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GLIAL MITOGENIC FACTORS, THEIR PREPARATION AND USE

Cross Reference to Related Application
This application is a continuation-in-part of Serial
No. 07/965,173, filed October 23, 1992, Serial No.
07/940,389, filed September 3, 1992, Serial No.
07/907,138, filed June 30, 1992 and Serial No.
07/863,703, filed April 3, 1992.

Background of the Invention
- This invention relates to polypeptides found in

vertebrate species, which polypeptides are mitogenic
growth factors for glial cells, including Schwann cells.
The invention is also concerned with processes capable of
producing such factors, and the therapeutic application
of such factors.

The glial cells of vertebrates constitute the
specialized connective tissue of the central and
peripheral nervous systems. Important glial cells
include Schwann cells which provide metabolic support for
neurons and which provide myelin sheathing around the
axons of certain peripheral neurons, thereby forming
individual nerve fibers. Schwann cells support neurons
and provide a sheath effect by forming concentric layers
of membrane around adjacent neural axons, twisting as
they develop around the axons. These myelin sheaths are
a susceptible element of many nerve fibers, and damage to
Schwann cells, or failure in growth and development, can
be associated with significant demyelination or nerve
degeneration characteristic of a number of peripheral
nervous system diseases and disorders. In the
development of the nervous system, it has become apparent
that cells require various factors to regulate their
division and gfowth, and various such factors have been
identified in recent years, including some found to have
an effect on Schwann cell division or development.
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Thus, Brockes et al., inter alia, in J.
Neuroscience, 4 (1984) 75-83 describe a protein growth
factor present in extracts from bovine brain and
pituitary tissue, which was named Glial Growth Factor
(GGF). This factor stimulated cultured rat Schwann cells
to divide against a background medium containing ten
percent fetal calf serum. The factor was also described
as having a molecular weight of 31,000 Daltons and as
readily dimerizing. In Meth. Enz., 147 (1987), 217-225,
Brockes describes a Schwann cell-based assay for GGF.

 Brockes et al., supra, also describes a method of
purification of GGF to apparent homogeneity. In brief,
one large-scale purification method described involves
extraction of the lyophilized bovine anterior lobes and
chromatography of material obtained thereby using NaCl
gradient elution from CM cellulose. Gel filtration is
then carried out with an Ultrogel column, followed by
elution from a phosphocellulose column, and finally,
small-scale SDS gel electrophoresis. Alternatively, the
CM-cellulose material was applied directly to a
phosphocellulose column, fractions from the column were
pooled and purified by preparative native gel
electrophoresis, followed by a final SDS gel
electrophoresis.

Brockes et al. observe that in previously reported
gel filtration experiments (Brockes et al., J. Biol.
Chem. 255 (1980) 8374-8377), the major peak of growth
factor activity was observed to migrate with a molecular
weight of 56,000 Daltons, whereas in the first of the
above-described procedures activity was predominantly
observed at molecular weight 31,000. It is reported that
the GGF dimer is largely removed as a result of the
gradient elution from CM-cellulose in this procedure.

Benveniste et al. (PNAS, 82 (1985), 3930-3934)
describes a T lymphocyte-derived glial growth promoting
factor. This factor, under reducing conditions, exhibits

a change in apparent molecular weight on SDS gels.
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Kimura et al. (Nature, 348 (1990), 257-260) describe
a factor they term Schwannoma-derived growth factor
(SDGF) which is obtained from a sciatic nerve sheath
tumor. The authors state that SDGF does not stimulate
the incorporation of tritium-labelled TdR into cultured
Schwann cells under conditions where, in contrast,
partially purified pituitary fraction containing GGF is
active. SDGF has an apparent molecular weight of between
31,000 and 35,000.

Davis and Stroobant (J. Cell. Biol., 110 (1990),
1353-1360) describe the screening of a number of
candidate mitogens. Rat Schwann cells were used, the
chosen candidate substances being examined for their
ability to stimulate DNA synthesis in the Schwann cells
in the presence of 10% FCS (fetal calf serum), with and
without forskolin. One of the factors tested was
GGF-carboxymethyl cellulose fraction (GGF-CM), which was
mitogenic in the presence of FCS, with and without
forskolin. The work revealed that in the pfesence of
forskolin, inter alia, platelet derived growth factor
(PDGF) was a potent mitogen for Schwann cells, PDGF
having previously been thought. to have no effect on
Schwann cells.

Holmes et al. Science (1992) 256: 1205 and Wen et
al. Cell (1992) 69: 559 demonstrate that DNA sequences
which encode proteins binding to a receptor (p185°*82) are
associated with several human tumors.

The p185°™ protein is a 185 kilodalton membrane
spanning protein with tyrosine kinase activity. The
protein is encoded by the erbB2 proto-oncogene (Yarden
and Ullrich Ann. Rev. Biochem. 57: 443 (1988)). The
erbB2 gene, also referred to as HER-2 (in human cells)
and neu (in rat cells), is closely related to the
receptor for epidermal growth factor (EGF). Recent
evidence indicates that proteins which interact with (and
activate the kinase of) p185°™® induce proliferation in
the cells bearing p185°*" (Holmes et al. Science 256: 1205
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(1992); Dobashi et al. Proc. Natl. Acad. Sci. 88: 8582
(1991); Lupu et al. Proc. Natl. Acad. Sci. 89: 2287
(1992)). Furthermore, it is evident that the gene
encoding p185°®® binding proteins produces a number of
variably-sized, differentially-spliced RNA transcripts
that give rise to a series of proteins, which are of
different lengths and contain some common peptide
sequences and some unique peptide sequences. This is
supported by the differentially-spliced RNA transcripts
recoverable from human breast cancer (MDA-MB-231) (Holmes
et al. Science 256: 1205 (1992) ). Further support
derives from the wide size range of proteins which act as
(as disclosed herein) ligands for the p185°5 receptor

(see below).

Summary of the Invention
In general the invention provides methods for

stimulating glial cell (in particular, Schwann cell and
glia of the central nervous system) mitogenesis, as well
as new proteins exhibiting such glial cell mitogenic
activity. 1In addition, DNA encoding these proteins and
antibodies which bind these and related proteins are
provided.

The novel proteins of the invention include
alternative splicing products of sequences encoding known
polypeptides. Generally, these known proteins are
members of the GGF/p185°°®’ family of proteins.

