with an

automated on-line HPLC (Model 120A, Applied
5 ' Biosystems).

RESULTS

Growth Factor Detection and Isolationp.
Preliminery ecreening of conditioned media from
various cell lines indicated that media from some

10 fibroblast lines contained mitogenic activities
detectable on both BAszux and NIH/3T3 cells.
Whereas boiling descroyed the activity on
BALB/MK, mitogenic activity on NIH/3T3 remained
intact. Based on the known heet stability of EGF

15 (I-15) and TGFa (I-16), it was reasoned that the
BALB/&K mitogenic activity might be due to an
agent different from these knovn epithelial
growtn'factcrs. | | _

H426, a huhac?embfyonic lung fibroblast |

20 line, vas selected as the nost productive source
of this activity tcr puri:icaticn of the putative
growth :actor(s). Ultratiltration with the
Pellicon system provided a convenient way of -
reducing the sample volume to a suitable level

25 for subsequent chromatocraphy. Various

combinations of sieving, ion exchange and



DNA net hodol ogy. The ends of the KGF cDNA pr oduged-by—t-he-RCR-met-hod

were as follows: the 5 end was blunt and began ! ﬁ]"”ﬁﬁ@ SHEEﬁ

- followed by the codon TGC for cys residue, nunber 15 % 133,
am no term nal residue of the mat ure form of KGF (s%ﬁmF;FUﬁ$7

and then the entire KG coding Squ%ch The stop;cdodon,”
and the four bases imediately follow ng, ‘were- al-so-i-ncl-ubef

on the 3' end of the cDNA. 20  The priner used in the PCR nethod to
direct DNA isoelectric focusing chromatography ..re tried

during the development of a purification scheme,
but all resulted in unacceptably low yields.
On the other hand, heparin-sSepharose affinity

S ' chromatography (HSAC), which has been employed in
the purification of other growth factors (I-17--
I-22), proved to be useful as an early
purification step in the present invention.
While estimates of recovered specific activity

10 were uncertain at this stage because of the
likely presence of other factors, the appafent
yield-of activity was 50-70% with a corresponding
enrichment of approximately 1000 fold.

As shown in Fig. I-1, greéter than 90%

15 of the BALB/MK mitogenic activity eluted from the
~ HSAC column with 0.6M NaCl. This peak of
activity was not associated with any activity on
" NIH/3T3 cells (data not shown).. A much smaller
peék of BALB/MK mitogenic activity consistently
20 emerged with 0.8 - 1.2M NacCl.

Due to the reproducibility of the HSAC
pattern, active fractions could be identified
presumptively on the basis of the gradient and
optical density profile. Prompt concentration of

25 10-20 fold with the Centricon-10 was found to be
essential for stability, which could be

maintained subsequently at -70°C for several

months.
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synthesis to the desired position on the 3' end ¢ of the cDNAﬁﬁhEF
a Hndlll site for insertion of the anplified cDNA.}ntgmbh% ye(t
DNA. Production of antibodi es agai nst KGF and §
KGF-rel ated peptides. Mnoclonal antibodies were )
against intact, purified protein
nor e :

rai sed-in._njc

Final purification was achieved by RP-HPLC
with a ¢, Vydac column, a preparative method
suitable for amino acid sequence analysis. While
the yield of activity from the C, step was usually

5 .only a few percent, this loss could be attributed

to the solvents employed. In other eﬁperinents,

exposure to 0.1% TFA/50% acetonitrile for 1 hr at
room temperature reduced the mitogenic activity
of the preparation by 98%. Nonetheless, as shown

10 in Fig. I-2, a single peak of BALB/MK stimulatory
activity was obtained, coinciding witﬂ a distinét
peak in the optical densify profile. The peak
fractions produced a single band upon '
NaDodsO,/PAGE and silver staining of the gel (Fig.

is I-2B), and the relative mitogenic activity of
each tested fraction (Fig. I-2C) correlated well
with the intensity of the bands across the
activity protile.

An alternative purification step to the

20 "HPLC technique described above, using sieving -
chromatography with a TSK G3000SW GlasPac column
run in aqueous solution near physiologic pH,
resulted in a major peak of activity in the
BALB/HK'bioassay (Fig. I-3). This preparation

25 was almost as pure as the one obtained f:om RP~-
HPLC as judged by silver-stained NaDodSO,/PAGE
(data not shown) but provided a far better

recovery of activity (Table I-1). The TSK-

42

from human fibrobl asts using 5§or
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56 subcut aneous injections. Test bleed were stk Ene )

sol i d- phase (ELI SA) assay using hi ghly purified KGFffion1hunan —
epithelial cells

met hods and supernatents were screened with the ELI
KGF-reactive anti bodi es. Positive clones were serlﬂLly

t he usual nethods, and sel ected subglInes were gro

10
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25

Nk %én.,ﬂ

as antigen. Hybridomas were prepargdf b§ 3 qag ¢§Z 5
t

assay to ct

purified material was used routinely for

bioclogical studies as it had a higher specific
activity.

In both types of purified preparations
'(i.e.,.purified by HPIC or ﬁblecular sieving),

the profile of mitogenic activity was associated

‘with a distinct band on NaDodsO,/PAGE which

appeared to be indistinguishable in the two

preparations.

a)_and Biolo ' acterizatijo
of the Growth Factor. The purified factor had an
estimated molecular weight of about 28 kba based
on NaDodSO,/PAGE under reducing (Fig. I-2) and
non-reducing conditions (data not shown). This
value was in good agreement with its elution
position on two different sizing columns run in
solvents expected to maintain native conformation
(TSK-G3000-SW, Fig. I-3, and superose-12, data
not shown). Fron these data, the mitogen appears
to consist of a single polypeptide chain with a
molecular weight of 25-30 kDa.

The heat and acid lability of the
mitogenic activity were demonstrated using the
BALB/MK mitogenesis bioassay. While activity was
unaffected by a 10 min incubation at 50°C, it was
reduced by 68% after 10 min at 60°C and vas
undetectable after 3 min at 100°C. Exposure to

0.SM acetic acid for 60 min at room temperature



as ascites tunors in nice for production of large 10
anti bodies. Antibodies were purified fromascites fl
standard t echni ques (e.qg.,

.g., hydroxyapatite or i mmunoaf
Pol ycl onal antibodi es against a synt hetic peptide Jnralsgﬁﬁiﬁﬁ%

rabbits by 15 standard net hods, as folloms The peptldes were--~m
made by solid phase technol ogy and couplﬁ

reacti on with gl utaral dehyde. Serla act i
made and test resulted in a decline in activity to 14% of the

control. In comparison, the mitogenic activity
of the known growth factor, EGF, was not
_diminished by any of these treatments.
' The dose response curve for the purified
growth factor depicted in Fig. I-4 illustrates
that as little as 0.1 nM led to a detectable
stinulation of DNA synthesis. fhus, the activity
range was comparable to that of the other growth
10 - factors analyzed to date. A linear relationship
was observed in the concentration rahge'o.l - 1.0
nM with maximal stimulation of 600 fold observed
at 1.0 nM. The novel factor consistently induced
a higher level of maximal thymidine incorporation

15 than EGF, aFGF, or bFGF in the BALB/MK
keratinocytes (Fig. I-4).

The-distincfive target cell specificity
of this factor was demonstrated by comparing its
activities on a variety of cell types with those

20 . of other.grawth factors known to possess
' epi;helial cell mitogenic activity. As shown in

Table I-2, the newly isolated factor exhibited a
strong mitogenic effect on BALB/MK but also
induced demonstrable incorporation of thymidine

25 into DNA of the other epithelial cells tested.

in striking contrast,. the factor had no

detectable mitogenic effects on mouse (or human,



bl eed were screened by ELISA as well as other 20
Western bl ot anal ysis and

m t ogenesi s bi oassay. el |
wer e i solated by affinity chromatography using i Di, |-z €ld
protein G Pol ycl onal antibodies were fa B8 W‘i@z !
rabbits against'both naturally secreted KG- from hupan _fi

and reconbi nant KG- produced in

the foll ow ng

10
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tec h%@%ﬁf?\ﬁﬂ@" |

Es coli (see next section), using
prot ocol :

data not shown) fibroblasts or human saphenous
vein endothelial cells.
By comparison, none of the other known

growth factors appeared to preferentially

‘stimulate keratinocytes. TGFe and EGF showed

potent activity on fibroblasts, while the FGFs
vere mitogenic for endothelial cells as well as
fibroblasts (Table 1I-2). Because of its
specificity of epithelial cells and the
sensitivity of keratinocytes in particular, the
novel mitogen.was provisioﬁa;ly designated as
keratinocyté growth factor (KGF).

To establish that KGF not only would
stimulate DNA synﬁhesis but would also support
sustained cell growth, the ability of BALB/MK
cells to grow in a fully-defined, serum-free
medium supplemented with this growth factor was
assessed. As shown in Fig. I-5, KGF served as an
excellent substitute for EGF but not insulin (or
insulin-like growth factor I) in this chenically
defined medium. Thus, KGF appears to act through
the major signalling pathway shared by EGF, aFGF
and bFGF for proliferation of BALB/HK cells.

e evea nigue N-t
Amino Acid Sequence of KGE. 'ré ‘further
characterize the growth factor, approximately 150
pmol of C.~purified material were subjected to

amino acid sequence analysis. A single sequence
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adm ni stered in the inguinal |ynph . nodes; [
subsequent boosts were nade 5 i ntramuscul arljy

of test bleeds included ELISA as well. as Western blot
m t ogenesi s

agai nst synthetic peptides, above.

)

10
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25

Initial injection and first boost were |REPLACEME

bi oassay, and |1gG was pﬂrsfied as for ant

i n
anaﬁyg & anz
di-@8- e

AT Sd EET |
g

was detected with unambiguous assignments made
for cycles 2-13, as follows: x-Aen-Asp-Het-Thr-
Pro-Glu-Gln-Met-Ala-Thr-Asn-vVal. High background
noise precluded an assignment for the first
'position which is, therefore, indicated by an X.
A computer search using the FASTP
program (I-24) revealed that the N-terminal amino
acid sequence of KGF showed no significant
homology to any protein in the National
Biomedical Research Foundation data bank, thus
supporting the novelty of this epithelial growth

factor.

RISCUSSION

The studies described in this
Experimental Section identi:ied a human growth
factor which has a unique specit*city for
epithelial cells. By emplo?ing ultfafiltration,
HSAC and RP-HPIC or TSK sieving chramatography
according to the present invention, a quantity
sufficient to permit detailed characterization of
the physical and biploqica;,ggoperties of this
molecule was isolated. - -

A single éilve£estaiheé.hend
corresponding to a molecular weight of about
28,000 daltons was detected in the active

fractions from RP-HPLC, and the intensity of the
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58 RESULTS | slol At on- Mﬁg
cl ones encodi ng the novel growth factor. To search {for 6 DNA cl ones
corresponding to the KGF codi ng sequence, two 3 MAR 1997
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band was proportional to the level of .itogenic

activity in these fractions. A band
indistinguishable from that obtained by RP-HPLC

was seen in the active fractions from TSK

" chromatography. The purified protein stimulated

DNA synthesis in epithelial cells at sub-
nanomolar concentrations, but failed to induce
any thymidine incorporation in fibroblasts or
endothelial cells at comparable or higher
concentrations (up to 5 nM). This distinctive
taréet cell specificity combined with the single
novel N-terminal amino acid sequence determined
from the purified molecule lead to the conclusion
that.KGF represents a new growth factor.

In a chemically defined medium the
purified factor was able to éomplenent the
insulin-like growth factor I/insulin growth

' requirement of BALB/MK cells and therefore must

act through a signal transduction pathway shared
with EGF, TGFea and.the FGFs. Moreover, the new
factor was more potent than any of the known
epithelial cell nmitogens in stimulating thymidine
incorporation in BALB/MK cells. Preliminary
evidence indicate§ that this factor is also
capable of supporting proliferation of secondary
cultures of human keratinocytes (data not shown).
Handling and storage of KGF were

problematical during its purification. Besides



5 pool s of oligonucleotides with | engths of 26 - basREPWVEGTGAENT SHEET
gener ated based upon a nine-amno acid sequence,

Asn- Asp- Met - Thr-Pro-d u-d n-Ket- Al a, as dmewhmdbyﬁﬁmﬁﬁﬁg@Mg
of purified KG- (see Experinmental Section I, above ahdir ﬁ% 1G
I1-3). One oligonucleotide pool contained a m xture} of_all 256 :
possi bl e codi ng sequences for t he H®e anino acids, phile the other
cont ai ned i nosi ne residues at the degenerate third pé&sttion of

the codons for Thitgngnﬁégent lability to acid and hear, it was
unstable to lyophilization or dialysis. After
HSAC, complete loss of activity occurred within
24 hr despite the use of carrier proteins,

5 heparin, protease inhibitors, siliconized tubes
or storage at either 4° or -20°C. Only
concentrating the sample at this stage could
preserve its activity.

_ Furthermore, in order to transfer the
10 dried, purified factor it was necessiry to
utilize either strong acid or detergént,
consistent with an adsorptive tendency or
insolubility. Thus, for preservation of
activity, the pﬁrified factor was maintained in
15 solution at high concehtrations at =70°C where it
remained stable for several months.

The ability of KGF to bind heparin may
signify a fundamental ﬁroperty of this factor
that has a bearing on its function invive. Growth

20 factors with heparin-binding properties include

. aFGF (I~20--I-22) bFGF (I-19, I~22) '

granulocyte/nacrophagé colony stimulating factor
and interleukin 3. (I-25) Each of these is
produced by stromal cells (I-25--I-27). Such

25 factors appear to be deposited in the
extracellular matrix, or on proteoglycans coating
the stromal cell surface (I-25, I-28). It has

been postulated that their storage, release and
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This latter design reduced the nunber of ' “"pUSS% bte—
codi ng sequences in the pool to 16. Inosine in a tRWA'an n
f orm hydr ogen bonds with A, Cor U (I11-4), and oligonu |Q§t%ﬁ§£F%?
t hat contai n deoxyi nosi ne have been shown to 20 hybri di z
wi th the correspondi ng cDNA (rr-

15

1L

CDNA I|brary

)
was constructed in a cDNA cl oni ng gector, pCEVO (I1
pol yadenyl at ed RNA extracted fromthe hunman

contact with specific target cells are regulated

N .
-ous™MY

by this interaction (I-25, I-28). While
mesenchymal-derived effectors of epithelial cell
proliferation have also been described (I-29~-I-

5 '31), their identities have not been elucidated.
Its heparin-binding properties, release by human
embryonic fibroblast stromal cells, and
epithelial cell tropism provide KGF with all of
the properties expected of such a paracrine

10 ~mediator of normal epithelial céll growth.

The partial amino acid sequence
deternmined for this new growth factor has enabled
molecular cloning of its coding sequenée and
determination of its structural relationspip to

15 known families of growth factors, as described in
Experimental Section II, below.
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EXPERIMENTAL SECTION II

CDNA SEQUENCE OF
A NOVEL EPITHELIAL CELL SPECIFIC GROWTH FACTOR
DEFINES A NEW MEMBER OF THE FGF FAMILY

Work in the previous Experimental
Section I identified and purified a novel
heparin-binding growth factor, designated
keratinocyte growth factor (KGF), which is
particularly active on keratinocytes and appears
to be specific for epithelial cells. This second
Experimental Section describes the isolation and
characterization of cDNA clones encoding KGF,
using synthetic oligonucleotides, based upon the
experimentally determined NH,-terminal amino acid
sequence, as hybridization probes. Nucleotide
sequence analyéis jdentified a 582-bp open
reading frame which would code for a 194-amino
acid polypeptide that is between 41% and 33%
identical to the heparin-binding acidic and basic
fibroblast growth factors (FGFs), and the rélated
products of the hst and int-2 oncogenes. The KGF
gene RNA transcript is expressed in normal
fibroblasts of “both embryonic and adult origin,
but not in epithelial, endothelial or glial
cells. Thus, KGF appears to be normally
expressed by the mesenchyme, indicating.a role in
the regulation of epithelial cell proliferation.
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MATERIALS AND METHODS

Isolation of CONA clopes. The

purification and N-terminal sequencing of KGF has

. been previously described (see Experimental

Section I, above and II-3). Pools (50 pmole) of
deoxyoligonucleotides described under Results
were 5' end-labelled using 83 pmole of r-2p-ATP
(3000 Ci/mmole, Amersham) and 10 units of T4
polynucleotide kinase.. The recombinant phage
carrying cDNA clones were replica plated onto
nitrocellulose fiiters and hybridized with
sszlabelled deoxyoligonucleotides in 20%
formamide, 10% éextran sulphate, 10 mM Tris-HCl
(pH 7.5), 8 x 88C, S5x Denhardt's and 50 ug/ml
denatured salmwon sperm DNA, overnight at 42‘&.
Filters were washed in 0.5 x SSC, 0.1% SDS at
50°C and exposed to Kodak X-omat AR film.