Specifically, the invention provides polypeptides of
a specified formula, and DNA sequences encoding those
polypeptides. The polypeptides have the formula

WYBAZCX

wherein WYBAZCX is composed of the amino acid
sequences shown in Figure 31 (SEQ ID Nos. 136-139, 141-
147, 160, 161); wherein W comprises the polypeptide
segment F, or is absent; wherein Y comprises the
polypeptide segment E, or is absent; wherein Z comprises

the polypeptide segment G or is absent; and wherein X
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comprises the polypeptide segments C/D HKL, C/D H, C/D
HL, C/D D, C/D’ HL, C/D’ HKL, C/D’ H, C/D’ D, C/D C/D’
HKL, ¢/D ¢/D’ H, C¢/D ¢/D’ HL, C/D C¢/D’ D, C/D D’ H, C/D
D’ HL, ¢/D D’ HKL, ¢/D’ D’ H, ¢/D’ D’ HL, C/D’ D’ HKL,
¢c/D ¢/D’ D’ H, ¢/D C/D’ D’ HL, or C/D C/D’ D’ HKL;
provided that, either ‘

a) at least one of F, Y, B, A, Z, C, or X is of
bovine origin; or

b) Y comprises the polypeptide segment E; or

C) X comprises the polypeptide segments C/D HKL, C/D
D, ¢/D’ HKL, C/D C/D’ HKL, ¢/D ¢/D’ D, ¢/D D’ H, C/D D’
HL, ¢/D D’ HKL, C¢/D’ D’ H, C/D’ D’ HKL, C¢/D ¢/D’ D’ H,
¢/b ¢/D’ D' HL, C/D C/D’ D’ HKL, C/D’H, C¢/D C/D'H, or C/D
Cc/D’ HL.

In addition, the invention includes the DNA sequence
comprising coding segments SFBAY as well as the with
corresponding polypeptide segments having the amino acid
sequences shown in Figure 31 (SEQ ID Nos. 136, 138, 139);

the DNA sequence comprising the coding segments
FBA’* as well as the corresponding polypeptide segments
having the amino acid sequences shown in Figure 31 (SEQ
ID Nos. 136, 138, 140); ‘

the DNA sequence comprising the coding segments
“FEBA’ as well as the corresponding polypeptide segments
having the amino acid sequences shown in Figure 31 (SEQ
ID Nos. 136-139);

the DNA sequence comprising the coding segments
“FEBA’* as well as the corresponding polypeptide segments
having the amino acid sequences shown in Figure 31 (SEQ
ID Nos. 136-138, 140); and

the DNA sequence comprising the polypeptide coding
segments of the GGF2HBS5 cDNA clone (ATCC Deposit No.
75298, deposited September 2, 1992).

The invention further includes peptides of the
formula FBA, FEBA, FBA’ FEBA’ and DNA sequences encoding
these peptides wherein the polypeptide segments
correspond to amino acid sequences shown in Figure 31,
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SEQ ID Nos. (136, 138 and 139), (136-139) and (136, 138
and 140) and (136-138 and 140) respectively. The
polypeptide purified GGF-II polypeptide (SEQ ID No. 167)
is also included as a part of the invention.

Further included as an aspect of the invention are
peptides and DNA encoding such peptides which are useful
for the treatment of glia and in particular
oligodendrocytes, microglia and astrocytes, of the
central nervous system and methods for the administration
of these peptides.

The invention further includes vectors including DNA
sequences which encode the amino acid sequences, as
defined above. Also included are a host cell containing
the isolated DNA encoding the amino acid sequences, as
defined above. The invention further includes those
compounds which bind the p185°"® receptor and stimulate
glial cell mitogenesis in vivo and/or in vitro.

Also a part of the invention are antibodies to the
novel peptides described herein. 1In addition, antibodies
to any of the peptides described herein may be used for
the purification of polypeptides described herein. The
antibodies to the polypeptides may also be used for the
therapeutic inhibitor of glial cell mitogenesis.

The invention further provides a method for
stimulating glial cell mitogenesis comprising contacting
glial cells with a polypeptide defined by the formula

WYBAZCX

wherein WYBAZCX is composed of the polypeptide
segments shown in Figure 31 (SEQ ID Nos. 136-139, 141-
147, 160, 161); wherein W comprises the polypeptide
segment F, or is absent wherein Y comprises the
polypeptide segment E, or is absent; wherein Z comprises
the polypeptide segment G or is absent; and wherein X
comprises the polypeptide segment C/D HKL, C/D H, C/D HL,
¢/D D, ¢/D’ HL, C/D’ HKL, ¢/D’ H, ¢/D’ D, C/D C/D’ HKL,
¢/b ¢/D’ H, C/D C¢/D’ HL, ¢/D ¢/D’ D, C¢/D D’ H, C/D D’ HL,



WO 94/00140 PCT/US93/06228

10

20

30

7

c/D D’ HKL, C/D’ D’ H, ¢/D’ D’ HL, C/D’ D’ HKL, C/D C/D’
D’ H, ¢/D ¢/D’ D’ HL, or C/D C/D’ D’ HKL.

The invention also includes a method for the
preparation of a glial cell mitogenic factor which
consist of culturing modified host cells as defined above
under conditions permitting expression of the DNA
sequences of the invention.

The peptides of the invention can be used to make a
pharmaceutical or veterinary formulation for
pharmaceutical or veterinary use. Optionally, the
formulation may be used together with an acceptable
diluent, carrier or excipient and/or in unit dosage form.

A method for stimuléting mitogenesis of a glial cell
by contacting the glial cell with a polypeptide defined
above as a glial cell mitogen in vivo or in vitro is also
an aspect of the invention. A method for producing a
glial cell mitogenic effect in a vertebrate (preferably a
mammal, more preferably a human) by administering an
effective amount of a polypeptide as defined is also a
component of the invention.

Methods for treatment of diseases and disorders
using the polypeptides described are also a part of the
invention. For instance, a method of treatment or
prophylaxis for a nervous disease or disorder can be
effected with the polypeptides described. Also included
are a method for the prophylaxis or treatment of a
pathophysiological condition of the nervous system in
which a cell type is involved which is sensitive or
responsive to a polypeptide as defined are a part of the
invention.