DNA_sequencing. The nuclectide sequence
of the KGF cDNA was determined by the dideoxy.
chain termination method (II-26), of overlapping
restriction fragments, subcloned into pUC vectors
(II-27)

Construction of a bacterial expressjon

cto . KGF cDNA encoding the

mature, secreted form of the polypeptide was

placed under control of the pybrid £rk promoter
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sequences, where unanbi guous assi gnnents

could be nade. 20
To search for honol ogy between KG- and

in the plasmid expression vector pKK23;-2 (II-
31), as follows. To accomplish this, a specific
length of KGF cDNA that contained the information
to code for the mature KGF molecule (i.e.,

§  without its signal peptide) was amplified using
the polymerase chain reaction (PCR) technique
(II-32). The fragment was directionally inserted
between two sites in the vector, namely the Ncol
site, iade blunt ended by S1 nuclease digestion,

10 and the HindIIX site, using standard recombinant

- DNA methodology. The ehds of the KGF cDNA
produced by the PCR method were as ‘follows: the
5' end was blunt gnd began with an ATG codon,
followed by the codon TGC for cys residue, number

15 33, which is the amino terminal residue o.t the
mature form of KGF (see Fig. II-l), and then the
entire KGF éod.ing sequence. The stop codon, TAA,
and the four bases immediately following, TTGC,
were also included on the 3' end of the cDNA.

20 The primer used in the PCR method to direct DNA
synthesis to ‘the desired position on the 3' end
of the cDNA'included a HindII1 site for insertion
of the amplified 'cDNA into the vector DNA.

Production of antibodies against KGF and

25 W Monoclonal antibodies were

raised in mice against intact, purified protein

from human fibroblasts using 5 or more
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Research Foundati on data base usi ng the FASTP programjoff Lipman and
Pear son was conducted (11-9). By this approach, a strikin@:?SMA?i _
degree of rel atedness between the predicted primary sﬁr cture o %EL
and those of acidic and 56 6t

subcu.aneous injections. Test bleed. were
screened with a solid-phase (ELISA) assay using
highly purified KGF from human epithelial cells
as antigen. Hybridomas were prepared by routine

5 methods and supernatents were screened with the
ELISA assay to detect KGF-reactive antibodies.
Positive clones were serially subcloned by the
usual methods, and selected subclones were grown
as ascites tumors in mice for production of large

10 amounts of antibodies. Antibodies were purified
from ascites fluids employing standard techniques
(e.g., hydroxyapatite or immuncaffinity fesins).

Polyclonal antibodies against a

synthetic peptide were raised in rabbits by

15 standa:d-methods. as follows. The peptides Wefe

 made by solid phase technology and coupled to

thyroglobulin by reaction with glutaraldehyde.
Serial subcutaneous injections were made and test
bleed were screened by ELISA as well as other

20 techniques, including Western blot analysis and

| mitogenesis bipassay. IgG immunoglobulins were
isclated by gftinity chromatography using
immobilized protein G.

| Polyclonal antibodies were raised in

25 rabbits againsf both naturaily secreted KGF from

human fibroblasts and recombinant XKGF produced in

E.coli (see next section), using the following

protocol:




basic FG-, as well as the related hst at.. I nt - 2-encoded proteins was
reveal ed. Expression of nmRNA transcripts of the KGF
gene in human cells. In prelimnary attenpts 5 to exam ne expression of
KGF nRNA in human cel | s, a probe spanning the nmajority of the KGF
codi ng sequence (Probe A, Figure Il1-1A) detected a single 2.4
kb transcript by Northern bl ot anal ysis of total M426 RNA (Figure
11-1C). This 10 was considerably shorte® ZThan the | ength of the

i) Initial injection and first L_ost were
administered in the inguinal lymph
nodes:;

ii) subsequent boosts were made

5 intramuscularly.
Screening of test bleeds included ELISA as well
as Western blot analysis and mitogenesis
bioassay, and IgG was purified as for antibodies
against synthetic peptides, above.

REPLACEMENT SHELT:
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novel growth factor. To search for cDNA clones

corresponding to the KGF coding seqﬁence, two

pools of oligonucleotides with lengths of 26
bases were generated based upoﬁ a nine-amino acid
sequence, Asn-Asp-Met-Thr-Pro-Glu-Gln-Met~Ala, as
determined by microsequencing of purified XKGF
(see Experimental Section I, above and reference
II-3). One oligonuclecotide pool contained a
mixture of all 256 possible coding sequences for
the nine amino acids, while the other contained
inosine residues at the degenerate third position
of the codons for Thr and Preo.

This lattér design reduced the number of
possible coding sequences in the pool to 16.
Inosine in a tRNA anticodon can form hydrogen
bonds with A, C or U (II-4), and oligonucleotides
that contain deoxyinosine have been shown to
hybridize efficiently with the corresponding cDNA
(II-S).

A CcDNA library was constructed in a cDNA
cloning vector, PpCEV9 (II-6) using
polyadenylated RNA extracted from the human
ermbryonic lung fibroblast cell line M426 (II-7),
the initial source of the growth factor.
Screening of the library (9 x 10° plaques) with -
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‘the 3p-labelled 26-mer oligonucleotides

identified 88 plaques which hybridized to both
pools of oligonucleotide probes.

Characterjzation and sequencing of

te c . Of 10 plaque-purified

clones that were analyzed, one, designated clone
49, had a cDNA insert of 3.5 kb, while the rest
had inserts ranging from 1.8 kb to 2.1 kb.
Analysis of the smaller clones revealed
several common restriction sites. Sequencing of °
a representative smaller clone, designated clone
32, along with clone 49, demonstrated that they
ﬁere overlapping cDNAs (?ig II-1A). Whereas
clone 49 wvas prin{ed from the poly(a) tail of the

message, clone 32 arose during the construction

‘'of the library by hybridization of the oligo (4T)

primer to an A-rich sequence in the 3' noncoding
region of the KGF nRNA._

e (=] e ence_enc the
KGF _polvpeptide. Alignment of the two cDNAs
(clones 32 and 49) established .a continuous
sequence of 3.85 kb containing the complete KGF
coding sequence (Fig. II-1B). An ATG likely to
be an initiation codon was located at nucleotide
position 446, establishing a 582-base pair open
reading frame that ended at a TAA termination’

codon at position 1030. This open reading framé
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would encode a 194-amino acid polypept.de with a
calculated molecular weight of 22,512 daltons.

The sequence flanking the ATG codon did
not conform to the proposed GCC(G/A)CCATGG

‘consensus for optimal initiation by eukaryotic

ribosomes (II-8), however, there was an A three
nucleotides upstream of the ATG codon. An A at
this position is the most highly conserved
nucleotide in the consensus. This ATG codon was
preceded 85 nucleotides upstream by a TGA stop
codon in the same reading frame.

A l1l9-amino acid sequence that was
homologous to the experimentally determined
NH,-terminus of pﬁrified KGF began 32 amino acids
downstream of the proposed initiation coden.
There was complete agreement befwéen the
predicted and experimentally determined amino
acid sequences, where unambiguous assignments
could be made.

To search for honology between KGF and
any known pfotein, a computer search of the
National Biomedical Research Foundation data base
using the FASTP program of Lipman and Pearson was
conducted (II-9). By this approach, a striking
degree of relatedness between the predicted °

primary structure of KGF and those of acidic and
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For conparison, the nRNAs of ot her

a nor mal

growt h factors wi tfh {Known
activity on epithelial 15 cells were also analyzed in the squ Pwﬁsﬁﬁz
as | i sted above. Anpbng the epithelial and stromal
anal yzed, there was no consi stent attern of expressijon

bFGF transcripts (Fig. 11-3). The EGF‘transcript was |not

basic FuF, as well as the related Ast ar. .
int-2=~encoded prateins was revealed.
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KEGF_gene in human cells. In preliminary attempts
5 to examine expression of KGF mRNA in human cells,
a-probe spanning the majority of the KGF coding
sequence (Probe A, Figure II-1A) detected a
single 2.4 kb transcript by Northern blot
analysis of total M426 RNA (Figure II-1C). This
10 was considerably shorter than the length of the
composite cDNA sequence, 3.85 kb.
However, 6n screening poly(A)-selected
‘M426 RNA, an additional transcript of
approximately 5 kb.was detected. Furtherpore, a
15 pfobe derived from the untranslated region of
' clone 49, 3' to the end of clone 32 (Probe B,
Figure IX-1A), hybridized only to the larger
message (Figure II-1C). Thus, it appears that
the KGF gene is transcribed as to alternate RNAs.
20 Two other members of the FGF gene family, bLFGF
(II-29) and int-2 (II-30), also express multiple
RNAs, the significance of which remains to be
determined.
To investigate the normal functional
25 role of kGF, the expression of its transcript in
a variety of human cell lines and tissues was

examined. As shown in Figure II-3, the
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predominant 2.4 kb KGF transcript was detected in
each of several stromal fibroblast lines derived
from epithelial tissues of embryonic, neonatal

and adult sources, but not from epithelial cell

"lines of normal origin. The transcript was also

detected in RNA extracted from normal adult
kidneys and organs of the gastrointestinal tract,
but not from lung or brain. The striking
specificity of KGF RNA expression in stromal
cells from epithelial tissues indicated that this
factor plays a normal role in mesenchymal
stimulation of epithelial cell growth.

For comparison, the mRNAs of other
grdwth factors with known activity on epithelial
cells were also analyzed in the same tissues as
listed above. Among the epithelial and stromal -
cell lines anaiyzed, there was no consistent
pattern of expression of aFGF or. bFGF transcripts
(Fig. II-3). The EGF transcript was not
expressed an any of the same cell lines, and was

-only observed in kidney, among the various

" tissues. Finally, the TGFa message was not

detected in any of the stromal fibroblast lines
and was expressed at varying levels in each of
the epithelial cell lines. It was also detectéd
at low levels in kidney among the tissues
examined (Fig. II-3).
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Inhibition of KGF mitogenic _ctivity by

heparin. Hepafin has been shown to substantially
increase the mitogenic activity of aFGF for a
variety of target cells in culture, and to
-stabilize it from heat inactivation (Ii-21, II-
22). Despite binding tightly to bFGF, heparin
had min;mal effects on its mitogenic activity
(II-22). 1In view of the relatedness of KGF to
the FGFs, the effect of heparin on KGF mitogenic
activity was examined. As shown in Table II-1,
thymidine incorporation by BALB/MK .cells in
response to KGF was inhibited 16 fold when
heparin was included in the culture medium. 1In
contrast, the activities of both aFGF and bFGF
were increased by the same treatment.
-Production of anti-KGF antibodies.

Several kinds of antibodies which recognize KGF
or KGF-like polypeptides have been prepared using
standard methodologies well known in the art of
experimenﬁal immunology and summarized in the
uethods'seqtion, above. These include: .
monoclonal antibodies raised in mice against
intact, purified protein from human fibroblasts:
polyclonal antibodies raised in rabbits against
synthetic peptides with seqﬁences based on amino
acid sequences predicted from the KGF cDNA
sequence; polyclonal antibodies raised in

rabbits against both naturally secreted KGF from



(11-22). In view of the rel atedness of KGF to t he FGFs,
heparin on KG- mtogenic 10

-1,

medium I n

I ncreased by the sane treatnent.

anti bodi es.

10

1S5

20

25

t hym di ne i ncorporation by BALB/ MK cells in
KGF was inhibited 16 fol d when

the effect of
activity was exam ned. As shown in Table

response to
heparin was included in the culture
contrast, the activities of both aFG- and bFG 15 wer e

Producti on of anti-KGF
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E.coli (see next section).

Monoclonal antibodies from three
different hybridomas have been purified. Aall
three recognize the recombinant as well as the _
naturally occurring KGF in a solid-phase (ELISA)
assay. None cross-reacts with KGF under
denaturing conditions (1n a Western blot), and
none neutralizes mitogenic activity of KGF in the
BALB/MK bioassay. .

Polyclonal antibodies were generated
with a synthetic peptide with the amino acid
sequence NDMTPEQMATNVR, corresponding to residues
numbered 32 through 44 in KGF (see Fig. 1I-1),
plus an R (arg) residue instead of the actual asp
residue encoded by the cpnhlat position 45. The
asp residue is probably glycosylated in the
natural KGF polypeptide and, theregqre, appeared
to be an arg in the amino acid sequencing data
obtained directly from that polypeptide (see
Discussion, below). Polyclonal antibodies
generated with this synthetic peptide recognize
both naturally occurring and recombinant KGF in
ELISA and Western blot analyses at a level of
sensitivity of at least as low as 10 ng protein.
These antibodies, however, do not neutralize

mitogenic activity of KGF in the BALB/MK

biocassay.
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natural KGF protein recognizes KGF in both ELISA
and Western blot assays. Such antibodies also

appear to inhibit mitogenic activity of KGF in

‘the BALB/MK bioassay.

Expressjon of KGF cDNA in F. coli. KGF
cDNA was expressed to produce polypeétide in E. coli
by placing its coding sequence under control of
the hybrid trk promoter (comprising elementé of
trp and lac proﬁoters), in the plasmid pKK233-2
(II-31). To accomplish this, a specific length
of KGF cDNA that contained the information to
code for the mature KGF‘ﬁolecule (i.e., without
its signal peptide) was amplified using the
polymerase chain reaction technique (II-32). The
fragment was directionally inserted between two
sites in the vector, namely the Ncol site, made
blunt ended by Sl nuclease digestion, and the
HindIII site, using standard recombinant DNA
methodology. Selected recombinants were
sequenced at their cDNA §' ends to ensure correct
alignment of the ATG initiation codon with the
regulatory elements of the trk promoter.

Several recombinants were tested for
protein production by the usual small scale
methods. 1In bfief, the clones were grown to mid- -

exponential phase (0D, ~0.5), treated with 1 mM
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isopro, (1 g-D-thiogalactopyranoside (I 'G) for 90
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minutes, and cell extracts were run on SDS-
polyacrylamide.gels for Western blot analysis.
All recombinants tested synthesized a protein
S -that was recognized by antibodies raised against
an amino-terminal KGF peptide. One recombinant
was selected which showed the greatest induction
from IPTG, for furtherlprotein analyses.
One liter of bacteria was grown up in
10 NZY broth containing 50 gg/ml ampicillin and 12.5
pg/ml tetracycline, to ODg 0.5, and treated for
90 min. with IPTG. The cells wére collected by
centrifugation, resuspen&ed in 50 mM sodium
phosphate (Ph 7.3), 0;2 M NaCl, and lyéed by
15 sonication. Cell debris was removed by
centrifugation, and lysate applied directly to a
heparin-Sepharose affinity column.
As determined by Western blot analysis
and mitogenic activity in keratinocytes,
20 recombinant KGF was eluted in 0.5-0.6 M NacCl.
~ Subsequent purification of-the HSAC material with
a Mono-S (FPIC) column (Pharmacia) yielded a
preparation of KGF estimated to be 290% pure, as
judged by electrophoretic analysis using SDS~
25 polyacrylamide gels and silver-staining.
Recombinant KGF efficiently stimulafed
thymidine incorporation into BALB/MK keratinocyte

cells, but was only marginally active on NIH/3T3



naturally occurring KG in a solid-phase (ELI SA) assay. None

cross-reacts wth KG- under denaturing conditions (in a Wstern
blot), and - none neutralizes mtogenic activity of KG in the 10
BALB/ MK bi oassay. Pol ycl onal anti bodi es were generated
with a synthetic peptide with the am no aigg sequence NDMIPEQVATNVR
correspondi ng to residues nunber ed through 44 in KG- (see Fig.
l1-1), 15 plus an R (arg) residue instead of the actual asp

fibrouwiasts. Half-maximal stimulatic . of the
BALB/MK cells in the standard keratinocyte
biocassay was achieved with a concentration of
betﬁeen 2 to 5 ng/ml, compared to a concentration
S "of 10 to 15 ng/ml for KGF purified from M426
cells. One liter of bacterial cells yielded
approximately 50 ug of Mono-S purified
recombinant KGF.
Constructio ac era conta G.
10 and aFGF sequences. The studies above indicated
that KGF possessed two distinctive
characteristics which might be encoded by
distinct portions or domains of the polypeptide
sequence, as is well known to occur in coding
s sequences of other multifunctional palypébtides.
- To test this possibility, a chimeric DNA segment
_encoding the NH,-terminal sequence of KGF grafted
onte the c-terminal'core of aFGF was constructed,
as follows. A Sau3dAl restriction enzyme site
20 (GATC) in the 5' end of the KGF cDNA, within
codons for residues 78 and 79 (arg and ile,
respectively:; see Fig. II-1) was cut and joined
to an homologous site in the aFGF cDNA within
codons for am;no acids 39 (arg) and 40. The 3°
25 and 5' ends of this chimeric DNA were joined to
the vector DNA of the plasmid pKK233-2 by the

same method used for insertion of the XGF cDNA
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resi due encoded by the cDNA at position 45. The {ibicd SHE
probably gl ycosylated in the nat ural XGF pol ypepti , therefor

ejand
appear ed to be an arg in the anino acid sequenci ng d%t832MAR 1997
obtained directly fromthat polypeptide (see . on, bel ow) .

Pol ycl onal anti bodi es generated with this synthetift peptide
recogni ze both natural Iy occurri 8and reconbi nant 0.
ELI SA and Western bl ot analyses at a | evel of 25 sensitivity of at

|l east as | ow as lhdNiPitlid - secreted form of polypep .de (see

Methods, above).

When recombinant E.coli cells were
constructed using the vector carrying the
5 ‘chimera, and expressions tests were conducted as
described for mature KGF, above, a novel product
with properties of both RGF and aFGF was
produced. The peptide was enriched by heparin-
Sepharose chromatography and found to have a
10 target cell preference for keratinocytes, like
KGF, with minimal activity on fibroblasts
(NIH/3T3). The mitogenic activity of this
chimeric polypeptidé lacks, however,
susceptibility td inhibition by heparin, a
1s characteristic which parallels that of aFGF
rather than RGF. In fact, the mitogenic activity
on keratinocytes is actuaily-enhanced by heparin,
as is the case for aFGF. Thus the peptide.
domains responsible for cell target specificity
20 and hgpatin sensitivity are clearly aistinct and
- readily separable in KGF, according to the |

practice of the present invention.

DISCUSSION

The experiments described in this
25 section illustrate the practice of several
principal embodiments of the present invention.

These include isolation of cDNAs encoding KGF,



s TN '
These anti bodi es, however, do not neutralize it ogenEc At vEL WIBE
KGF in the BALB/ MK bi oassay. Pol ycl onal ‘
antisera against [err]tact natural KGF protein recodnijzed SK@AR 18980t h
ELI SA and Western bl ot assays. Such anti bodies al so

69

express.on of such cDNAs in recombinan. cells,

production of various antibodies reactive with
KGF, and construction and expression of a
chimeric cDNA encoding a novel growth factor with

5 amino acid sequences and related functionalities
of both KGF and aFGF. The following points
related to these embodiments may alsoc be noted to
enhance the understanding of tﬂe present
invention.

10 The sequence predicted from the KGF cDNA
agreed with the amino acid sequence determined
from the purified KGF form secreted by human
fibroblasts. Moreover, fhe sequence offered
potential explanations for positions where

15 definitive amino acid assignments could not be
made by direct amino acid sequencing. Residues
32 and 46 are predicted from the cDNA sequence to
be cysteines, and hydrolyzed derivatives of
unnodified cysteine residues are not detectable

20 following Edman dgg;aﬁ;tiona The predicted KGF

' amino acid sequehcé;aisbfééntained 6ne potential
N=-linked glycosylation site (Asn-X-Ser/Thr) from
residues 45 through 47. 1If Asn 45 were
glycosylated, it would not be deﬁected by the

25 amino acid sequencing methods employed here. 1In
fact, KGF migrates as a broad band on

NaDodsSO,/PAGE at a higher molecular weight than



appear to inhibit mtogenic activity of KG-in 5
Expression of KG- cDNA in E. coli. KG-
pol ypeptide in E. col

of
pronot ers),

specific length
code for the mature

10

15

20

25

the hybrid trk promoter (conprising elements of 10-

t he BALB/ MK bi oassay.
cDNA was expressed to produce
by placing its coding sequence under control

trp and | ac

in the plasm d pKK233-2 Zq (I'1-31). To acconplish this, a

of KGF cDNA t contained the information to

pred EFegbkggL%h pﬁfﬁtigﬁtgggéein. is may be
accounted for by glycosylation. -

The FGFs are heparin-binding mitogens
with broad target cell specificities (II-10).

"The kst gene was identified as a transforming gene

from a human stomach tumor (II-11), adjacent
normal stomach tissue (II-12), and from Kaposi's
sarcoma (II-13), by standard NIH/3T3 transfection

assays. The product of the im-2 gene is expressed

'hormally during mouse'embryogenesis (II-14) and

aberrantly after proviral integration of mouse
mammary tumor virus'gII-IS).

| KGF is the sixth member of the
fibroblast growth factor family to be identified
(II-28). W¥hile the name FGF-6 does not seem
suitable because KGF is devoid of activity on
fibroblasts, this nomenclature may also be used
for this growth factor, to denote its structural
relationship to the FGF family. Aas all

" previously characterized growth factors either

'fexclude epithelial cells as targets or include

then among a number of sensitive target cells,
the highly specific nature of KGF mitogenic
activity for epithelial cells, and the

sensitivity of keratinocytes in particular, make
it unique.
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Its signal peptide) was anplified using the 15 pol ynmerase chain
reaction technique (11-32) The fragnment was directionally inserted
bet ween two sites in the vector, nanely the Ncol site, nade

bl unt ended by S1 nucl ease digestion, and the Hndlll site, using
standard reconbi nant DNA 20 met hodol ogy. Sel ected reconbi nants were
sequenced at their cDNA 5[err] ends to ensure correct al i gnnent of

the ATG initiation codon with the Jelul atory el ements of the trk
pr onot er .

In studies to date, exp;ession of the

KGF transcript'appeirs to be specific for stromal
cells degived from epithelial tissues, suggesting
its function in normal epithglial cell

5 proliferation. The availability of the KGF cDNA
clone will make it possible to determine whether
abnormal expression of this growth factor can be
implicated in clinical conditions characterized
by epithelial cell dysplasia and/or neoplasia.

lo Moreover, the ability to produce large quantities
of this novel growth factor by recombinant
techniques should allow testing of its clinical
applicability in situations where specific growth
of épithelial cells is of particular importance.

1s Alignment of the KGF sequence with the
five other proteins of the FGF family_revealed
two major. regions of hoﬁology, spanning amino
acids 65-156 and 162-189 in the predicted KGF
sequence, which were separated by a short,

20 nonhomologous series of amino acids with_varying
lengths in different members of the family (?ig.
II-2). In the case of im-2, the length of this
sequence was 17 residues, while in ist, the two
homologous regions were contiguous. . In KGF the

25 intervening sequence consisted of five amino

acids.

-
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Several reconbinants were tested for 25 protein production by the usual

smal | scale nmet hods. In brief, the clones were grown to m d-
exponenti al phase (ODerr] -0.5), treated with 1 nmM I sopr o,
1 [err]-D-thiogal actopyranoside ([err] G for 90

72

In the aligned regions, the iF anirno
acid sequence was about 44% identical to im-2
(mouse), 39% identical to bFGF (human), 37%
identical to aFGF (human) and 33% identical to
5 st (human). In this same region, all six
proteins were identical at 19% of the residues,
and allowing for conservative substitutions, they
showed 28% homology.
As shown in Fig. II-2,. the amino termini
10 of these related proteins are nonhomologous and’
of variable length. The primary KGF and hs
translation products contain hydrophobic
N-terminal regions which likely serve as signal
sequences (II-16). The fa&t that this N-terminal
15 domain is not present in the mature KGF molecule
' (Fig. II-1B) further supports this conclusion.
In contrast, the FGFs are synthesized apparently
without signal peptides (II-10).. The int-2 protein
contains an atypicaily short region of N-terminal
20 hydrophobic residues (II-17), but it is not known
if the protein is secreted. uoreéver, the int-2
protein contains a long C- terminal extension
compared to the other family members. -
Purified KGF contains tiye cysteine -
25 residues, two of which are conserved throughout
| the family of FGF related proteins (Fig. II-2).

Also of note are the five pairs of basic residues

| 03 MAR 1997




m nutes, and cell extracts were run on SDS- poIyacriﬂéhﬁ&éw@ﬁﬂsSﬁqf‘ﬁ
Western bl ot anal ysi s. Al'l reconbinants tested syntheﬁlzwa'a protet n;
5 -that was recogni zed by anti bodi es rai sed agai nst BWMAQ 19 % |
am no-term nal KGF peptide. One reconbi nant was selled¢ted % OAE
t he greatest induction fromI PTG for further protei ranatyses-

One liter of bacteria was grown up in 1073 NZY broth c¢ntai ning 50 pg/m

anpicillin and 12.5 [err]/m tetracycline, to O)err| -0.5, amnd

treated for

10

15

20

25

througnout the KGF sequence. This same pattern
has been observed in other FGF family members and
may be involved in their interaction with heparin
(II-18). Dibasic sites are also common targets
for proteolytic processing and such processing

might account for the microheterogeneity observed

" in some XGF preparations (unpublished data).

The KGF cDNA sequence was AT rich
throughout its length, but particularly so in the
3' untranslated region where the AT content was
70% as compared to 60% in the putative coding
sequence and 63% in the 5' untranslated region.
The 3' untranslated region contained a large
number of ATTTA sequences, which have been
proposed to be involved in the selected.‘
degradation of transiently expressed, unstable
RNAs (II-19). There was no classical AATAAA
polyadenylation signal but two variant sequences,
AATTAA and AATACA (II-20), were detected 24 and
19 nucleotides,;respectively; upstream of the
poly(A) sequehée at the 3' end of the cDNA.

‘It has been suggested that the heparin
effect on acidic’ FGF is either due to
stabilization of the active conformation of the
groﬁth factor or to formation of a tertiary
complex with acidic FGF and its receptor (II-21,
II-22). If so, heparin may stabilize a

conformation of KGF that is not as active as the



90 min. with IPTG The cells were collected by centr 5EE&&G%WE@T'Sﬁi:T

resuspended in 50 nM sodi um

| ysed by 15

centrifugation,
affinity col um.

and mtogenic activity in keratinocytes, 20
in 0.5-0.6 M Nad .

10

8

20

25

phosphate (Ph 7.3), 0.2 and
sonication. Cell debris was renoved by 3
and |lysate applied directly to a hepsar ﬂae m%% 1987
As detPdr ned by Western b ot—amatysts

reconbi nantj KGF was el ut ed

Subsequent purification of the HSAC materral wWth
free molecule, or form a tight complex that is

unable to efficiently interact with its receptor.

While its ability to bind heparin

‘"reflects the structural similarities of KGF with

the FGF's, the differences in target cell
specificities between these related mitogens is
renarkable. The FGF's induce division of most
nonterminally differentiated cells of both
embryonic mesodermal and neurocectodermal origin.
In addition to fibroblasts and vascular
endothelial tissues, mesodermally derived targets
in culture include myoblasts, chondrocytés and
osteoblasts (II-23). FGF's are also mitogenic
for glial astrocytes and neuroblasts (II-24).

The product of the oncogene isolated from

~ Kaposi's sarcoma, which is identical to &st, also

stimulates proliferation of NIH/3T3 and capillary
endothelial cells (II-25). To date, KGF induced
mitogenesis has only been observed in epithelial
cells, and the absence of any detectable activity
in fibroblasts or endothelia; cells has also been
demonstrated (see Experimental Section I, above
and II-3). It seems likely, therefore, that KGF
acts through a different cell surface receptor
than the FGFs.

There is no significant N-terminal -
homology between KGF and other FGF-related

proteins. Thus, the construction of chimeric



a Mono-S (FPLC) columm (Pharmacia) yielded a pr epar aryy-plhotses =}
estimated to be [err] 90% pure, as j udged by eIectropiﬁiiﬁtfﬁﬂmnkﬁﬂ55¥!
usi ng SDS- 25 - ;

pol yacryl am de gels and sil ver-staining.
Reconbi nant KGF efficiently stinulated t hym di ne i ntof pgraty bt O
BALB/ MK ker ati nocyte cells, but was only marginally a:t?égqﬂﬁgwggr
NI H 3T3
75

molecules between KGF and a prototype .GF was
undertaken to determine whether the KGF
N-terminal domain is sufficient to account for
its unique target cell specificity. The results
5 ‘'on the first such recombinant polypeptide
sequence indicate that the N-terminal domain of
KGF essentially encodes the cell preference for
keratinocytes, while the susceptibility of KGF to
heparin is encoded somewhere in the C-terminal
10 core region which was replaced by séquences of
' - aFGF. This novel KGF-like érowtﬁ factor.hay have
advantages in clinical applications where
administration of an epithelial-specific growth
factor is desirable in the presence of heparin, a
15 commonly used anticoagulant. Additional studies
on chimeras should also provide insights into
which specific domains in the C-terminal core
contribute the different effects of heparin on
their biologic activities. |
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with properties of both KG and aFGF was produced. The peptide was

enri ched by heparin- Sepharose chromat ography and found to have a 10
target cell preference for keratinocytes, like KGR, with m nimal

activity on fibroblasts (NITH 3T3). The mitogenic activity of this

chimeric pol ypeptide | acks, however, q susceptibility to inhibition by
"~ heparin, a 15 characteristic which %a allels that of aFGF r at her

than KG. In fact, the MggoYPurpcied et ompleting ti.
background description and present disclosure,
each of the puﬁlished articles, patents and
patent applications heretofore identified in this
5 .specification are hereby incorporated by
reference into the specification.

The foregoing invention has been
described in some detail for purposes of clarity
and understanding. It will also be obvious that

10 various combinations in form and detail can be

made without departing from the scope of the

invention.
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--as—is-the-case for

on keratinocytes is actually enhanced by heparin,
domai ns responsi ble for cell target

aFG-. -Thus the peptide

specificity 20 and heparin sensitivity are clearﬁFS Rendaced
readily separable in KG-, according to the resent
I nvention DISCUSSICN The
experinments described in this 25 81 section |IIustrate the practlce of
sever al

1. A substantially pure human keratinocyte growth

factor (KGF) protein or KGF-like protein specific for epithelial
cells having an apparent molecular weight of about 25 to 30 kDa as
determined by migration in NaDodSO./PAGE, and having a specific
activity of at least'iabout 3.4 x 10‘ units per milligram of pro-
tein, where one unit of activity is defineﬁ as that amount which
causes half of the maximal possible stimulation of DNA synthesis

in BALB/MK keratinocyte cells under standard assay conditions.

2. The protein according to claim 1, wherein said spe-

[
cific activity is at least about 3.2 x 10 units per milligram
protein.

3. The protein according to claim 1 having at least a

unique portion of the amino acid sequence in Figure II-1B.

4. The protein according to claim 3 which lacks the
signal peptide sequence indicated in Figure II-1B.
' S. The protein according to claim 1 which is not gly-
cosylated.

6. The protein according to claim 1, wherein said pro-
tein is a chimeric KGF~-like protein which comprises within a
single polypeptide molecule functiongl domains of human KGF and at
least one other polypeptide of the fibroblast growth factor
family.

7. The chimeric KGF-like protein according to clainm £,

wherein the fibroblast growth factor polypeptide is acidic fibro-
blast growth factor (aFGF}).
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princi pal enbodi nents of the present invention.

I sol ati on of cDNAs encodi ng KGF,

9 expressi on of such cDNAs in reconbi nan. cel |TisSheet Has on of
vari ous antibodies reactive with KGF, and constr reSS|on
of a chimeric cDNA encoding a novel growth facto

82

8. The chimeric KGF-like protein according to claim 7,

further comprising a functional domain from KGF that is defined by
amino gcid residues responsible for the preferential mitogenic
activity of KGF on epithelial cells and a functional domain from
aFGF that is defined by amin§ acid residues in that portion of

aFGF that is homologous to the KGF sequence responsible for
heparin sensitivity of KGF.

9. The chimeric KGF-like protein according to claim 8,

wherein said functional domain from XGF is defined by amino acid
residues numbered 39 through 78 in Figure II-1 and said functional
domain from aFGF is defined by about 140 arino acid residues com-
prising the carboxyl terminus of aFGF, beginning at reSidﬁe number
39.

10. A pharmaceutical composition for treatment of con-
ditions requiring specific stimulation of epithelial cells in the
presence of heparin, comprising a chimeric KGF-like protein
according to claim 8 or claim 9, and an acceptable pharmaceutical

carrier.

11. A polypeptide or peptide comprising at least six
amino acids and having a portion of the amino acid segquence in

Figure II-1B.

12. An antibody specific for a peptide having the aminc
acid sequence of human KGF or KGF-like proteih, according to

claim 3.

13. The antibody according to claim 12 which neutral-

izes the mitogenic activity of human KGF.




5 am no aci d sequences and related functionalities

S BOE T KGE--and— §
aFG-. The foll ow ng points

related to these ermbodi memfgy, so be

I
noted to enhance the understandi ng of the present o laced
10 The sequence predicted fromthe KG- cDNA U‘MM l
the am no acid sequence determ ned fromthe purified

secreted by human fi broblasts. Mypeover, the sequence offered
potential explanations for positions Whér e

14. The antibody according to claim 15 which is poly-

clonal.