Included in the invention as_well, are methods for
treatment when the condition involves peripheral nerve
damage; nerve damage in the central nervous system;
neurodegenerative disorders; demyelination in peripheral
or central nervous system; or damage or loss of Schwann
cells, oligodendrocytes, microglia, or astrocytes. For

example, a neuropathy of sensory or motor nerve fibers;
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or the treatment of a neurodegenerative disorder are
included. 1In any of these cases, treatment consists of
administering an effective amount of the polypeptide.

The invention also includes a method for inducing
neural regeneration and/or repair by administering an
effective amount of a polypeptide as defined above. Such
a medicament is made by administering the polypeptide
with a pharmaceutically effective carrier.

The invention includes the use of a polypeptide as
defined above in the manufacture of a medicament.

The invention further includes the use of a
polypeptide as defined above

-to immunize a mammal for producing antibodies,
which can optionally be used for therapeutic or
diagnostic purposes

-in a competitive assay to identify or quantify
molecules having receptor binding characteristics
corresponding to those of the polypeptide; and/or

-for contacting a sample with a polypeptide, as
mentioned above, along with a receptor capable of binding
specifically to the polypeptide for the purpose of
detecting competitive inhibition of binding to the
polypeptide.

-in an affinity isolation process, optionally
affinity chromatography, for the separation of a
corresponding receptor.

The invention also includes a method for the
prophylaxis or treatment of a glial tumor. This method
consists of administering an effective amount of a
substance which inhibits the binding of a factor as
defined by the peptides above. _

Furthermore, the invention includes a method of
stimulating glial cell mitogenic activity by the
application to the glial cell of a

-30 kD polypeptide factor isolated from the MDA - MB

231 human breast cell line; or
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-35 KD polypeptide factor isolated from the rat I-EJ
transformed fibroblast cell line to the glial cell or

-75 XD polypeptide factor isolated from the SKBR-3
human breast cell line; or

-44 kD polypeptide factor isolated from the rat I-EJ
transformed fibroblast cell line; or

-25kD polypeptide factor isolated from activated
mouse peritoneal macrophages; or

=45 kD polypeptide factor isolated from the MDA - MB
231 human breast cell; or

=7 to 14 kD polypeptide factor isolated from the
ATL-2 human T-cell line to the glial cell; or

-25 kD polypeptide factor isolated from the bovine
kidney cells; or

- =42 kD polypeptide factor (ARIA) isolated from
brains.

The invention further includes a method for the use
of the EGFL1, EGFL2, EGFL3, EGFL4, EGFL5, and EGFL6
polypeptides, Figure 38 to 43 and SEQ ID Nos. 154 to 159,
respectively, for the stimulation of glial cell
mitogenesis in vivo and in vitro.

Also included in the invention is the administration
of the GGF-II polypeptide whose sequence is shown in
Figure 45 for the stimulation of glial cell mitogenesis.

An additional aspect of the invention includes the
use of the above-referenced peptides for the purpose of
stimulating Schwann cells to produce growth factors which
may, in turn, be harvested for scientific or therapeutic
use.

Furthermore, the peptides described herein may be
used to induce central glial proliferation and
remyelination for treatment of diseases, e.g., MS, where
re-myelination is desired. '

In an additional aspect of the invention, the novel
polypeptides described herein may be used to stimulate
the synthesis of acetylcholine receptors.
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As mentioned above, the invention provides new glial
growth factors from mammalian sources, including bovine
and human, which are distinguished from known factors.
These factors are mitogenic for Schwann cells against a
background of fetal calf plasma (FCP). The invention
also provides processes for the preparation of these
factors:—and an improved method for defining activity of
these and other factors. Therapeutic application of the
factors is a further significant aspect of fhe invention.

Thus, important aspects of the invention are:

(a) a basic polypeptide factor having glial cell
mitogenic activity, more specifically, Schwann cell
mitogenic activity in the presence of fetal calf plasma,
a molecular weight of from about 30 kD to about 36 kD,
and including within its amino acid sequence'any one or
more of the following peptide sequences:

FKGDAHTE

ASLADEYEYMZXK
TETSSSGLXLK
ASLADEYEYMREK
AGYFAEXAR
TTEMASEQGA
AKEALAALK
FVLQAKEK
ETQPDPGOQILKKVPMVIGAYT
EYKCLKFKWFEKEKATVYM
EXKFYVP
KLEFLXAK; and

(b) a basic polypeptide factor which stimulates
glial cell mitogenesis, particularly the division of
Schwann cells, in the presence of fetal calf plasma, has
a molecular weight of from about 55 kKD to about 63 kD,
and including within its amino acid sequence any one or
more of the following peptide sequences:

VHQVWAAK

YIFFMEPEAXSSG

LGAWGPPAFPVIXY
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WFVVIEGHK
ASPVSVGSVQELQR
VCLLTVAALPPT
KVHQVWAAK
KASLADSGEYMXK
DLLLXV
EGKVHPQRRGALDRK
PSCGRLEKEDSRYIFFME
ELNRKNKPQNTIKTIOQKEK

The novel peptide sequences set out above, derived
from the smaller molecular weight polypeptide factor, and
from the larger molecular weight polypeptide factor, are
also aspects of this invention in their own right. These
sequences are useful as probe sources for polypeptide
factors of the invention, for investigating, isolating or
preparing such factors (or corresponding gene segquences)
from a range of different species, or preparing such
factors by recombinant technology, and in the generation
of corresponding antibodies, by conventional
technologies, preferably monoclonal antibodies, which are
themselves useful investigative tools and are possible
therapeutics. The invention also includes an isolated
glial cell mitogenic activity encoding gene sequence, or
fragment thereof, obtainable by the methods set out above
for the novel peptide sequences of the invention.

The availability of short peptides from the highly
purified factors of the invention has enabled additional
sequences to be determined (see Examples to follow).

Thus, the invention further embraces a polypeptide
factor having glial cell mitogenic activity and including
an amino acid seguence encoded by:

(a) a DNA sequence shown in any one of Figures 28a,
28b or 28c, SEQ ID Nos. 133-135, respectively;
| (b) a DNA sequence shown in Figure 22, SEQ ID No.
89;
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(c) the DNA sequence represented by nucleotides
281-557 of the sequence shown in Figure 28a, SEQ ID No.
133; or

(d) a DNA sequence hybridizable to any one of the
DNA sequences according to (a), (b) or (c).