15. A DNA segment encoding a human keiatinocyte growth
factor (KGF) protein or KGF-like protein having an apparent
molecular weight of about 25 to 30 kDa as determined by migration
in NaDodSO./PAGE, and having mitogenic activity that preferen-

tially stimulates cells of epithelial origin and most preferen-

tially stimulates keratinocytes.

16. The DNA segment, according to claim 15, wherein
said protein has at least a unique portion of the amino acid
sequence defined in Figure II-1.

17. The DNA segment according to claim 16 which lacks

the nucleotide sequence encoding the signal peptide sequence
indicated in Figure II-1B.

18. The DNA segment according to claim 16, wﬁerein said
segment has at least a portion of the nucleotide sequence defined
in Figure II-1B.

15. A DNA segment encoding a chimeric KGF-like protein
which comprises within a single polypeptide molecule functiocnal
domains of human XGF and at least one other polypeptide of the
fibroblast growth factor family. |

20. The DNA segment according to claim 19; wherein the
fibroblast growth factor polypeptide is acidic fibroblast growth
factor (aFGF). _

21. The DNA segment according to claim 20, further com-
prising a functional domain from KGF that is defined by amino acid

residues responsible for preferential mitogenic activity of KGF cn
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15  definitive amino acid assignnents coul d not be 7 Tade by -—di-rect

am no aci d sequenci ng. Resi dues 32 and 46 are preﬁ{ighge fromthe
cDNA sequence to be cysteines, and hydrol yzed deri 1 Replaced
unnodi fied cysteine residues are not detectable 20 folr E
degradation. The predicted KG- am no acid sequence d
one potenti al N-1inked gl ycosglfation site (Asn-X-Ser/Thr) from

resi dues 45 through 47. If Asn 45 were ~ glycosylated, it would not be

detect ed égﬁthgfial cells and & functional domain from aFGF that is defin
. ed
by amino acid residues in that portion of aFGF that is homologous
to the KGF sequence responsible for heparin sensitivity of KGF.

22. The DNA segment according to claim 20, wherein said
functional domain from KGF is defined by amino acid residues num-
bered 39 through 78 in Figure II-1 and said functional domain from
aFGF is defined by about 140 amino acid residues comprising the
carboxyl terminus of aFGF, beginning at residue number 39.

23. A DNA segment encoding a'polypeptide or peptide
comprising at least six amino acids and-having a portion of'the
amino acid sequence in Figure II-1B.

24. A recombinant DNA molecule comprising a DNA segment
aécording to claim 6 or claim 8 or claim 9 and a vectof.

25.' A recombinant DNA molecule according to claim 9,
wherein said vector is a bacteriophage lambda cloning véctor, a
DNA sequencing plasmid vector, a bacterial gene expression vector,
or a mammalian gene expression vector.

26. A.culturé of cells transformed with said recombi-
nant DNA molecule according to claim 9. . o

27. A culture of cells’according to claim 26, wherein
said culture is composed of mammalian cells, insect cells, yeast

cells, or bacterial celié:

28. A biocassay for KGF-like activity in a test sample
which comprises the following steps: '
i) growiné keratinocytes in culture to confluence and

maintaining said confluent culture in serum-free

medium;

DEPLACEMENT SHEET|
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25 am no aci d sequenci ng nmet hods enpl oyed here. In fact, KGF

m grates as a broad band on NaDodSCYPAEE at a hi gher  nol ecul ar~
wei ght t han red| err for the
e ; ; eplaced
purified protein. is may be account ed for by g
- o5 | I

ii) adding a test sample to said confluent culture of

keratinocjtes;

iii) determining the stimulation of DNA synthesis in

said keratinocytes.

29. A method of producing KGF from cultured cells com-
prising the following steps:
i) culturing KGF-producing cells in culture medium
uhder-conditions such that KGF is produced;

ii) concentrating said culture medium so that a first
concentrate is formed:

iiiy contactihg said concentrate ﬁith heparin under con-

diticns such that KGF present in said fxrst concen-
trate binds to the heparin whereby a heparin-KGF
complex.;s formed;

iv) separating said heparin-KGF complex from said
concentrate;

v) treating said heparin-KGF complex under conditions
éuch that said KGF dissocia;es from the heparin so
that a solution of free KGF is formed;

vi) concentrating said solution so that a second con-
centrate is formed; and

vii) fractionating said second concentrate so that KGF
is separated from the remaining components.

30. A method of producing KGF from cultured cells,

according to claim 29, wherein said KGF-producing cells are M425

human embryonic fibroblasts.

REPLACEMENT s,
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The FGFs are hepari n-bi ndi ng nftogens wi th broad-target-ecelf-——-
specificities (I11-10). 5 The hst gene was identified as a transform ng

gene from a human stomach tunor (11-11) adj acenflhis Sheet HasBaepReplaced
stomach. tissue (11-12) [

: , and from Kaposi' s sarco
standard N H 3T3 transfection assays. The product ene
I s expressed 10 normal |y during m@8e enbryogenesis (I1-14) an

aberrantly after proviral integration of nobuse
(11-15). 31.

manmary tunor Vvirus
A biocassay for expression of a gene encoding KGF

comprising the steps of:

i) isolating mRNA from tissues or cells;

ii) annealing said RNA.to a DNA probe encodiﬁg a2 human
KGF; and

iil) determining the amount of DNA:RNA hybrid containing
said DNA probe.

32. A bioassay for KGF antigen comprising the steps of:

i) extracting polypeptides from body £fluids or tissue
samples; and . -

ii) determining the level of human KGF antigen by reac-

tiqﬂ with an antibody specific for a peptide having
the amino acid sequence of human KGF or KGF-like

protein, according to claim 3.
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KGF is the sixth nmenber of the fibroblast gromh factor famly to be
identified 15 (I1'1-28). Wiile the nane FG--6 does not seem

sui tabl e because KGF is devoid of activity on fibroblasts, this
nonencl ature nmay al so be used for this growmh factor, to denote its
structural relationship to the FGlé fam'ly. As all 20 previously
characterized growh factors either exclude epitheltal cells as

targets or include t hem anong aéﬁ#ﬁ&ﬁ&ﬂgf sensitive target cells,
the highly specific nature of KGF mtog '

Discoveries are disclosed that show
particular aspects of recombinant DNA technology
can be used successfully to produce hitherto

5 unknown human keratinocyte growth factor (KGF)
protein free of other polypeptides. These
proteins can be produced in various functional
forms from spontaneously secreting cells orltrom
DNA seéments introduced into cells. These forms

10 variously enable biochemical and functional
studies of éhis novel protein as ﬁell as
production of.antibodies. Means are described
for determining the level of expression of genes
for the KG?-protéin, for example, by measurihg
15 mRNA levels in cells or by measuring antigen

secreted in extracellular or body fluids.

e

IR
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activity for epithelial cells, and the 25
I n particular, nake It unique.
REPLACEMENT SHEET

sensitivity of keratinocytes

Table .-1. Growth Factor Purificatic..
Purification Protein Totatl Specific
step : sctivity sctivity
(mg) (units) (units/mg)
Conditioned medium 1.4 x 1050 2.5 x 104 1.8 x 10!
(10 Liters)
. ulersfiltration 1.3 x 10°* 3.2 x 10t 2.5 x 10
{retentats)
uSAC 0.73® 1.6 x 10* 2.2 x 10¢
0.6 Mt NeCl pool
T5X-G3000 W 8621030 272108 3.2 10
c oHrLe 61x10® 24k 3.6 x 10t

Recoveries were calculated by assuming that all
of the mitogenic activity in the starting

material was due to thé isolated factor.

* One unit of activity is defined as half of the
s maximal stimulation of thymidine incorporation
induced by TSK-purified factor in the BALB/):K
bicassay, in which approximately 3 ng of the |
TSK-purified factor stimulated 1 unit of
activity.

10 * protein was estimated by using the Bradford
reagent from BioRad (I-23).

® protein was estimated by using 'f‘ = 140.




In studies to date, expression of the KGF transcript appears to be

specific for stromal cells derived fromepithelial tissues,
suggesting its function in normal epithelial cell 5
proliferation. The availability of the KG- cDNA clone will make it
possi bl e to determ ne whet her abno@8l expression of this growh
factor can be inplicated in clinical conditions characterized
by epithelial cell gypplagig,.and/ ea:aaepbaﬁaspeéencwmsevemwe ability
to produce large quantities Factors
Growth Factor ) thet i Hbroblast §ndothelial
BALS/KK 8S/589  cCL208 KIN/3T3S Human ssphencus
vein
XGF $00-1000  2-3 5-10 <t «
EGF 100-200 20-40  10-30 10-20 n.d.
TGfa 150-300 n.d. n.d. 10-20 n.d.
aFGFe ~ 300-s00 23 S-10 $0-70 H
bFGF 100-200 2-3 2 . 50-70 s

-

Comparison ot'miiimal thymidine incorporation
stimulated ﬁy‘KGE and other growth

factors in a'gpriety of cell lines, expressed as
fold stimufﬁ%i:;iover background.

-«.E‘.b f - PO W
4»..*"’&-' oAb Bachl s

5 This data represents a summary of four different

experiments.

* Maximal stimulation by aFGF required the
presence of heparin (Sigma), 20 upg/ml.

n.d. = not determined.
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of this novel growth factor by reconbi nant t echni ques shoul d al | ow

testing of its clinical applicability in situations where specific -
growt h of epithelial cells is of particular inportance. 15

Ali gnment of the KGF sequence with the five other proteins of the
FGF fam |y reveal ed t wo maJBIO regi ons of honol ogy, spanning am no
aci ds 65-156 and 162-189 in the predicted KG- sequence, which were
separated by_a short, 20 nonhonol ogous series of amno acids with

: 3
varyi ng 1
l 2.0 20 g
€ _ z
€ ok
: 1.6} 8 3§ é
o 2t 12 :ﬁ Q
o - & z {12 8
g 0.8 8 0% 0.9 g
o 04 4
g eovencers® -L § 03 s
( ry - 2 2 Y 2 = b
10 20 80 40 $0 (1] g 2
FRACTION NUMBER P T

Figure I-1. Heparin-Sepharose affinity
chromatography of conditioned medium from M426
human embryonic fib:oblasts. Approximately 150
ml of ultrafiltration retentate derived from

-3 liters of M426 conditioned medium were loaded
onto a heparin-Sepha:cse colunn is ml bed
volume) in 1 hr. After washing the column with
150 ml of the equilibration buffer, 20 mM
Tris-HCl, pH 7.5/0.3¥ NaCl, the retained protein

10 (<5% of the total protein in the tetentate) wvas
eluted vith a modified linear gradient of
;ncreasing NaCl concentration. Fraction size
was 3.8 ml and flow rate during gradient elution
was 108 ml/hr. Two gl of the indicated

1s fractions were transferred to microtiter wells
containing a final volume of 0.2 ml for assay of
3H-thymidine incorporation in BALB/MK cells as
described in the Methods.
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|l engths in different nenbers of the famly (Fig. - [1-2). In the case

of int-2, the length of this sequence was 17 residues, while in hst,
“the two . honol ogous regi ons were contiguous. In KG the 25
I nt erveni ng sequence consi sted of five am no aci ds.
91

Figure I-2. SEE LEGEND NEXT PAGE
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72 In the aligned regions, the : F am no

aci d sequence
was about 44% i dentical to int-2

(nouse), 39%identical to bFG-

(human), 37% identical to aFGF (human) and 33%identical to 5 hst
(human). In this sanme region, all six proteins were identical at 19%
of the residues, and all owi ng for servative substitutions, they
showed 28% honol ogy. As sho in Fig. 11-2, the amno

termini 10 of thggerLerapped pApt Revérsed-pRABENBHINOUSEOBALE/MK

mitogenic activity. Active fractions eluted
from heparin-Sepharose with 0-6M NaCl were
processed with the Centricon -10 and loaded

5§ =~ directly onto a C, Vydac column (4.6 X 250 mm)

' which had been equilibrated in 0.1%
e:iﬂuqrgsoe:i.c acid/20% agcetonitrile (ACN).
After washing the oolunn with 4 ml of
equilib:atioo Suffer, the sample was eluted with

10 a modifiedhlinear.gfidient of increasing % ACN.
. Fraction size was 0.2 ml and flow rate was 0.5
ml/min. _Aliquots for the assay of 3H-thymidine
incorporation in BALB/MK cells were promptly
diluted 10-fold with S0 pq/nl bovine serun
15 albumin/20 mM:Tris-HCl, pH 7.5, and tested at a
- final dilution of 200-fold. (B) NaDedSO,/PAGE
analysis of selected fractions from the C,
chromatography shown in panel A. Half of each
fraction was dried, redissolved in NaDodso,/2-
20 mercaptoethanol.'heat denatured and
| electrophoreoed in a 14% polyacrylamide gel
which was subsequently stained with silver. The
position of each molecular weight marker (mass
in kpDa) is indicated by an arrow. (C) DNA
25 synthesis in BALB/MK cells triggered by the
fractions analyzed in Panel B. Activity is

expressed as the fold stimulation over

background which was 100 cpm.
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of variable |ength. The primary KGF and hst translatio

othuct-s
cont ai n hydr ophobi c N-term nal regions which likely se"ﬂgéﬁgﬁgﬂﬁﬁﬁISHEET
sequences (11-16) The fact that this NNtermnal 15 doma| n} I's not
present in the mature KG- nol ecul e (Fig. 11-1B) further}s
thi s concl usion, In contrast, the FGFs are synthesized apg?ﬁ)mﬁm
W t hout signal peptides (11-10).. T int-2 protein contairns—af
atypically short region of NNtermn 20 hydr ophobi c resi‘dues (11-17),

but it is not known

[N

i

ABSORBANCE, 214 nm {(—)
o
3

75 38 95 40 45, B0 .65

{—-) ¢-01 x wdd ‘NOILYHOJHOINI INICINAHL-H ¢

‘'Figure I-3. nolecul'a'rlv__sievihg HPLC (TSK 3000SW)

chromatography of tﬁe BALB/MK mitogenic
activity. Approximately 50 gl of a Centricon-

processed, 0.6M NaCl pool from HSAC were loaded

S  onto a LKBsqlusPac TSK G3000SW column (8 X 300
mm) , previously equilibrated in 20 nM Tris-HCl

’

pH 6.8/0.5M NaCl, and eluted as 0.2 ml fractions

at a flow rate of 0.4 ml/min. Aliquots of 2 ul

were transferred to microtiter wells containing

10 a final volume of 0.2 ml for assay of JH-
thymidine incorporation in BALB/MK cells. The
elution positions of molecular weight markers

(mass in kDa) were as indicated by the arrows.




if the protein is secreted. Mreover, the int-2 protein contains a

long G term nal extension conpared to the other famly nenbers.
Purified KGF contains five cysteine 25 resi dues, two of which are
conserved t hroughout the famly of FGF related proteins (Fig.
11-2). Al so of note are the five pairs of basic residues

94

stimulation

$00

400

300

3H-Thymidine Incorporation, fold

2 2 b

2

1 2 3 4 [ -
Growth Factor Concentration (nM)

Figure I-4. Comparison of BALB/MK- DNA synthesis
in response to TSK-purified mitogen and other

growth factors. Incorporation of 3H-thymidine
into trichloracetic acid-insoluble DNA,

5 expressed as fold stimulation over background,
wﬁs measured as a function of the concentration
of the ind:l.cated growth factors. Béckground
valueé with no sample added were 150 cpa. The
results represent mean values of two indepéndent’

10 experiments. Replicates in each experiment were

within 10% of mean values. TSK-purified

mitogen, - «; EGF, a

a; aFGF, -

bFGF, o—0.
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73 t hroughout the KGF sequence. This sane pattern
observed in other FGF fam |y nenbers and
interaction with heparin (I'1-18). Dibasic sites are al so common
targets 5 for proteolytic processing and such processing m ght
account for the m croheterogeneity obser I n.some KGF preparations
(unpubl i shed dat-a). The KGF cDNA sequence was AT rich

has been
may be involved in their

-t e, o = an

Z T~ - \ ’/;,4-—'-‘\"

¥

Figure I-5. Comparative growth of BALB/MK cells
in a chemically defined medium in response to

different combinations of growth factors.

- Cultures were plated at a density of 2.5x10°"
cells per dish on 35 'mm Petri dishes precoated
with poly-D-lysine/fibronectin in a 1:1 mixture
of Eagle's minimal essential medium and Ham's
Fl2 medium supplemented with transferrin,

Na,Se0;, ethanolamine and the growth factors

10 indicated below. After 10 days, the plates were

fixed and stained with Giemsa. Key: a) no
growth factor:; b) EGF alone; ¢) insulin alone:
d) KGF alone; e) EGF + insulin. Final

concentrations of the growth factors were as

1s follows: EGF, 20 ng/ml:; insulin, 10 ug/ml: and

KGF, 40 ng/ml.