The invention further includes sequences which have
greater than 60%, preferably 80%, sequence identity of
homology to the sequences indicated above.

While the present invention is not limited to a
particular set of hybridization conditions, the following
protocol gives general guidance which may, if desired, be
followed:

DNA probes may be labelled to high specific activity
(approximately 10® to 10°*Pdmp/ug) by nick-translation or
by PCR reactions according to Schowalter and Sommer
(Anal. Biochem., 177:90-94, 1989) and purified by
desalting on G-150 Sephadex columns. Probes may be
denatured (10 minutes in boiling water followed by
immersion into ice water), then added to hybridization
solutions of 80% buffer B (2g polyvinylpyrolidine, 2g
Ficoll-400, 2g bovine serum albumin, 50ml 1 M Tris HCL
(pH 7.5), 58g NaCl, 1g sodium pyrophosphate, 10g sodium
dodecyl sulfate, 950ml H,0) containing 10% dextran sulfate
at 10° dpm *P per ml and incubated overnight
(approximately 16 hours) at 60°C. The filters may then
be washed at 60°C, first in buffer B for 15 minutes
followed by three 20-minute washes in 2X SSC, 0.1% SDS
then one for 20 minutes in 1x SSC, 0.1% SDS.

In other respects, the invention provides:

(a) a basic polypeptide factor which has, if
obtained from bovine pituitary material, an observed
molecular weight, whether in reducing conditions or not,
of from about 30kD to about 36kD on SDS-polyacrylamide
gel electrophoresis using the following molecular weight
standards:

Lysozyme (hen egg white) - 14,400

Soybean trypsin inhibitor 21,500
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Carbonic anhydrase (bovine) 31,000
Ovalbumin (hen egg white) 45,000
Bovine serum albumin 66,200
Phosphorylase B (rabbit muscle) 97,400;

which factor has glial cell mitogenic activity including
stimulating the division of rat Schwann cells in the
presence of fetal calf plasma, and when isolated using
reversed-phase HPLC retains at least 50% of said activity
after 10 weeks incubation in 0.1% trifluoroacetic acid at
4°C; and

(b) a basic polypeptide factor which has, if
obtained from bovine pituitary material, an observed
molecular weight, under non-reducing conditions, of from
about 55 kD to about 63 kD on SDS-polyacrylamide gel
electrophoresis using the following molecular weight

standards:
Lysozyme (hen egg white) 14,400
_Soybean trypsin inhibitor 21,500
Carbonic anhydrase (bovine) 31,000
Ovalbumin (hen egg white) 45,000
Bovine serum albumin 66,200
Phosphorylase B (rabbit muscle) 97,400;

which factor the human equivalent of which is encoded by
DNA clone GGF2HBS5 described herein and which factor has
glial cell mitogenic activity including stimulating the
division of rat Schwann cells in the presence of fetal
calf plasma, and when isolated using reversed-phase HPLC
retains at least 50% of the activity after 4 days
incubation in 0.1% trifluoroacetic acid at 4°cC.

For convenience of description only, the lower
molecular weight and higher molecular weight factors of
this invention are referred to hereafter as "GGF-I" and
"GGF-II", respectively. The "GGF2" designation is used
for all clones isolated with peptide sequence data
derived from GGF-II protein (i.e., GGF2HBSS5, GGF2BPP3).

It will be appreciated that the molecular weight
range limits quoted are not exact, but are subject to
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slight variations depending upon the source of the
particular polypeptide factor. A variation of, say,
about 10% would not, for example, be impossible for
material from another source.

Another important aspect of the invention is a DNA
sequence encoding a polypeptide having glial cell
mitogenic activity and comprising:

(a) a DNA sequence shown in any one of Figures 28a,
28b or 28c, SEQ ID Nos. 133-135:

(b) a DNA sequence shown in Figure 22, SEQ ID No.
89; |

(c) the DNA sequence represented by nucleotides
281-557 of the sequence shown in Figure 28a, SEQ ID No.
133; or ’

(d) a DNA sequence hybridizable to any one of the
DNA sequences according to (a), (b) or (c).

Another aspect of the present invention uses the
fact that the Glial Growth Factors and p185°8 ligand
proteins are encoded by the same gene. A variety of
messenger RNA splicing variants (and their resultant
proteihs)'are derived from this gene and many of these
products show p1858 binding and activation. Several of
the (GGF-II) gene products have been used to show Schwann
cell mitogenic activity. This invention provides a use
for all of the known products of the GGF/p185crbB2 ligand
gene (described in the references listed above) as
Schwann cell mitogens.

This invention also relates to other, not yet
naturally isolated splicing variants of the Glial Growth
Factor gene. Figure 30, shows the known patterns of
splicing derived from polymerase chain reaction
experiments (on reverse transcribed RNA) and analysis of
CDNA clones (as presented within) and derived from what
has been published as sequences encoding p185“*®™ ligands
(Peles et al., Cell 69:205 (1992) and Wen et al., Cell
69:559 (1992)). These patterns, as well as additional

ones disclosed herein, represent probable splicing
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variants which exist. Thus another aspect of the present
invention relates to the nucleotide sequences encoding
novel protein factors derived from this gene. The
invention also provides processes for the preparation of
these factors. Therapeutic application of these new
factors is a further aspect of the invention.

Thus other important aspects of the invention are :

(a) A series of human and bovine polypeptide
factors having glial cell mitogenic activity including
stimulating the division of Schwann cells. These peptide
sequences are shown in Figures 31, 32, 33 and 34, SEQ ID
Nos. 136-137, respectively.

(b) A series of polypeptide factors having glial
cell mitogenic activity including stimulating the
division of Schwann cells and purified and characterized
according to the procedures outlined by Lupu et al.
Science 249: 1552 (1990); Lupu et al. Proc. Natl. Acad.
Sci USA 89: 2287 (1992); Holmes et al. Science 256: 1205
(1992); Peles et al. 69: 205 (1992); Yarden and Peles
Biochemistry 30: 3543 (1991); Dobashi et al. Proc. Natl.
Acad. Sci. 88: 8582 (1991); Davis et al. Biochen.
Biophys. Res. Commun. 179: 1536 (1991); Beaumont et al.,
patent application PCT/US91/03443 (1990); Greene et al.
patent application PCT/US91/02331 (1990); Usdin and
Fischbach, J. Cell. Biol. 103:493-507 (1986); Falls et
al., Cold Spring Harbor Symp. Quant. Biol. 55:397-406
(1990); Harris et al., Proc. Natl. Acad. Sci. UsA
88:7664-7668 (1991); and Falls et al., Cell 72:801-815
(1993).