REPLACEMENT SHEET
03 MAR 1997




t hr oughout

seqguences,

sequences,

its length, but particularly so in the 10 3
regi on where the AT content was

put ati ve codi ng
The 3" untransl ated region contained a | arge
whi ch have been 15

degradation of transiently expressed, un@t@ble
was no cl assi cal

10

15

unt ransl at ed

70% as conpared to 60% in the

sequence and 63%in the 5 wuntransl ated region.

nunber of ATTTA

proposed to be involved in the sel ected

RNAs (11-19). There

AATAAA pol yadenyl ati on signal but two variant

TABLE II-1. Effect. of Heparin on KGF Mitogenic
Activity. ' |

Grouth Factor BALO/WK NIR/ITS
* - * -

KGF 150 9.5 <1 <t

aFGF 106 =9 10.4 Ty

bFGF 30 ¢ 4.7 L,

Cells were plated in microtiter plates,

grown to confluence in serum containing media

and then placed in a serun-free medium for 24-72

hr prior to sample addition. Mitogenesis assays

were performed as described (see Experimental

Section I, above and II-3).

Where indicated,

heparin was included in the culture media at a

final concentratioﬁ of 20 ug/ml. The

concentration of all the growth factors was 50

ng/ml. The results represent fold stimulation

of 3H-thymidine incorporation in the indicated

assay cell in the presence (4) or absence (-) of

heparin. Each value represents the mean result

from two independent experiments in which each

point, in turn, represents the mean value of

duplicate analyses.




AATTAA and AATACA (I11-20), were detected 24 and 20 19 nucl eot i des,

respectively, upstream of the pol y(A) sequence at the 3' end of the
cDNA. It has been suggested that the heparin ef f ect
on acidic FG- is either due to stabilization of the active
conformation of the 25 growthfactorg to formation of a tertiary

conplex with acidic FGF and its receptor¥(l1-21, [1-22). If so,

heparin may stablllfgfe rr-a1a. CHELERYEMY BLHTMd'al 18 NOt as active as

t he

)
32 —_ —_—
p N4 ' T Zeell
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unabl e

i's
Wiile its ability

simlarities of KGF with 5

98

or forma tight conplex that
SEE LEGEND FOLLOWING

reflects the structural

free nol ecul e,
Figure II-1B.

to efficiently interact with its receptor..
the differences in target cel

to bind heparin
the FGF' s,

74
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specificities between these related mtogens is remar kabl e. The FGF' s

I nduce division of nost nontermnally differentiated cells of both

enbryoni ¢ nesodermal and neuroectodermal origin. 10 In addition to

fibroblasts and vascul ar endot helial tissues, nesodernally derived

targets | in culture include nyobg ts, chondrocytes and

osteoblasts (11-23). FGF's are also mtogenic for glial astrocytes

and neuroblasts (I11-24). 15 The product of the oncogene isolated from
Figure II-1C. SEE LEGEND FOLLOWING




Kaposi's sarcoma, which is idéntical to hst., also
proliferation of NIH 3T3 and capillary endothelial cells (I11-25). To

date, KGF induced m t ogenesi s has only been observed in epithelial
20 cells, and the absence of any detec

tiﬁl activity in
fibroblasts or endothelial cells has al sb éﬁn denonstrated (see
Experinental Section |, above and 11-3). It seens |likely, therefore,
t hat KG-F acts through a different cell surface receptor 25 t han

the FGFs. Figur. II-1. Nucleotide sequence anu deduced

anino acid sequence of KGF cDNA, and

stinul at es

identification of KGF gene transcripts. (A)
Schematic representation of human KGF cDNA
5 -cloges. Overlapping pCEV9 clones 32 and 49,
used in sequence determination, are shown above
a diagram of the complete structure in which
- untranslated regions are depicted by 2 line and

the coding sequence is boxed. The hatched '

10 region denotes sequences of the signal peptide
and the open region of .the mature protein.
Selected restriction sites are indicated. (B)
KGF cDNA nucleotide and predicted amino acid
sequences. Nucleotides are numbered on the

1S

right; amino acids are numbered throughout. The

N-ﬁerninal peptide sequence derived from

purified KGF is underlined. The hydrophobic N-
terminal domain is italicized. The potential
asparagine-linked glycosylation site is'

20 overlined. The variant polyadenylation signals,
AATTAA and AATACA, close to the 3' end of the
RNA, are boxed. (C) Identification of KGF mRNAs
by Northern blot analysis. Lanes a and c,
poly(A)-selected M426 RNA; lane 4, total

25 cellular M426 RNA. Filters were hybridized with
a 3p-labeled €95 bp BamHI/Bc/I fragment from

clone 32 (Probe A, Fig. II-1A), lanes a and b, -
REPLACEMENT SHEET'
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There is no significant N-term nal honol ogy between KG- and ot her

FG--rel at ed proteins. Thus, the construction of chineric
nol ecul es between KG- and a prototype KGF was
101

Or & 541 bp 4pal/EcoRI fragment from cione 49

(Probe B, Fig. II-1A), lanes ¢ and d.
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undertaken to determ ne whet her the KG-

sufficient to account for Its unique target cell specificity. The

results 5 on the first such reconbi nant pol ypepti de sequence
indicate that the N-term nal domain of

N-term nal domain is

KGF essentially encodes the
cell preference for keratinocytes, while the susceptibility of KGF to
heparin is encoded sonmewhere in the C-terminal 10 core region which was
repl aced by sequences of _aFGF. 1T0ig novel KGF-1ike growth factor may
have

C C
NN KGF (FGF-6)
C ] aFGF
L bFGF
[ DN N ) int-2
NN I S hst /KFGF
=Y _ I W FGF-5
i 20 a0.

Figure II-2. Topological comparison of the FGF

fanily of related molecules. The two protein
domains that share high homology are shown by

5 shaded bhoxes. Hatched boxes indicate putative
signal peptide sequences. The positions of two

conserved cysteine residues (C) are shown.

_._.__,,,_.—-——-:__"'T"""“"
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! advantages in clinical

epithelial -specific growth

factor
heparin, a 15

appl.i cati ons where

commonl y used anti coagul ant

on chineras should al so provide insights into

whi chiw \(fo ] !
in the CG-termnal core contrlbute t e different efo@PEEQgEMﬁggggﬁftﬁ
on their biologic activities. RERERENCES FOR
EXPERI MENTAL | | . 23 MAR 1957
Figure II-3. SEE LEGEND NEXT PAGE
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-1, Janes,

R and Bradshaw, R A (1984)

Ann. Rev.
Bi ochem 53, 259-292. I-2. Sporn, N. B. and Todaro, G J.
(1980) N. Eng. J. Med. 303, 878-880. 25 I1-3.
Rubin, J. S., Osada, H, Finch, P. W,

Rudi kof f, S. and

10

1S

20

Taylor, W G,

104

Figur. II-3. Northern blot analysis ¢f KGF mRN

in normal punan cell lines and tissues, and
comparison witQ mRNA expression of other growth
factors with known activity on epithelial cells.
Total cellular RNAs were i{soclated by cesiunm
trifluoro-acetate gradient centrifugation. 10
g of RNA were denatured and electrophoresed in
1% formaldehyde gels. Following mild alkali
denaturation (50 mM NaOH for 30'), RNA wvas
transferred to nitrocellulose filters using 1 M
ammonium acetate as a convectant. Filters were
hybridized to a 3?p-labelled cDNA probe
containing the 647bp EcoRI fragment from the 5°*
end of the KGF coding sequence (A) or sin@lar
probes from the other growth factor DNAs. The
following human cell types were used: sguamous
celllcarcinomas (A253, A38s8 an& A431) ; mammary
epithélial cells (S6 and Rl); keratinocytes -
inmoftalized with Ad12-5V40; primary human
keratinocytes: neonatal togeékin £ibroblasts,

AG1523: adult skin fibroblasts (501T); and
embryonic lung fibroblasts (WI-38 and M426).
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appea.. to neutralize mitogenic activi _, of KGF in

the BALB/HK bioassay.

Fragments of antibodies of this

invention, such as Fab or F(ab)' fragments, which -

. retain antigen binding activity and can be

prepared by methods well known in the art, also
fall within the scope of the present invention.
Further, ﬁhis invention comprises pharmaceutical
compositions of the antibodies of this invention,
or active fragments thereof, which can be
prepared using materials and methods for
preparing pharmaceutical compositions for
administration of polypeptides that are well
known in the art and can be adapted readily for
administration of KGF and KGF-like peptides
without undue experimentation.

These antibodies, and active fragments
therepf, can be uéed, for example, for detection
of KGF in bioassays or for purification of the
protein factors. They may also be used in
approaches well known in the art, for isolation
of the receptor for KGF, which, as described in
Experimental Section II, appears to be distinct
from those of all other known growth factors.

Those preferred antibodies, and
fragments and pharmaceutical compositions

thereof, which neutralize mitogenic activity of

KGF for epithelial cells, as indicated by F%PMCEMENT SHEET
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and understanding. It will also be obvious that 10 various conbinations
in formand detail can be made w t hout departing fromthe scope of
the - - i nventi on.
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X An isol ated gI ycosyl ated or unglycosyl ated keratinocyte growth
factor (KGF) protein conprising: (a) the follow ng am no acid sequence, (b)

a portion of the followi ng amno acid sequence W thout thg;NndEliiiRBAIReFdced
am no acids, or (c) an

am no acid sequence that differs by
del etion, or substitution of one or nore amno acids from ' I IF Il
am'noacidsequence M H KW LTWI LPTLLY
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RTVAVG | | KG VVESEF YLAMNK EGK :
YAKKECNEDCNFK ELI LEN HYNTYASAKW THNG G '
M FVALNQKGI PVRGKKTKKEQKTA H FL PMAH.BeenReol
wherein said KG- protein has a functional domain conprising
of sequence in (a) that are responsible for the preferential Jﬂﬂ‘ ﬂﬂiﬂp“i
activity of KG- for an epithelial celj§y3- 2. The KGF pr

1, wherein an anount of said protein that exhibits nmaximl stimulation of
BALB/ MK keratinocyte cells exhibits | ess than one-gold stinulation of
NIl H 3T3 fibroblasts. as expressed as fold stinmul at%on over background.

FIG. 8 sst}
S3ZE
EEQ 3
1582,
© O . )
T eceo .-%555%.-1—88-
s 2EEE 8883538525382
go2ad < <danx<a .
- 288
A} KGF ' 2

' — 188

B) TGF-« “

C) EGF B
vy ¥ X

. . —18S8

—28S
D) Acidic FGF .
" —18S
. . - 28S
E) Basic FGF { o~ ' | :
g‘ ' O ) o .
[ 4 : —188
. e L . b
~28S
F) Actin - »

REPLACEMENT SHEET

04 APR %997

THIS SHEET HAS BEEN | -
REPLACED |




-82- - - 2. The KGF protein of claim1l, whéréin an anmount of s

protein that exhi bits maxi mal sti mul eratinocyte ?5
exhibits | ess than one-fold  stinulat énlml "I I I robI ast s as
expressed as fold stinulation over background: ™ KGF

protein of any of clainms 1 or 2, wherein an anount of sald prote| n that
exhi bits maxi mal stinul ati on-of BALB/ MK keratinocyte cells exhibits |ess

81

1. (Amended) An isolated glycosylated or unglycosylated keratinocyte growth
factor (KGF) protein comprising: (a) the following amino acid sequence, (b) a portion
of the following amino acid sequence without the N-terminal 31 amino acids, or (¢) an
amino acid sequence that differs by the addition, delefion. or substitution of one or more

amino acids from the following amino acid sequence:

KWILTWILPTLLYRSCFHIICL

TISLACNDMTPEQMATNVNTCS

H

G
PERHTRSYDYMEGGDIRVRRLEF
RTQWYLRIDKRGKVKGTQEMEKN
Y

NITMEITRTVAVGIVAIKGVESTEHTF

LAMNKEGKLYAKKECNEDTCNEFK

m < 2z O 0 < =

LILENHYNTYASAKWTHNGG GEWM

-n

VALNQKGIPVRGKKTKKEQKTA
HFLPMAIT

wherein an amount of each of (a) through (¢) that exhibits maximal stimutation

of BALB/MK keratinocyte cells exhibits less than one-fold stimulation of NIH/3T3
fibroblasts.

2. The KGF protein of claim 1, wherein said KGF protein stimulates DNA

synthesis in BALB/MK keratinocyte cells at a subnanomolar concentration, but

\ _
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than-1/50th maxi mal thym di ne incorporation of NIH 3T3 fibroblasts . .
stinul ated by aFGF or bFG. 4. The KGF protein of any of

clains | or 2, wherein an anount of said protein that elmmmnﬁllmﬁlll
stinmulati on of BALB/ MK keratinocyte cells exhibits |ess

maxi mal t hyni dine incorporation of NIH 3T3 fibroblasts stinuldted E& br
TGF- al pha. 5. The KG- protein of claim1, wherein the nmaxi nal

stinul ation of BALB/ MK keratinocytesB®y said protein obtained within the
concentration range of 0.1 to 3

substantially fails to induce thymidine incorporation into DNA of NIH/3T3 cells at a

subnanomolar concentration.

3. The KGF protein of any of claims 1 or 2, wherein said KGF protein
exhibits at least about 500-fold greater stimulation of BALB/MK keratinocyte cells than

of NIH/3T3 fibroblasts, as determined by H*-thymidine incorporation.

4. The KGF protein of any of claims 1 or 2, wherein said KGF protein
exhibits at least about 50-fold greater stimulation of BALB/MK keratinocyte cells than of
BS/589 epithelial cells and of CCL208 epithelial cells, as determined by H-thymidine

incorporation.

5. The KGF protein of any of claims 1 or 2 which has a specific activity of at
least about 3.4 x 10* units per milligram of protein, where one unit of activity is defined
as that amount which causes half of the maximal possible stimulation of DNA synthesis

in BALB/MK keratinocyte cells under standard assay conditions.
6. The KGF protein of any of claims 1 or 2 which is glycosylated.

7. The KGF protein of any of claims 1 or 2 which is not glycosylated.
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nanonol ar is at |least twice that obtained with basic FGF within the sanme
concentration range. 6. The KG- protein of any of clainms 1 or 2

whi ch has a specific activity of at |east about 3.4 x 10[err] units per
m | ligram of protein,

T vhere one it o activity e S NN A AL l

83

8. The KGF protein of any of claims 1 or 2 comprising the amino acid
sequence:
MHKWILTWILPTLLYRSCFHIICL

GTISLACNDMTPEQMATNVNC S
PERHTRSYDYMEGGDIRVRRLF
RTQWYLRIDKRGKVKGTOQEMEKN
YNIMEIRTVAVGIVAIKGVESEHTF

LAMNKEGKLYAKKECNEDTCNEFK

m < 2 O o <

LILENHYNTYASAKWTHNGGEWM

FVALNQKGIPVRGKKTKKEQKTA
HFLPMAIT.

9. The KGF protein of any of claims 1 or 2, comprising an amino acid

sequence differing by the addition, deletion, or substitution of one or more amino acids

from the following amino acid sequence:
CNDMTPEQMATNVNGC S
ERHTRSYDYMEGGDIRVRRLETEF

P

RTQWYLRIDKRGKVKGTQEMEKN
YNIMEIRTVAVGIVAIKGVESEHTF
L

AMNKEGKLYAKKECNEDTCNFK

ILENHYNTYASAKWTHNGG GEM

nm < Z2 O O

VALNQKGIPVRGKKTKKEQKTA
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as that anmpunt which causes half of the maxi nal

synthesis in BALB/ MK keratinocyte cells, as neasured by fold stinulation
over background. 7

: The KGF protein of any of cIHwﬂ "m ul;lﬁmltlum
whi ch is glycosyl at ed. 8. The KGF protein of any
6 which is not glycosyl ated. 9. The KGF protein of any of "cl &
1 to 8 conprising the am no acid sequence: CNDMTPEQMATNVNC

S 84
HFfFLPMAIT.

10. The KGF protein of any of claims 1 or 2, comprising an amino acid

sequence differing by the addition, deletion, or substitution of one or more amino acids
from the following amino acid sequence:

M KWILTWILPTLLYRSCFHIUIICL

H

VGTISLACNDMTPEAQMATNVNCS
SPERHTRSYDYMEGGDIRVRRLF
CRTQWYLRIDKRGKVKGTOQEMEKN
NYNlMElRTVAVGlVAlKGVESEF
YLAMNKEGHKLYAKKECNEDT CNEFK
ELILENHYNTYASAKWTHNGGEM

FVALNQKGIPVRGKKTKKEQKTA
HFLPMAIT.