(c) A polypeptide factor (GGFBPP5) having glial
cell mitogenic activity including stimulating the
division of Schwann cells. The amino acid sequence is
shown in Figure 32, SEQ ID No. 148, and is encoded by the
bovine DNA sequence shown in Figure 32, SEQ ID No. 148.

The novel human peptide sequences described above
and presented in Figures 31, 32, 33 and 34, SEQ ID Nos.

136-150, respectively, represent a series of splicing
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variants which can be isolated as full length
complementary DNAs (cDNAs) from natural sources (cDNA
libraries prepared from the appropriate tissues) or can
be assembled as DNA constructs with individual exons
(e.g., derived as separate exons) by someone skilled in
the art.

Other compounds in particular, peptides, which bind
specifically to the p185° receptor can also be used
according to the invention as a glial cell mitogen. A
candidate compound can be routinely screened for p185°®H
binding, and, if it binds, can then be screened for glial
cell mitogenic activity using the methods described
herein.

The invention includes any modifications or
equivalents of the above polypeptide factors which do not
exhibit a significantly reduced activity. For example,
modifications in which amino acid content or sequence is
altered without substantially adversely affecting
activity are included. By way of illustration, in EP-A
109748 mutations of native proteins are disclosed in
which the possibility of unwanted disulfide bonding is
avoided by replacing any cysteine in the native sequence
which is not necessary for biological activity with a
neutral amino acid. The statements of effect -and use
contained herein are therefore to be construed
accordingly, with such uses and effects émploying
modified or equivalent factors being part of the
invention.

The new sequences of the invention open up the
benefits of recombinant technology. The invention thus
also includes the following aspects:

(a) DNA constructs comprising DNA sequences as
defined above in operable reading frame position within
vectors (positioned relative to control sequences so as
to permit expression of the sequences) in chosen host
cells after transformation thereof by the constructs

(preferably the control sequence includes regulatable
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promoters, e.g. Trp). It will be appreciated that the
selection of a promoter and regulatory sequences (if any)
are matters of choice for those of skill in the art;

(b) host cells modified by incorporating constructs
as defined in (a) immediately above so that said DNA
sequences may be expressed in said host cells - the
choice of host is not critical, and chosen cells may be
prokaryotic or eukaryotic and may be genetically modified
to incorporate said constructs by methods known in the
art; and,

(c) a process for the preparation of factors as
defined above comprising cultivating the modified host
cells under conditions permitting expression of the DNA
sequences. These conditions can be readily determined,
for any particular embodiment, by those of skill in the
art of recombinant DNA technology. Glial cell mitogens
prepared by this means are included in the present
invention. |

None of the factors described in the art has the
combination of characteristics possessed by the present
new polypeptide factors.

As indicated, the Schwann cell assay used to
Characterize the present factors employs a background of
fetal calf plasma. In all other respects, the assay can
be the same as that described by Brockes et al. in Meth.
Enz., supra, but with 10% FCP replacing 10% FCS. This
difference in assay techniques is significant, since the
absence of platelet-derivéd factors in fetal calf plasma
(as opposed to serum) enables a more rigorous definition
of activity on Schwann cells by eliminating potentially
spurious effects from some other factors.

The invention also includes a process for the
preparation of a polypeptide as defined above, extracting
vertebrate brain material to obtain protein, subjecting
the resulting extract to chromatographic purification by
hydroxylapatite HPLC and then subjecting these fractions

~to. SDS-polyacrylamide gel electrophoresis. The fraction
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which has an observed molecular weight of about 30kD to
36 kD and/or the fraction which has an observed molecular
weight of about 55kD to 63 kD is collected. 1In either
case, the fraction is subjected to SDS-polyacrylamide gel

electrophoresis using the following molecular weight

standards:
Lysozyme (hen egg white) 14,400
Soybean trypsin inhibitor 21,500
Carbonic anhydrase (bovine) 31,000
Ovalbumin (hen egg white) 45,000
Bovine serum albumin 66,200
Phosphorylase B (rabbit muscle) 97,400

In the case of the smaller molecular weight fraction, the
SDS-polyacrylamide gel is run in non-reducing conditions
in reducing conditions or, and in the case of the larger
molecular weight fraction the gel is run under
non-reducing conditions. The fractions are then tested
for activity stimulating the division of rat Schwann
cells against a background of fetal calf plasma.

Preferably, the above process starts by isolating a
relevant fraction obtained by carboxymethyl cellulose
chromatography, e.g. from bovine pituitary material. It
is also preferred that hydroxylapatite HPLC, cation
exchange chromatography, gel filtration, and/or
reversed-phase HPLC be employed prior to the
SDS-Polyacrylamide gel electrophoresis. At each stage in
the process, activity may be determined using Schwann
cell incorporation of radioactive iododeoxyuridine as a
measure in an assay generally as described by Brockes in
Meth. Enz., supra, but modified by substituting 10% FCP
for 10% FCS. As already noted, such as assay is an
aspect of the invention in its own substance for CNS or
PNS cell, e.g. Schwann cell, mitogenic effects.

Thus, the invention also includes an assay for glial
cell mitogenic activity in which a background of fetal
calf plasma is employed against which to assess DNA
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synthesis in glial cells stimulated (if at all) by a
substance under assay.

Another aspect of the invention is a pharmaceutical
or veterinary formulation comprising any factor as
defined above formulated for pharmaceutical or veterinary
use, respectively, optionally together with an acceptable
diluent, carrier or excipient and/or in unit dosage form.
In using the factors of the invention, conventional
pharmaceutical or veterinary practice may be employed to
provide suitable formulations or compositions.

Thus, the formulations of this invention can be
applied to parenteral administration, for example,
intravenous, subcutaneous, intramuscular, intraorbital,
opthalmic, intraventricular, intracranial, intracapsular,
intraspinal, intracisternal, intraperitoneal, topical,
intranasal, aerosol, scarification, and also oral,
buccal, rectal or vaginal administration.

The formulations of this invention may also be
administered by the transplantation into the patient of
host cells expressing the DNA of the instant invention or
by the use of surgical implants which release the
formulations of the invention.

Parenteral formulations may be in the form of liquid
solutions or suspensions; for oral administration,
formulations may be in the form of tablets or capsules;
and for intranasal formulations, in the form of powders,
nasal drops, or aerosols.

Methods well known in the art for making
formulations are to be found in, for example,
"Remington’s Pharmaceutical Sciences." Formulations for
parenteral administration may, for example, contain as
excipients sterile water or saline, polyalkylene glycols
such as polyethylene glycol, oils of vegetable origin, or
hydrogenated naphthalenes, biocompatible, biodegradable
lactide polymer, or polyoxyethylene-polyoxypropylene
copolymers may be used to control the release of the
present factors. Other potentially useful parenteral
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delivery systems for the factors include ethylene-vinyl
acetate copolymer particles, osmotic pumps, implantable
infusion systems, and liposomes. Formulations for
inhalation may contain as excipients, for example,
lactose, or may be aqueous solutions containing, for
example, polyoxyethylene-9-lauryl ether, glycocholate and
deoxycholate, or may be oily solutions for administration
in the form of nasal drops, or as a gel to be applied
intranasally. Formulations for parenteral administration
may also include glycocholate for buccal administration,
methoxysalicylate for rectal administration, or citric
acid for vaginal administration.

The present factors can be used as the sole active
agents, or can be used in combination with other active
ingredients, e.g., other growth factors which could
facilitate neuronal survival in neurological diseases, or
peptidase or protease inhibitors.

The concentration of the present factors in the
formulations of the invention will vary depending upon a
number of issues, including the dosage to be
administered, and the route of administration.

In general terms, the factors of this invention may
be provided in an aqueous physiological buffer solution
containing about 0.1 to 10% w/v compound for parenteral
administration. General dose ranges are from about 1
mg/kg to about 1 g/kg of body weight per day; a preferred
dose range is from about 0.01 mg/kg to 100 mg/kg of body
weight per day. The preferred dosage to be administered
is likely to depend upon the type and extent of
progression of the pathophysiological condition being
addressed, the overall health of the patient, the make up
of the formulation, and the route of administration.

As indicated above, Schwann cells (the glial cells
of the peripheral nervous system) are stimulated to
divide in the presence of the factors of the invention.
Schwann cells of the peripheral nervous system are

involved in supporting neurons and in creating the myelin
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sheath around individual nerve fibers. This sheath is
important for proper conduction of electrical impulses to
muscles and from sensory receptors.

There are a variety of peripheral neuropathies in
which Schwann cells and nerve fibers are damaged, either
primarily or secondarily. There are many neuropathies of
both sensory and motor fibers (Adams and Victor,
Principles of Neurology). The most important of those
neuropathies are probably the neuropathies associated
with diabetes,'multiple sclerosis, Landry-Guillain-Barr
syndrome, neuropathies caused by carcinomas, and
neuropathies caused by toxic agents (some of which are
used to treat carcinomas).

The invention, however, envisages treatment or
prophylaxis of conditions where nervous system damage has
been brought about by any basic cause, e.g. infection or
injury. Thus, in addition to use of the present factors
in the treatment of disorders or diseases of the nervous
system where demyelination or loss of Schwann cells is
present, such glial growth factors can be valuable in the
treatment of disorders of the nervous system that have
been caused by damage to the peripheral nerves. Following
damage to peripheral nerves, the regeneration process is
led by the growth or the ré-establishment of Schwann
cells, followed by the advancement of the nerve fibre
back to its target. By speeding up the division of
Schwann cells one could promote the regenerative process
following damage.

Similar approaches could be used to treat injuries
or neurodegenerative disease of the central nervous
system (brain and spinal cord).

Furthermore, there are a variety of tumors of glial
cells the most common of which is probably

neurofibromatosis, which is a patchy small tumor created

by-.overgrowth of glial cells. Also, it has been found

Schwann cell tumors, and therefore inhibitors of the
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action of the present factors on their receptors provides
a therapy of a glial tumor, which comprises administering
an effective amount of a substance which inhibits the
binding of a factor, as defined above, to a receptor.

In general, the invention includes the use of
present polypeptide factors in the prophylaxis or
treatment of any pathophysiological condition of the
nervous system in which a factor-sensitive or
factor-responsive cell type is involved.

The polypeptide factors of the invention can also be
used as immunogens for making antibodies, such as
monoclonal antibodies, following standard techniques.
Such antibodies are included within the present
invention. These antibodies can, in turn, be used for
therapeutic or diagnostic purposes. Thus, conditions
perhaps associated with abnormal levels of the factor may
be tracked by using such antibodies. In vitro techniques
can be used, employing assays on isolated samples using
standard methods. 1Imaging methods in which the
antibodies are, for example, tagged with radioactive
isotopes which can be imaged outside the body using
techniques for the art of tumour imaging may also be
employed.

The invention also includes the general use of the
present factors as glial cell mitogens in vivo or in
vitro, and the factors for such use. One specific
embodiment is thus a method for producing a glial cell
mitogenic effect in a vertebrate by administering an
effective amount of a factor of the invention. A
preferred embodiment is such a method in the treatment or
prophylaxis of a nervous system disease or disorder.

A further general aspect of the invention is the use
of a factor of the invention in the manufacture of a
medicament, preferably for the treatment of a nervous
disease or disorder, or for neural regeneration or

repair.
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Also included in the invention are the use of the
factors of the invention in competitive assays to
identify or quantify molecules having receptor binding
characteristics corresponding to those of said
polypeptides. The polypeptides may be labelled,
optionally with a radioisotope. A competitive assay can
identify both antagonists and agonists of the relevant
receptor.

In another aspect, the invention provides the use of
each one of the factors of the invention in an affinity
isolation process, optionally affinity chromatography,
for the separation of a respective corresponding
receptor. Such processes for the isolation of receptors
corresponding to particular proteins are known in the
art, and a number of techniques are available and can be
applied to the factors of the present invention. For
example, in relation to IL-6 and IFNy the reader is
referred to Novick, D.; et al., J. Chromatogr. (1990)
510: 331-7. With respect to gonadotropin releasing
hormone reference is made to Hazum, E., J. (1990)
Chromatogr. 510:233-8. In relation to G-CSF reference is
made to Fukunaga, R., et al., J. Biol. Chen.,
265:13386-90. In relation to IL-2 reference is made to
Smart, J.E., et al., (1990) J. Invest. Dermatol.,
94:1585-163S, and in relation to human IFN-gamma
reference is made to Stefanos, S, et al., (1989) J.
Interferon Res., 9:719-30.