11.  The KGF protein of any of claims 1 or 2, comprising (i) an N-terminal

region which comprises a sufficient number of amino acids 32-64 of Figure 11-1B to
confer on the polypeptide preferential mitogenic activity on cells of epithelial origin

peptide bonded to (i) a C-terminal region which comprises amino acids 65-156 and
161-189 of Figure II-1B.

12.  The KGF protein of any of claims 1 or 2, comprising (i) an N-terminal

regién which comprises a sufficient number of amino acids 32-64 of Figure 1I-18 to
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YDYMEGGDI RVRRLF CRTQWYLRI DKRGK

P TRS
K E MK RTVAVG I VAI KG V ESEF Y
A EGKWMMINMI@WIDCNFK ELI LENHYNTYASAK
THNG G E PVRGKKTKKEQKTA HFLP
Al 10. The KGF protein of any of clains 1 to 8, conprising an
am no acid sequence differing by the addition, deletion, or substitution of

one or nore am no acids fromthe follcﬁ/ﬁng am no acid sequence: CNDMT P
EQMATNVNCS

ZTsSr<on
Zom
Z—23
<O I

—

confer on the polypeptide preferential mitogenic activity on celis of eplthelial origin

peptide bonded to (ii) a C-terminal reglon which comprises amino acids 65-194 of

Figure 1I-1B.

13. The KGF protein of any of claims 1 to 12, wherein said KGF protein
exhibits at least about §00-fold greater stimutation of BALB/MK keratinocyte cells than
of NIH/3T3 fibroblasts and at least about 50-fold greater stimulation of BALB/MK
keratinocyte cells than of BS/589 epithelial cells and of CCL208 epithelial cells, as

determined by H*-thymidine incorporation.

14. The KGF protein of any of claims 1 to 12, wherein said KGF protein

comprises Met at the amino terminus.

15. A phamaceutical composition comprising at least one KGF protein

according to any of claims 1 to 14.

16. A phammaceutical composition comprising at least one KGF protein

according to any of claims 1 to 14 for acceleration or improvement of wound healing

involving the epidermis.

17.  Use of the KGF protein according to any of claims 1 to 14 for preparing a

medicament for stimulating epithelial cells.
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18.  Use of the KGF protein according to any of claims 1 to 14 for preparing a

medicament for acceleration or improvement of wound healing involving the epidermis.

19. Use of the KGF protein of claim 18, wherein the medicament is to be

topically applied to the skin or eye.

20. Use of the KGF protein of claim 18, wherein the medicament is to be

topically applied to the skin.

21. A chimeric protein which comprises within a single polypeptide molecule a

functional domain of KGF protein of any of claims 1 or 2, wherein the functional domain

is defined by amino acids responsible for the preferential mitogenic activity of KGF for

an epithelial cell, and at least one other polypeptide portion of the fibroblast growth

factor family.

22. The chimeric protein of claim 21, wherein the fibroblast growth factor is

acidic fibroblast growth factor (aFGF).

23. The chimeric protein of claim 22, wherein the polypeptide portion of aFGF

is defined by amino acid residues in that portion of aFGF that is homologous to the

KGF sequence responsible for heparin sensitivity of KGF.
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FVALNQKGI PV RGKKTKKEQKTA HFLPMAT"

g
The KGF protein of any of clains 1 to 8, conprising an a e
differing by the addition, deletion, or substitution of o !@'HWE

acids fromthe follow ng am no acid sequence: MHK W - *Lc M L
LYRSCFH I CL VGTI SLACNDMTPEQM ATNVNC S

PERHTRSYDYMEGGDI RVR8I$LF CRTQW YL IDKR KV
KGTQEM KN

24. The chimeric protein according to claim 23, wherein said functional
domain from KGF is defined by amino acid residues numbered 32 through 78 in Figure

11-1B and said polypeptide portion of aFGF is defined by the carboxyl terminus of aFGF,

beginning at residue number 39.

25. A pharmaceutical composition comprising a chimeric protein according to

any of claims 21 to 24, and a pharmaceutically acceptable carrier.

26. Use of the composition of any of claims 21 to 24 for preparing a

medicament for treating conditions requiring specific stimulation of epithelial cells in the

presence of heparin.

27.  An antibody specifically directed against KGF protein of any of claims 1 to
14.

28. The antibody of claim 27 which neutraiizes the mitogenic activity of human
KGF.

29. The antibody of claim 27 which is a polyclonal antibody.

30. The antibody of claim 27 which is a monoclonal antibody.
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MEI RTVAVGI VAI KGVESEF YLAMNKEGKLYAK
EDCNFK ELI LENHYNTYASAKWTHNGGEM FVAL
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31. The antibody of claim 27 which reacts against the peptide
NDMTPEQMATNVR.

32. A pharmaceutical composition comprising at least one antibody of claim

27 and a pharmaceutically acceptable carrier.

33. Use of the antibody of any of claims 27 to 31 for preparing a medicament

for treating conditions requiring specific inhibition of stimulation of epithelial cells by

KGF.

34. A DNA molecule encoding a keratinocyte growth factor (KGF) protein

comprising: (a) the following amino acid sequence, (b) a portion of the following
amino acid sequence without the N-terminal 31 amino acids, or (¢) an amino acid

sequence that differs by the addition, deletion, or substitution of one or more amino

acids from the following amino acid sequence:

KWILTWILPTLLYRSCFHILICL

TISLACNDMTPEQMATNVNCS

H

G
PERHTRSYDYMEGGDIRVRRLF
RTQWYLRIDKRGKVKGTOQEMEKN
Y

NIMEIRTVAVGIVAIKGVESEHF

M
Vv
S
Cc
N
YLAMNKEGKLYAKKECNEDTCNTFK
E

LILENHYNTYASAKWTHNGGEM
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12. .The KGF protein of any of clains 1 to 8, conprising (i) an N-term nal
regi on which conprises a sufficient nunber of am no aci'ds 32-64 of Figure"
I1-1B to confer on the pol ypeptide preferenti al mtog

cell's of epithelial origin peptide bonded to (ii) a C ﬂmm "ﬂem ?",
whi ch conprises anmno acids 65-156.and 161-189 of Figure

13. The KGF protein of any of clains 1 to 8, conprising (i). an N-term nal
regi on which conprises a sufficient nunber of am no acids 32-64 of Figure
I1-1B to confer on the pol ypeptide B%ferential nitogenic activity on
cells of epithelial origin peptide bonded to (ii) a. Ctermnal region

which cogpngeg gm0 fckdyH6pd% { 6 K K TK KE QK T A
HELPMAIT

, wherein an amount of each of (a) through (c) that exhibits maximal stimulation

of BALB/MK keratinocyte cells exhibits less than one-fold stimulation of NIH/3T3
fibroblasts.

35. The DNA molecule of claim 34, wherein the DNA molecule encodes a
KGF protein that stimulates DNA synthesis in BALB/MK keratinocyte cells at a
subnanomolar concentration, but substantially fails to induce thymid'me incorporation

into DNA of NIH/3T3 cells at a subnanomolar concentration.

36. The DNA molecule of any of claims 34 or 35, which encodes the amino

acid sequence:

MHKWILTWILPTLLYRSCFHIICL
VGTISLACNDMTPEQMATNVNCS
SPERHTRSYDYMEGGDIRVRRLEF
CRTQWYLRIDKRGKVKGTQEMEKN
NYNIMEIRTVAVGIVAIKGVESEHTF
YLAMNKEGKLYAKKECNEDTCNFK
ELILENHYNTYASAKWTHNGG GEM

FVALNQKGIPVRGKKTKKEQKTA
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Figure I'1-1 B. 14.  The KG- protein of any of clains 1.t0.8,
th

conprising a segnent of e following amno acid sequence M HKW
TWILPTLLYRSCFHI I CL VGTI SLAC 1“5‘ "L
NVNCS SPERHTRSYDYMEGGDI RVRRL -

| DKRGKVKGTQ EM KN NYNI MEI RTVA ver\f vV E
SEF

HFLPMAIT.

37. A DNA molecule which encodes the KGF protein of claim 9.

38. A DNA molecule which encodes the KGF protein of claim 10.
39. A DNA molecule which encodes the KGF protein of claim 11.
40. A DNA molecule which encodes the kGF protein of claim 12.
41. A DNA molecule which encodes the KGF protein of claim 14.

42. A DNA molecule encoding a chimeric protein which comprises within a
single polypeptide molecule a functional domain of KGF protein any of claims 1 or 2,
wherein the functional domain is defined by amino acids responsible for the preferential

mitogenic activity of KGF for an epithelial cell, and at least one other polypeptide
portion of the fibroblast growth factor family.

43. The DNA molecule of claim 42, wherein the fibroblast growth factor is

acidic fibroblast growth factor (aFGF).
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44.

The DNA molecule of claim 43, whereln the polypeptide portion from
aFGF is defined by amino acid residues in that portion of aFGF that is homologous to

the KGF sequence responsible for heparin sensitivity of KGF.

45. The DNA molecule of claim 43, wherein said functional domain from KGF

is defined by amino acid residues numbered 32 through 78 in Figure li-1B and said

polypeptide portion of aFGF is defined by the carboxyl terminus of aFGF, beginning at

residue number 39,

46. A recombinant DNA molecule comprising the DNA of any of claims 34 fo

45 and a vector,

47. The recombinant DNA molecule of claim 46, wherein said vectoris a

plasmid, a bacteriophage cloning vector, a DNA sequencing plasmid vector, a bacterial

gene expression vector, or a mammalian gene expression vector.

48. A recombinant host cell comprising a DNA molecule of any of claims 34 to

45.

49. A recombinant host cell comprising a recombinant DNA molecule of any

of claims 46 or 47.
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15. The KGF protein of any of clains- 1 to 14, wherein said KG- protein_
conprises Met at the am no term nus. .16. A phar maceutlcal
conposition conprising at | east one KG- protein accordi ngmm zﬂmuméulllﬂmg
| to 15. 17. A pharnmaceutical conposition conpri u

KGF protein according to any of clains 1 to 15 for accel erati‘on‘or™

i nprovenent of wound healing involvgng the epiderms.

50. The cell of claim 48, wherein said cell is a mammalian cell, an insect cell,

a yeast cell, or a bacterial cell.

51. The cell of claim 49 wherein said cell is a mammalian cell, an insect cell, a

yeast cell, or a bacterial cell.

52. A method of producing KGF protein according to claim 1 comprising
culturing the cell of any of claims 48 to 61 in a culture medium under conditions such

that said protein is produced.
53. The method of claim 52 further comprising isclating the KGF protein.

54. A method of claim 52, wherein said DNA molecule comprises a promoter
DNA other than the promoter DNA for the native KGF operatively linked to the DNA

encoding the KGF protein.

55. A method of claim 54, wherein said DNA molecule comprises native DNA

encoding the KGF protein.

56. The method of any of claims 52 to 55, wherein said cell is an E. coli cell.
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18. Use of the KGF protein according to any of clains 1 to 15.for_preparing.
a  nedicanent for stinulating epithelial cells. Use of the KGF

protein according to any of clainms 1 to 15 for prepari ng}j ’u ﬁmmﬂm”"f
accel eration or inprovenment of wound healing involving t
20. Use of the KGF protein of claim19. wherein the nedi canent i< td

topically applied to the skin or eye. 93
REPLACEMENT SHEET

67. A method of producing KGF protein or chimeric protein of any of claims 1

to 14, or 21 to 24 comprising the following steps:
i) contacting a first solution comprising said protein with heparin
under conditions such that said protein binds to the heparin
whereby a heparin-protein complex is formed,

i) separating said heparin-protein complex from said first solution;

and

iii) dissociating said protein from the heparin-protein complex.

58. A method for determining the level of a KGF RNA transcript comprising

the steps of:
i) isolating mRNA from tissues or cells;
i) annealing said mRNA to a DNA probe encoding a KGF protein to
form a DNA:RNA hybrid; and

iil) determining the amount of said DNA:RNA hybrid.

59. A method for detecting a KGF protein in a sample comprising:
i) reacting polypeptides from body fluids or tissue samples with an

antibody of claim 28 to form an antibody-polypeptide complex; and

i) detecting said complex.
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-87-, 21.. . .Use of the KG- protein of claim19, wherein te nedi canent

s to be topically applied to the skin. 22.. A chineric protein
whi ch conpri smummn mmlll"m e pol ypeptide nolecule a functional domain
of KG-. proteim v et pRRel il 1 to 15, wherein the functional

94

60. A composition comprising KGF protein or chimeric protein of any of claims

1 to 14, or 21 to 24.
61. A method of stimulating epithelial cell growth in vitro comprising adding an

amount of the composition of claim 60 sufficient to stimulate epithelial cell growth.

62. The method of claim 61, wherein said cells are keratinocytes.
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25. : The chineric protein according to claim 24, wherein said functional
domain fromKGF is defined by am no acid residues nunbered 32 through 78 in
Figure 11-1 B and said pol ypeptide portion of aFG- is defined by the
carboxyl term nus of aFG-, beginning at residue nunber 39.
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26. . A pharmaceutical conposition conprising a chineric protein according
.to any of clainms 22 to 25, and a pharnmaceutically acceptable carrier.

27. Use of a chinmeric protei-n according to any of clainms 22 to 25 for
prepari ng 27- a nedicanent for treating conditions requiring
specific stinmulation of epithelial cells in the presence of heparin.

28. Use of a chineric protein according to any of clains 22 to 25 for

preparing, a medicament for accel &tion or inprovenent of wound healing
i nvol ving the

FIG. I-2B

94 —
87 -

43 ~
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epiderms. 29. Use of a chinmeric protein according to any of
clains 22 to 25 for preparing a nedicanent that is to be topically applied
to the skin or eye. 30. An antibody -specifically directed

agai nst KGF protein of any of clains 1 to 1 5. 31. The anti body
of claim 30 which neutralizes the mtogenic activity of human

KGF.
4/13
3 H-THYMIDINE INCORPORATION, cpm x 1073 (--}
8 8 <
o
’ ™~
w
{ ©
5l ' o
r,,,/' o
. -
o-’.,--—. - gl m
< _ o
e G e e — —'—;—'—- ° g
2 Ne =
2
P
(D‘. o 1D z
“ 5
‘_.
- 8 %
4 .
o 0
; Lor ]
Je
(o]
40
N
o o 1=
. 2 3 S
I (—) wu ¢iZ2 ‘IONVEUOSHY
H
O
-
[

REPLACEMENT SHEET |

B e el way




32.. The antibody of claim30 which is a polyclonal

. ant i body.
. -89 - 33. The anti body of claim30 which is a nonocl onal anti body.
- 34. The antibody of claim 30 which reacts agai nst the peptide
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NDMIPEQVATNVR. 35. A pharmaceutical conposition conprising at

1 east one antibody of claim 30 and a pharnmaceutically acceptable carrier.
36. Use of the antibody of any of clains 30 to 34 for preparing a

medi canent for treating conditions requiring specific inhibition of
stinmulation of epithelial cells by KG-. 37. A reconbi nant DNA

nol ecul e encodi ng a keratinocyte growh factor (KGF) protein conprising:
(a) the followi ng am no acid sequeng#3 (b) a portion
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of -the follow ng am no acid sequence without the N-term nal 31 am no acids,
or (c) an amno acid sequence that differs by the addition, deletion, or
substitution of one or, nore amno acids fromthe follow ng am no acid
sequence: MHKWI LTWI LPTLLYRSCFHI I CL VGTI SLA
CNDMTPEQMATNVNCS SPERHTRSYDYMEGGDI RVRR
LF CRTQWYLRI DKRGKVKGT

QEMKN NYNI MEI RTVAYV
Gl VAI KGVESEF 113 :
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39.
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stinmul ati on of BALBI MK keratinocyte cells exhibits I ess than 1/50th maxi ma

The reconbi nant DNA nol ecul e of claim 37, wherein the DNA nol ecul e
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of KG- for an epithelial

- of claim37, wherein the DNA nol ecul e
fi brobl ast s,
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The reconbi nant DNA nol ecul e of claim 37, wherein the DNA nol ecul e

I ncorporation of NIH 3T3 fibroblasts stinulated by aFG- or bFG-.
encodes a KGF protein wherein an anount of said protein that exhibits

1110t h maxi mal thym di ne
by EG-F or TGF- al pha.

maxi nmal

40.



T ——

.-91-. 41. The reconbi nant DNA nol ecul e of claim 37, wherein the
DNA nol ecul e encodes a KGF proten wherein the maxi mal stinmulation of
BALB/ MK ker ati nocytes by said protein obtained within the concentration
range of 0.1 to 3 nanonolar is at least twce that obtained with basic FG-
wi thin the sane concentration. range. 42. The reconbi nant DNA

nol ecul e of claim 37, wherein the DNA nol ecul e encodes. a KGF protein

whi ch has a specific activity of at |east about 3.4 x 10[err] units per
mlligramof protein, where one unif{/\8f activity is defined as that anmount
whi ch causes hal f of the maxi mal possible stinulation of DNA synthesis in

BALB/ MK ker ati nocyte

FIG. II-1C
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FVALNQKGI PVRG‘KKTKKEQKTA

- 92-
of claim10.
protein of daim 11.