Brief Description of the Drawings

The drawings will first be described.
Drawings

Figures 1 to 8 relate to Example 1, and are briefly
described below:

Fig. 1 is the profile for product from carboxymethyl
cellulose chromatography;

Fig. 2 is the profile for product from
hydroxylapatite HPLC;
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Fig. 3 is the profile for product from Mono S FPLC;

Fig. 4 is the profile for product from Gel
filtration FPLC;

Figs. 5 and 6 depict the profiles for the two
partially purified polypeptide products from
reversed-phase HPLC; and

Figs. 7 and 8 depict dose-respohse curves for the
GGF-I and GGF-II fractions from reversed-phase HPLC using
either a fetal calf serum or a fetal calf plasma
background;

Figs. 9 to 12 depict the peptide sequences derived
from GGF-I and GGF-I1, SEQ ID Nos. 1-20, 22-29, 32-53 and
169, (see Example 2 hereinafter), Figures 10 and 12
specifically depict novel sequences:

In Fig. 10, Panel A, the sequences of GGF-I peptides
used to design degenerate oligonucleotide probes and
degenerate PCR primers are listed (SEQ ID Nos. 20, 1, 22-
29, and 17). Some of the sequences in Panel A were also
used to design synthetic peptides. Panel B is a listing
of the sequences of novel peptides that were too short
(less than 6 amino acids) for the design of degenerate
probes or degenerate PCR primers (SEQ ID Nos. 17 and 52);

In FPig. 12, Panel A, is a listing of the sequences
of GGF-II peptides used to design degenerate
oligonucleotide probes and degenerate PCR primers (SEQ ID
Nos. 45-52). Some of the sequences in Panel A were used
to design synthetic peptides. Panel B is a listing of
the novel peptide that was too short (less than 6 amino
acids) for the design of degenerate probes or degenerate
PCR primers (SEQ ID No. 53);

Figures 13 to 20 relate to Example 3, below and
depict the mitogenic activity of factors of the
invention;

Figures 21 to 28 (a, b and c) relate to Example 4,
below and are briefly described below:

Fig. 21 is a listing of the degenerate
oligonucleotide probes (SEQ ID Nos. 54-88) designed from
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the novel peptide sequences in Figure 10, Panel A and
Figure 12, Panel A;

Fig. 22 (SEQ ID No. 89) depicts a stretch of the
putative bovine GGF-II gene sequence from the recombinant
bovine genomic phage GGF2BGl, containing the binding site
of degenerate oligonucleotide probes 609 and 650 (see
Figure 21, SEQ ID NOs. 69 and 72, respectively). The
figure is the coding strand of the DNA sequence and the
deduced amino acid sequence in the third reading frame.
The sequence of peptide 12 from factor 2 (bold) is part
of a 66 amino acid open reading frame (nucleotides
75272) ;

Fig. 23 is the degenerate PCR primers (Panel A, SEQ
IS Nos. 90-108) and unique PCR primers (Panel B, SEQ ID
Nos. 109-119) used in experiments to isolate segments of
the bovine GGF-II coding sequences present in RNA from
posterior pituitary;

Fig. 24 depicts of the nine distinct contiguous
bovine GGF-II cDNA structures and sequences that were
obtained in PCR amplification experiments using the list
of primers in Figure 7, Panels A and B, and RNA from
posterior pituitary. The top line of the Figure is a
schematic of the coding sequences which contribute to the
cDNA structures that were characterized;

Fig. 25 is a physical map of bovine recombinant
phage of GGF2BGl. The bovine fragment is roughly 20 kb
in length and contains two exons (bold) of the bovine
GGF-II gene. Restriction sites for the enzymes Xbal,
Spel, Ndel, EcoRI, Kpnl, and SstI have been placed on
this .physical map. Shaded portions correspond to
fragments which.were subcloned for sequencing;

Fig. 26 is:a:schematic of the structure of three
alternative gene products of the putative bovine GGF-II
gene.  :Exons are listed A through E in the order of their
discovery. The alternative splicing patterns 1, 2 and 3

generate three overlapping deduced protein structures
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(GGF2BPP1, 2, and 3), which are displayed in the various
Figures 28a, b, c (described below);

Fig. 27 (SEQ ID Nos. 120-132) is a comparison of the
GGF-I and GGF-II sequences identified in the deduced
protein sequences shown in Figures 28a, 28b and 28c
(described below) with the novel peptide sequences listed
in Figures 10 and 12. The Figure shows that six of the
nine novel GGF-II peptide sequences are accounted for in
these deduced protein sequences. Two peptide sequences
similar to GGF-I sequences are also found;

Fig. 28a (SEQ ID No. 133) is a listing of the coding
strand DNA sequence and deduced amino acid sequence of
the cDNA obtained from splicing pattern number 1 in
Figure 26. This partial cDNA of the putative bovine
GGF-II gene encodes a protein of 206 amino acids in
length. Peptides in bold were those identified from the
lists presented in Figures 10 and 12. Potential
glycosylation sites are underlined (along with
polyadenylation signal AATAAA);

Fig. 28b (SEQ ID No. 134) is a listing of the coding
strand DNA sequence and deduced amino acid sequence of
the cDNA obtained from splicing pattern number 2 in
Figure 26. This partial cDNA of the putative bovine
GGF-II gene encodes a protein of 281 amino acids in
length. Peptides in bold are those identified from the
lists presented in Figures 10 and 12. Potential
glycosylation sites are underlined (along with
polyadenylation signal AATAAA);

Fig. 28c (SEQ ID No. 135) is a listing of the coding
strand DNA sequence and deduced amino acid sequence of
the cDNA obtained from splicing pattern number 3 in
Figure 26. This partial cDNA of the putative bovine
GGF-II gene encodes a protein of 257 amino acids in
length. Peptides in bold are those identified from the
lists in Figures 10 and 12. Potential glycosylation
sites are underlined (along with polyadenylation signal
AATAAA) .
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Fig. 29, which relates to Example 6 hereinafter, is
an autoradiogram of a cross hybridization analysis of
putative bovine GGF-II gene sequences to a variety of
mammalian DNAs on a southern blot. The filter contains
lanes of EcoRI-digested DNA (5 ug per lane) from the
species listed in the Figure. The probe detects a single
strong Bgnd in each DNA sample, including a four kilobase
fragment in the bovine DNA as anticipated by the physical
map in Figure 25. Bands of relatively minof intensity
are observed as well, which could represent related DNA
sequences. The strong hybridizing band from each of the
other mammalian DNA samples presumably represents the
GGF-II homologue of those species.