44,

FIG.
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46.- A reconbi nant DNA nol ecul e which encodes the KG- protein of clai mgléz‘;”—gf‘x
47. A reconbi nant DNA nol ecul t he KG- protein of cl l£0% 13.
48. A reconbi nant DNA nol ecul &ﬁ ﬂﬂlﬂﬂ ﬂﬁ E he KG= protein of claim15.
49. . A reconbi.nant ‘DNA nol ecul e ch| rrerl c protein accdrdi ng
to claim 22. - : '

-81-

. CLAIMS : |
- -1'. - | An |solated glycosylated or unglyoosylated keratmocyxe growth
o factor (KGF) protem oompnsmg (a) the followmg ammo amd sequence (b) a portton
of the folt,owmg amino. acid sequeqoe wrthqut the N-__term(n_a,l 31 amino acids, or {c) an
- amino acid eequence that differs by ﬁe addiﬁen; deletion; o:r. seeetitution .of-:o'n'é or more .

. amino acids from the following amino acid sequence:

( KWILTWILPTLLYRSCFHIICL
TISLACNDMTPEQMATNVNCS
ERHTRSYDYMEGGDIRVRRLEF

TQWYLRIDKRGKVKGTQEMEKN

M
v
s
N
YLAMNKEGKLYAKKECNEDCNEFK
ELILENHYNTYASAKWTHNGGEM
E

H
G

P

R
YNIMEIRTVAVGIVAIKGVESEF
L

L
VALNQKGIPVRGKKTKKEQKTA
F

H LPMAIT

wherein said protein has a greater difference in fold stimulation of BALE. WK
keratinocyte cells relative to NIH/3T3 fibroblasts when compared to EGF, TGF-alpha,

aFGF, and bFGF, as measured by percent of maximal H*-thymidine incorporatic:.

2. The KGF protein of claim 1, wherein an amount of said protein tiiat
exhibits maximal stimulation of BALB/MK keratinocyte cells exhibits less than one-fold

stimulation of NIH/3T3 fibroblasts, as expressed as fold stimulation over backgrcund.

REPLACEMENT SHEET |
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50." A reconbi nant DNA rml ecul e which encodes a chineric protein according
to claim23. ) ~ A reconbi nant DNA nol ecul e which encodes a

chineric pr ot ei claim24. = . . 52. A reconbinant DNA
mol ecul e whi ch. ﬂ“mmm FMI I|| c protein according to claim25.
REPLACEMENT SHEET ¢ S o2 o S

L2 The KGF protem of claim 1, whereln an amount of saxd proteln that
' exhlbrts maxrmal stxmulatlon of BALBIMK keratmocyte cells exhubrts less than one-fold

sttmulatuon of NlHISTS ﬁbroblasts as expressed as fold stlmulatlon over background

3.— : The KGF protein of any of claims 1 or 2 wherem an amount of sald
' protem that exhcbris maxrmal stlmulatlon of BALBIMK keratlnocyte oells exhlbrts less
than 1/50th maxrmal thymrdme mcorporatlon of NlH13T3 fbroblasts stlmulateq by aFGF

or bFGF.

4.  The KGF protein of any of claims 1 or 2, wherein an amount of said
protein that exhibits maximal stimulation of BALB/MK keratinocyte cells exhibits less
than 1/10th maximal thymidine incorporation of NIH/3T3 fibroblasts stimulated EGF or

TGF-alpha.

5.  The KGF protein of clairn 1, wherein the maximal stimulation of BALB/MK
keratinocytes by said protein obtained within the concentration range of 0.1t0 3
nanomolar is at least twice that obtained with basic FGF within the same concentration

range.

6. The KGF protein of any of claims 1 or 2 which has a specific activity of at

least about 3.4 x 10¢ units per milligram of protein, where one unit of activity is defined

REPLACEMENT SHEET
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- 93- 53. A reconbi nant DNA nol ecul e conprising the DNA .of. any..of .-
clains 37 to 52 and a vector. 54. The reconbi nant DNA nol ecul e

vestor, "5 D Seauenci ng pi asm d vector ! & bac er""af’ * eﬂlﬂﬂﬂﬁﬂﬁlﬂl Iﬂmﬂﬂl
" _ . "—83~_

as that amount which causes half of the maxima( posslble shmulahon of DNA synthes&s -

in BALBIMK keratmocyte oells. as measured by fold stlmulatzon over background
- 7. The KGF protein of any of 'claim.s.'_-fl. to 6 which is g_l_-yeosyleted.'
- 8. _ The KGF prdtein of any.of daims_ 1to 6 w_hit':h_'is' 'no_t glyoosylated. .

9.  The KGF protein of any of claims 1 to'8 comprising thé amino acid

sequence:

CNDMTPEQMATNVNCS
SPERHTRSYDYMEGGDIRVRRLF
CRTQWYLRIDKRGKVKGTQEMK N
NYNIMEIRTVAVGIVAIKGVESEF
YLAMNKEGKLYAKKECNEDGCNFK
ELILENHYNTYASAKWTHNGGEM
F_VAL'NQKGIPV.RGKKTKKEQK;I'A
H

FLPMAIT.

10. The KGF protein of any of claims 1 to 8, comprising an amino acid
sequence differing by the addition, deletion, or substitution of one or more aminc acids
from the following amino acid sequence:

CNDMTPEQMATNVNCS

REPLACEMENT SHEET

? 2 APR 138




gene expression'vector' or a manmal i an gene expression vector. 55.

~ A reconbi nant h g a DNA nol ecul e of any of clains 37 to
- 52. . Mﬁ] IMTE! m ost cell conpri SI ng a reconbi nant: DNA
nol ecul e of any cclalns ' 57." The cell of ¢laim 55,

wherei'n said cell is a marrmal ian. cel I, _%Q_I nsect- cell, a yeast cell, or a
bacterial cell. .

'SPERHTRSYDYMEGGD!RVRRLF
CRTQWYLRIDKRGKVKGTQEMKN
-NYNIMEIRTVAVG(VAIKGVESEF.
'--YLAMNKEGKLYAKKECNEDCNFK'.

.-ELILENHYNTYASAKWTHNGGEM'_'
FVALNQKG!PVRGKKTKKEQKTA
HFLPMA!T_.

1.  The KGF protein of any of claims 1 o 8, comprising an amine acid
sequence differing by the addition, deletion, or substitution of one or more amirio acids
from the foﬁcwing amino acid sequence: |
MHK'W(LTWIILP.T'LLYR.S.C_FHIICL
VGTISLACNDMTPEQMATNVNCS
PERHTRSYDYMEGGDIRVRRLF
RTQWYLRIDKRGKVKGTOQEMKN
YNIMEIRTVAVGIVAIKGVESEEF

LAMNKEGKLYAKKEGCNEDCNFK

m < Z O

.n
m < -

ILENHYNTYASAKWTHNGGEM
ALNQKGIPVRGKKTKKEQKTA
LPMATIT.

REPLACEMENT SHEET |
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58. The cell of claim56 wherein said cell is a marrmalran cell, an inset
cell, a yeast cell, or a bacterial cell. A net hod of T

"produci ng KGF protein according to claim| conprisi ng cﬁ"]ﬂ“ﬂ”ﬂ“’
of any of clainms 55 to 58 in a culture medl um under con m,tcl
said proteinis.produced. - _
REPLACEMENT SHEET . P -85~ R L.
L 12 The KGF protem of any of clalms 1 to- 8 oompnsmg (') an N-termmal .-
| reglon whlch eompnses a sufﬁctent number of ammo aclds 32-64 of Flgure ll-1B to '
_ oonfer on the polypeptrde preferent:al mrtogemc actMty on cells of eplthehal ongm

' peptlde bonded to (n) a C-ten'nlnal regron whlch oompnses amino acrds 65—1 56 and _

161-189 of F_lgure II-1_ B.. .

13 The KGF protern of any of claims 1 0 8 oompnsrng (i).an N—termmal
region whrch comprises a sufﬁcrent number of ammo acrds 32-64 of Flgure ll 18 to
confer on the polypeptlde preferentlal mitogenic activity on cells of eplthelral ongln
peptide bonded to (u) a C-t_ermtnal regron ‘which compnses amino acids 65-194 of -

Figure (I-1B.

14. The KGF protein of any of claims 1 to 8, comprising a segment of the

following amino acid sequence:

HKWILTWIL-PTLLYRSCFHIICL'
GTISLACNDMTPEQMATNVNCS

PERHTRSYDYMEGGDIRVRRLF
RTQWYLRIDKRGKVKGTQEMEKN
YNIMEIRTVAVGIVAIKGVESTEFTF

LAMNEKEGKLYAKKECNEDT CNFK

m < Z2 O o < 2

LILENHYNTYASAKWTHNGG GEWM

REPLACEMENT SHEET
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-94- 60. The nethod of claim59 further conprising isolating the
KGF protei n. mJ llluum!l ﬁﬂ d of claim59, wherein said reconbinant

" DNA nol ecul e. co DNA ot her than the promoter DNA for the
native KGF oper at i Vel y I [ n ed to the DNA encodi hg the KG- protein.

-86- o . . . '._'_

FVALNQKG!PVRGKKTKKEQKTA
HFLPMAIT

15. The KGF pmtem of any of clasms 1 to 14 whereln said KGF protem '

a compnses Met at the ammo termmus

16. - A pharmaceutlcal composmon comprising at least one KGF proteiu

accordmg to any of dalms 1 to 15.

17. A pharmaceutical composition comprising at least one KGF protein
acoordiﬁg to any of claims 1 to 15 for acceleration or impxﬁvement of wound healing

involving the epidermis.

18.  Use of the KGF protein according to any of claims 1 to 15 for preparing a

medicament for stimulating epithelial cells.

19.  Use of the KGF protein according to any of claims 1 to 15 for prepating a

medicament for acceleration or improvement of wound healing involving the epidermis.

20. Use of the KGF protein of claim 19, wherein the medicament is t= bLig

topically applied to the skin or eye.

REPLACEMENT SHEET
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62. A method of claim61, wherein said reconbl nant DNA nol ecul e conprises

nati ve DNA encodi ng the KGF protein. The mtl“ﬂllﬂﬂﬂ'll"ﬂ“'lllll
~clainms 59 to 62, wherein said cell is an E CO|I ceII

met hod of produ0| ng -KGF protein or chimeric protein of any "of “cl &i nb.

15, or 22 to 25 corrprlsmgthefollovmng st eps: - 1)

contacting a first ;solution conprising said protein vmth heparin .

under  condi tions :such that said pr.ot ei rraﬁﬂ‘nds to the heparl n

mhereby a heparln proteln conplex i's forned;

_21.'. Use of the KGF protem of da(m 19 wherem the medtcament isto, be

; t0p|ca|!y applled to the skm

| -22- A chimenc protem whlch compnses wﬁhm a smgte bolypepuee mo!ecule a
o functtona! domam of KGF protem of any of dalms 1 to 15 wherem the functionai
. domam is deﬁned by ammo acuds responsible for the preferentual mrtogenic aciswty of
KGF for an eprtheﬂal oell and at least one other polypeptide portlon of the ﬁbrohlast

_ ‘growth factor fam:ly

23.  The chimeric protein of claim 22, wherein the fibroblast growth factor is

acidic fibroblast growth factor (aFGF).

24. - The chimeric protein of claim 23, wherein the polypeptide portion of aFGF
is defined by amino acid residues in that_portion of aFGF that is homologous to the

KGF eequence responsible for heparin sensitivity of KGF.

25. The chimeric protein according to claim 24, wherein said function'a!'
domain from KGF is defined by amino acid residues numbered 32 through 78 in: Figure
11-1B and said polypeptide portion of aFGF is defined by the carboxyl terminus of aFGF,

beginning at residue number 39.




ii) separating said heparin-protei n corrpl ex fromsaid first solution;

and ngmumujmguﬂ I(L“P said protein fromthe heparin-protein
- conpl ex. determ ning the IeveI of a KGF RNA
transcrlpt corrprlsmg ‘thé s eps of . , . . o

-—88- L LT

g 26. A pharmaceutucal composmon compnsanq a chlmenc protem acoordmg to

. any of claims 22 to 25 and a pharmaoeuhca!ly acceptable carrier. -

2_ Use of a chumenc protem accordmg to any of clalms 22 to 25 for prepanng '
a medxcament for treatlng condmons requmng spectfic stlmulatxon of eprthelxai célls i in o

the presenoe of hepann

- 28. Use of a chcmenc protem acoordmg to any of dalms 22 to 25 for prepanng '
a medscament for acce{erauon or improvement of wound heahng involving the -

emdemus.

29. Useofa chiméric protein according to any of claims 22 to 25 for preparing

a medicament that s to be topically applied to the skin or eye.

30. An antibody specifically directed against KGF protein of any of claims 1 to

15.

31. The antibody of claim 30 which neutralizes the mitogenic activity of human

KGF.

32. The antibody of claim 30 which is a polyclonal antibody.

"REPLACEMENT SHEET |
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-95- 1) I solating mMRNA fromtissues or-cell-s;-

i) annealing said mRnNA to a DNA probe encodi ng a KGF
forma DNA: RNA hybrid; and iii) deternini gﬂ@i mwlwmj

sai d .DNARNA hybrid. .. -. - 66. A nmethod for detecting
a sanpl e conprising: ' N ) react| ng poI ypepti des from body
fluids or tissue sanples with an _ _ antlbody of cIa|m31

to forman antibody- pol ypepti de corrpl ex; 8gmd

o '3_3._. The antabody of claim 30 whlch isa monoclonal anhbody

- 34, The antubody of claim 30 WhICh reacts agamst the pept(de
: NDMTPEQMATNVR.

. 35 _ A pharmaceutlcal composmon compnsmg at least one antabody of clalm

: -'j 30 and a phannaoeutxcally acceptable camer

36, Useof ihe aritibady 'df-__any 6f_ claiuﬁs 36 to 3.4'fo'r~ lp-'re;;aring a medi:cament |
for treating condiﬁor;s_ 're_qqi'ring specific inhibftion of -stfmulation. of épithelial cells by
KGF. | | |

37 A recombmant DNA mo!ecule enoodmg a keratinocyte growth factﬁr
(KGF) protein compnsmg (a) 'the following amino acid sequence, (b) a portlon of the
following amino acid sequence without the N-terminal 31 amino acids, or (c) an amino'
acid s_éqdence that differs by th_e addition, deletion, or substitution of one or more amino

acids from the following amino acid sequence:

MHKWILTWILPTLLYRSCFHIICL
VGTISLAGCNDMTPEQMATNVYVNCS

SPERHTRSYDYMEGGDIRVRRLEF
CRTQWYLRIDKRGKVKGTQEMKN

NYNIMEIRTVAVGIVAIKGVESEF
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i) detecting said conpl ex. nposi tion conprising KG-
protein or chineric protein of :““IIH "I Iﬂ wlﬂ\ln to 15, or22to 25.
'68. A nethod of stinulating epit*elci al grromt h in vitro conprising
addi ng an . anount -of . the conposition of cI aim67 sufficient to stinulate
epithelial cell growth. =~ . 69. The net hod of cI aim 68, wher ei n, sal d
cells are keratinocytes. S . _ . : -

T -90- - e

'YLAMNKEGKLYAKKECNEDCNFK'
ELILENHYNTYASAKWTHNGGEM
"FVALNQKGIPVRGKKTKKEQKTA'
'-H FL P M A (T
whereln said protem has a greater dn‘ference in fold st!mulatlon of BALBIMK L
-keratlnocyte cells relative to NIH/3T3 ﬁbroblasts when compared to EGF, TGF-alpha |

aFGF, and bFGF as measured by percent of maxumal H3- thymldme moorporatlon

38. The recombinant DNA molecule of claim 37, wherein the DNA molecule -
encodes a KGF protein wherein an amount of said protein that exhibits maximal
stimulation of BALB/MK keratinocyte cells exhibits less than one-fold stimulation of

NIH/3T3 fibroblasts, as expressed as fold stimulation over backgi'ound.

39. The recombinant DNA molecule of claim 37, wherein the DNA molecule
encodes a KGF protein wherein an amount of said protein that exhibits maximal :
stimulation of BALB/MK keratinocyte cells exhibits less than 1/50th maximal thymidine

incorporation of NIH/3T3 fibroblasts stimulated by aFGF or bFGF.

40. The recombinant DNA molecule of claim 37, wherein the DNA molecule
encodes a KGF protein wherein an amount of said protein that exhibits maximal -
stimulation of BALB/MK keratinocyte cells exhibits less than 1/10th maximal thymidine

incorporation of NIH/3T3 fibrablasts stimulated by EGF or TGF-alpha.
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70.- The KGF protein of claim1, wherein said preferential mtogenic--

activity is defined by a protein that has a greater di
'stimulation of BALB/ MK Kkeratinocyte cells relative to MNBIHWIIIB nﬁ‘m!,t S
when conpared to.EG-, TGF-al pha; aFGF and- b GF -as maaeuréd by e nma

H err]-thym di ne incorporation. =~ .

-96- . S 71, The KGF protel n - of cI aimi, V\/nerel n sal d functlonal
domai n conpri ses. ' ~91-

- M The recombmant DNA molecule of clalm 37, wherein tiie DNA molecule
| -enoodes aKGF proteln wherem the maxcmal stlmulatlon of BALBIMK keratmocytes by
' _sand protem obtamed W|th|n the ooncentratlon range of 0.1to 3 nanomolar IS atleast o

' twrce that obtamed wsth baSlc FGF WIthm the same concentratxon range S

| '42,. The reoombmant DNA molecute of clalm 37, whereln the DNA molecule
2 _ encodes a KGF protem whlch has a spectﬂc actmty of at least about 3. 4 p 4 10‘ umts per
» mdh_gram of protein, Where one unit of activity :s_.def ned as that amount whlch jcat_xses.
half of fhe maximal possible sfimu!ation_of-‘ DNA syntlhesis' in BALB/MK kefatinocyte

-cells, as measured by fold stimulation over background.

43. The recombinant DNA molecule of any of claims 37 to 42 which encodes

the amino acid sequence: -

DMTPEQMATNVNCS

ERHTRSYDYMEGGDIRVRRLE

N
p
RTQWYLRIDKRGKVKGTQEMEKN .
YNIMEIRTVAVGIVAIKGVESEEF
L

AMNKEGKLYAKKECNEDC CNTFK

-

ILENHYNTYASAKWTHNGGEM

VALNQKGIPVRGKKTKKEQKTA

I m m < Z O &6 O

FLPMAIT.
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amno acids 32-64 of Figure Il-1 B. 72. The KGF protein of claiml,

wherein said functional domain conprises amno acids ! Iﬂi lll- 1
B. 73. An isolated glycosylated or unglycosyl alﬂ“ﬁm I rlmwm
growh factor (KGF) protein conprising: (a) the followind afind atid

sequence, - (b) a portlon of the fol | owi ng .am no acid ‘sequence without the
N-terminal 31 am no acids, (c) an amno " acid sequence. that di ffers by
t he addi ti on, deletion, or- SubStItutIO-FBD-f one or nore amino aci ds from
the foll ow ng am no aci d sequence: :

' -' 44, A recombmant DNA molecu(e whtch en@es the KGF protem of clalm 10
- 45_-; g A reopmt?iﬁant DNAmolecule whlch e'qcéde_s_ t_r'i_"e'. KGF prd@ei'n ofda:m 1 1 . |
4. A _r'egosﬁpiharit_EpNA @dféqgl_e wéich encodss .me_féep'_p@tém df..b!aifr.t_ 12.
47. 'A.r.ecoi'nbinént ﬁNA'méléggle thch 'eﬁ?odeé the K(.S..F' ?fofein of:t_;léi_im.13..
48.. A fecombiﬁgnt DNA r_n_élecgle_ %im' enﬁodes thel'K_GF protein ?f eléim 15.

49. Arecombinant DNA molecule which encodes a chimeric protein atcording

to claim 22.

50. A recombinant DNA molecule which encodes a chimeric protein according

to claim 23.

51. A recombinant DNA molecule which encodes a chimeric protein at_:_:cording

to claim 24.

52. A recombinant DNA molecule which encodes a chimeric protein accurdiﬁg

to claim 25.
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' 53; A reoombmant DNA molecule compnsmg the DNA of any of clalms 37to

: 52 and a vector

54. | The reoombmant DNA molecule of clalm 53 wherem sald vector is a o

. plasmxd a bactenophage clonlng vector a DNA sequencmg plasmcd vector. a bactenal .

- gene express:on vector, ora _mammalaa_n -gene express:on_vectqr.- -

55, A.ré_dombinant host cell 'éor_nprising a DNA molecule ofany'of claims 37t0 -
52.

56. A recombinant host cell comprising a recombinant DNA molecule of any

of claims 53 or 54.

57. The cell of claim 55, wherein said cell is a mammalian cell, an 'insect cell,

a yeast cell, or a bacterial cell.

58.  The cell of claim 56 wherein said cell is a mammalian cell, an ins_e?:l: cell, a

yeast cell, or a bacterial cell.

59. A method of producing KGF protein according to claim 1 comprising
culturing the cell of any of claims 55 to 58 in a culture medium under conditions such

that said protein is produced.
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wherein said KG- protein reacts with an antibody that is specific for a
protein conprising the am no acid sequence in (a).

-97 - 74. A reconbi nant DNA nol ecul e encodin
am o aci d sequence. () a portion T \\Hﬂl\\ IX\i\l\ﬁ\l\NNbg

~94-

" 60. The method of claim 59 further comprising isolating the KGF protéin.

- 61. ,' A method of darm 59, wherem said reoombinant DNA moleou!e oompnses
a promoter DNA other than the promoter DNA for the natrve KGF operatwely lmked to

. the DNA enoodmg the KGF protein:

62. A method of cléim 61, whereln said reoornbinant DNA molecule comprises

- ‘native DNA encoding the KGF'protein. o
63. The method of any of claims 59 to 62, whereln said cellis an E. coficell. -

' 64. A method of producing KGF protein or chimeric protein of any of claims 1
to 15, or 22 to 25 comprising the following. steps: |
i) oontacting a first solution comprising said protein with hopalfin
under conditions such that said protein binds to the heparin
whereby a heparin-pratein complex is formed; |
i) separating said heparin-protein complex from said first solution;
and

iif) dissociéting said protein from the heparin-protein complex.

65. A method for determining the level of 2 KGF RNA transcript comprising

the steps of:

REPLACEMENT SHEET
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of " the followi ng am no acid sequence w thout the N-terninal 31 am' n@ aci ds,
or (¢) an anmino acid sequence that differs by the addltlon or
"~ substitution of one or nmore amno acids fromthe ml“ﬂ“@ l Cld
sequence: MHKWI LTWI LPTLLYRSCEF | SL A
CNDMTPEQMATNVNCS SPE&,HTRSYDY (EGDI RVRR
LF CRTQ W Y-LRI DKRGKVKGTQ EM KN NYN-

E |
VA'\_/-G-IVA'IKGVESEF YLAMNKEG KLYAKKECNE
N F K : :

RT
DC
'. ) : ."__|solatmg mRNA from t:ssues or cells, - -
- ii.)" _ .annealmg said mRNA to a DNA probé enoodmg a KGF pi'iotem. to -

~ " form a DNA:RNA hybnd and |

i) 'detenmnmg the amount of sa(d DNA.RNA hybnd

| 66. A method for detectmg a KGF protein ina sample compnsing
i) ' reactmg polypeptldes from body fluids or tlssue samp!es wyth an
~antibody of claim 31to form an antlbody-pqupeptxde mﬁlglgx; and

- i) detecting said oomﬁlex.

67. A composition comprising KGF protein or chimeric protein of any of claims

110 15, or 22 to 25.

68. A method of stimulating epithelial cell growth in vitro comprising’ adding an

“amount of the composition of claim 67 sufficient to stimulate epithelial cell growth.

' 69. The method of claim 68, wherein said cells are keratinocytes.
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EL I L N YNTYASAKW TH NGG EM FVALNQKGI”POSVRG
E K

E NH
KKTKKEQKTA HFLPMAI T mmmulum ' id KGF protein
reacts with an antibody that is specifi :uﬂl"mlacohpri sing the
am no acid sequence in (a). 78. A net hbd of *produci ng KGF protein
according to claim 71 conprising culturing a reconbi nant host cell in a
cul ture nedi um under conditions such that said protein is produced,
wherein said reconbi nant host cell conprises a DNA nol ecul e encodi ng a

keratinocyte growh factor (KG) proteth conprising: (a) the follow ng

CLAIMS:

1. An isolated glycosylated or unglycosylated keratinocyte growth
factor (KGF) protein comprising: (a) the following amino acid sequence, (b) a porﬁon.
of the following amino acid sequence without the N-terminal 31 amino acids, or (¢) an
amino acid sequence that differs by the addition, deletion, or substitution of one or more

amino acids from the following amino acid sequence:

HKWILTWILPTLLYRSCFHIICL
TISLACNDMTPEQMATNVNCS
ERHTRSYDYMEGGDIRVRRLTF

TQWYLRIDKRGKVKGTQEMIKN

< A UV @

NIMEIRTVAVGIVAIKGVESETF
LAMNKEGKLYAKKECNEDTG CNTFK
LILENHYNTYASAKWTHNGGEM
VALNQKGIPVRGKKTKKEQKTA

I m m < Z O 00 < Z

FLPMAIT
, wherein sald KGF protein has a functional domain comprising the amino acids
of sequence in (a) that are responsible for the preferential mitogenic activity of KGF for

an epithelial cell.

2. The KGF protein of claim 1, wherein an amount of said protein that
exhibits maximal stimulation of BALB/MK keratinocyte cells exhibits less than one-fold
stimulation of NIH/3T3 fibroblasls, as expressed as fold stimulation over background.
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- 98- ami no acid sequence. (b) a portion of the follow.ng._amno acid

sequence without the N termnal 31 amino acids, or (?{I n amno acid
OGO
c L M ) *

* sequence that differs by the addition,

*

-89-

33.  The antibody of claim 30 which is a monoclonal antibody.

34. The antibody of claim 30 which reacts against the peptide

NDMTPEQMATNVR.

35. A phamaceutical corr{position comprising at least one antibody of claim

30 and a pharmaceutically acceptable barrier.

36. Use of the antibody of any of claims 30 to 34 for preparing a medicament

for treating conditions requiring specific inhibition of stimulation of epithelial cells by

KGF.

37. A recombinant DNA molecule encoding a keratinocyte growth factor

(KGF) protein comprising: (a) the following amino acid sequence, (b) a portion
of the following amino acid sequence without the N-terminal 31 amino acids, or (c)

an amino acid sequence that differs by the addition, deletion, or substitution of one

or,more amino acids from the following amino acid sequence:

MHKWILTWILPTLLYRSCFHIICL
GTISLACNDMTPEQMATNVNTCS
PERHTRSYDYMEGGDIRVRRLEF

RTAQWYLRIDKRGKVKGTAQEMEK KN

2 0O u <

YNIMEIRTVAVGIVAIKGVESEHF
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or substitution of one or nore amino acids fromthe followng

KG VES EF YLAMNKEGKLY
HYNTYASAKWTHNGGEM FV
TKKEQKTA -90-

T'OWYLRI DKRGKVKGTQEMKN NYN
A A K K
E N ALN

YLAMNEKEGKLYAKKECNEDGCNFK
ELILENHYNTVYASAKWTHNGGEM
FVALNQKGIPVRGKKTKKEQKTA
HFLPMAILT

, wherein said KGF protein has a functional domain comprising the amino

acids of sequence in (a) that are responsible for the preferential mitogenic activity

of KGF.for an epithelial cell.

38. The recombinant DNA molecule of claim 37, wherein the DNA molecule
encodes a KGF protein wherein an amount of said protein that exhibits maximatl
stimulation of BALB/MK keratinocyte cells exhibits less than one-fold stimulation of

NIH/3T3 fibroblasts, as expressed as fold stimulation over background.

39. The recombinant DNA molecule of claim 37, wherein the DNA molecule
encodes a KGF protein wherein an amount of said protein that exhibits maximal
stimulation of BALB/MK keratinocyte cells exhibits less than 1/50th maximal thymidine

incorporation of NIH/3T3 fibroblasts stimulated by aFGF or bFGF.

40. The recombinant DNA molecule of claim 37, wherein the DNA molecule
encodes a KGF protein wherein an amount of said protein that exhibits maximal
stimulation of BALB/MK keratinocyte cells exhibits less than 1/10th maximal thymidine

incorporation of NIH/3T3 fibroblasts stimulated by EGF or TGF-alpha.

i no aci d sequﬂ' uluu“ ‘ljml LTWILPTLLYRSCFHI I CL
| C NVNCS SPERHTRSYDYMEGG

E
Q

Vv

M
CN
K G

2 R ANG 1938
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HFLPMAI T ,Wherein said KG- protein reacts with an antibody

~that is specific or a prote| n conprising the amno acid’ sec“uence in ‘“f

-95-

i) isolating mRNA from tissues or cells;
it) annealing said mRNA to a DNA probe encoding a KGF protein to
form a DNA:RNA hybrid; and

i) - determining the amount of said DNA:RNA hybrid.

66. A method for detecting a KGF protein in a sample comprising:
i) . reacting polypeptides from body fluids or tissue samples wijth an
antibody of claim 31 fo form an antibody-polypeptide cornplex; and

i) detecting said complex.

67. A composition comprising KGF protein or chimeric protein of any of claims

110 15, or 22 to 25.

68. A method of stimulating epithelial cell growth in vitro comprising adding an

amount of the composition of claim 67 sufficient to stimulate epithelial cell growth.

69. The method of claim 68, wherein said cells are keratinocytes.

70.  The KGF protein of claim 1, wherein said preferential mitogenic activity is
defined by a protein that has a greater difference in fold stimulation of BALB/MK
keratinocyte cells relative to NIH/3T3 fibroblasts when compared to EGF, TGF-alpha,

aFGF, and bFGF, as measured by maximal H*-thymidine incorporation.
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71.  The KGF protein of claim 1, wherein said functional domain comprises

amino acids 32-64 of Figure Ii-1B.

72.  The KGF protein of claim 1, wherein said functional domain comprises

amino acids 32-78 of Figure I-1B.

73.  Anisolated glycosylated or unglycosylated keratinocyte growth factor
(KGF) protein cor{.xprising: (a) the following amino acid sequence, (b) a portion of the
following amino acid sequence without the N-terminal 31 amino acids, or (c) an amino
acid sequence that differs by the addition, deletion, or substitution of one or more amino

acids from the following amino acid sequence:

KWILTWILPTLLYRSCFHIICL
TISLACNDMTPEQMATNVNCS
ERHTRSYDYMEGGDIRVRRLEF

TQWYLRIDKRGKVKGTQEMEKN

AMNKEGKLYAKKECNEDTG CNEFK
ILENHYNTYASAKWTHNGGEM

H
G

P

R
YNIMEIRTVAVGIVAIKGVESEF
L

L
VALNQKGIPVRGKKTKKEQKTA
) .

I m m <X Z O v < =g

LPMAILT

, wherein said KGF protein reacts with an antibody that is specific for a protein

comprising the amino acid sequence in (a).
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-97-

74. A recombinant DNA molecule encoding a keratinocyte growth
factor (KGF) protein comprising: (a) the following amino acid sequence, (b) a portion
of the following amino acid sequence without the N-terminal 31 amino acids, or (¢) an
amino acid sequence that differs by the addition, deletion, or substitution of one or more

amino acids from the following amino acid sequence:

MHKWILTWILPTLLYRSCFHIICL
VGTISLACNODMTPEQMATNVNCS
SP'ERHTRS.YDYMEGGDlRVRRLF
CRTQWYLRIDKRGKVKGTQEMEKN
NYNIMEIRTVAVGIVAIKGVESTETF
YLAMNKEGKLYAKKECNEDT CNFK
ELILENHYNTYASAKWTHNGG GEM
FVALNQKGIPVRGKKTKKEQKTA
HFLPMAIT

, wherein said KGF protein reacts with an antibody that is specific for a protein

comprising the amino acid sequence in (a).

75. A method of producing KGF protein according to claim 71 comprising
culturing a recombinant host cell in a culture medium under conditions such that said -
protein is produced, wherein said recombinant host cell comprises a DNA molecule
encoding a keratinocyte growth factor (KGF) protein comprising: (a) the following

| REPLACEMENT SHEET
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-98-

amino acid sequence, (b) a portion of the following amino acid sequence without the N-
terminal 31 amino acids, or (c) an amino acid sequence that differs by the addition,

deletion, or substitution of one or more amino acids from the following amino acid

sequence:

WILTWILPTLLYRSCFHIICL

K
TISLACNDMTPEQMATNVNECS
ERHTRSYDYMEGGDIRVRRLFTF
T

QWYLRIDKRGKVKGTQEMKN

NIMEIRTVAVGIVAIKGVESEHTF

r < XX T & =T

AMNKEGKLYAKKECNEDC CNFK
ILENHYNTYASAKWTHNGGEM

-

VALNQKGIPVRGKKTKKEQKTA

I T m < Z2 0O »w < =

FLPMAIT

, wherein said KGF protein reacts with an antibody that is specific for a protein

comprising the amino acid sequence in (a).
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