Fig. 30 is a diagram of representative splicing
variants. The coding segments are represented by F, E,
B, A, G, ¢, ¢/D, ¢/D’, D, D', H, K and L. The location
of the peptide sequences derived from purified protein
are indicated by "o". ‘

Fig. 31 (SEQ ID Nos. 136-147, 160, 161) is a listing
of the DNA sequences and predicted peptide sequences of
the coding segments of GGF. Line 1 is a listing of the
predicted amino acid sequences of bovine GGF, line 2 is a
listing of the nucleotide sequences of bovine GGF, line 3
is a listing of the nucleotide sequences of human GGF
(heregulin) (nucleotide base matches are indicated with a
vertica: line) and line 4 is a listing of the predicted
amino acid sequenceé of human GGF/heregulin where it
differs from the predicted bovine sequence. Coding
segments E, A’ and K represent only the bovine sequences.
Coding segment D’ represents only the human (heregulin)
sequence.

Fig. 32 (SEQ ID No. 148) is the predicted GGF2 amino
acid sequence and nucleotide sequence of BPP5. The upper
line is the nucleotide sequence and the lower line is the
predicted amino acid sequence.

Fig. 33 (SEQ ID No. 149) is the predicted amino acid
sequence and nucleotide sequence of GGF2BPP2. The upper
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line is the nucleotide sequence and the lower line is the
predicted amino acid sequence.

Fig. 34 (SEQ ID No. 150) is the predicted amino acid
sequence and nucleotide sequence of GGF2BPP4. The upper
line is the nucleotide sequence and the lower line is the
predicted amino acid sequence.

Fig. 35 (SEQ ID Nos. 151-152) depicts the alignment
of two GGF peptide sequences (GGF2bpp4 and GGF2bpp5) with
the human EGF (hEGF). Asterisks indicate poéitions of
conserved cysteines. ‘

Fig. 36 depicts the level of GGF activity (Schwann
cell mitogenic assay) and tyrosine phosphorylation of a
ca. 200KD protein (intensity of a 200 kD band on an
autoradiogram of a Western blot developed with an
antiphosphotyrosine polyclonal antibody) in response to
increasing amounts of GGF.

Fig. 37 is a list of splicing variants derived from
the sequences shown in Figure 31.

Fig. 38 is the predicted amino acid sequence,
bottom, and nucleic sequence, top, of EGFL1 (SEQ ID No.
154).

Fig. 39 is the predicted amino acid sequence,
bottom, and nucleic sequence, top, of EGFL2 (SEQ ID No.
155) .

Fig. 40 is the predicted amino acid sequence,
bottom, and nucleic sequence, top, of EGFL3 (SEQ ID No.
156) . ‘

Fig. 41 is the predicted amino acid sequence,
bottom, and nucleic sequence, top, of EGFL4 (SEQ ID No.
157) .

Fig. 42 is the predicted amino acid sequence,
bottom, and nucleic sequence, top, of EGFL5 (SEQ ID No.
158) .

Fig. 43 is the predicted amino acid sequence,
bottom, and nucleic sequence, top, of EGFL6 (SEQ ID No.
159) .
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Fig. 44 is a scale coding segment map of the clone.
T3 refers to the bacteriophage promoter used to produce
mRNA from the clone. R = flanking EcoRI restriction
enzyme sites. 5’ UT refers to the 5’ untranslated
region. E, B, A, C, C¢/D’, and D refer to the coding
segments. O = the translation start site. A = the 5/
limit of the region homologous to the bovine E segment
(see example 6) and 3’ UT refers to the 3’ untranslated
region.

Fig. 45 is the predicted amino acid sequence
(middle) and nucleic sequénce (top) of GGF2HBS5 (SEQ ID
No. 167). The bottom (intermittent) sequence represents
peptide sequences derived from GGF-II preparations (see
Figures 11, 12).

Fig. 46 is a graph depicting the Schwann cell
mitogenic activity of recombinant human and bovine glial
growth factors.

Fig. 47 is a dose-response curve depicting Schwann
cell proliferation activity data resulting from
administration of different size aliquots of CHO cell
conditioned medium.

Fig. 48 is a dose-response curve depicting Schwann
cell mitogenic activity secreted into the extracellular
medium by SF9 insect cells infected with baculovirus
containing the GGF2HBS5 cDNA clone.

Fig. 49 is a Western blot of recombinant CHO cell
conditioned medium using a GGF peptide antibody.

Fig. 50 (A) is a graph of Schwann cell proliferation
activity of recombinant (COS cell produced) human GGF-II
(rhGGF-II) peak eluted from the cation exchange column;
(B) is an immunoblot against recombinant GGFII peak using
polyclonal antibody made against specific peptide of
rhGGFII;

Fig. 51 (A) is a graph showing the purification of
rhGGF-II (CHO cell produced) on cation exchange column by

fraction; (B) is a photograph of a Western blot using
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fractions as depicted in (A) and a rhGGF-II specific
antibody.

Fig. 52 is a photograph of a gel depicting tyrosine
phosphorylation in Schwann cells treated with recombinant
glial growth factors.

Fig. 53 is the sequences of GGFHBS5, GGFHFB1l and
GGFBPP5 polypeptides (SEQ ID NOS: 170, 171, and 172).

Fig. 54 is a map of the CHO cell-expression vector
pcDHFRpolyA.

Detailed Description
The invention pertains to the isolation and

purification of novel Glial Growth factors and the
cloning of DNA sequences encoding these factors. Other
components of the invention are several gene splicing
variants which potentially encode a series of glial
growth factors, in particular the GGF2HBS5 in particular
a variant which encodes the human equivalent of bovine
GGF-II. It is evident that the gene encoding GGF’s and
p185°®8? pbinding proteins produces a number of
variably-sized, differentially-spliced RNA transcripts
that give rise to a series of proteins, which are of
different lengths and contain some common peptide
sequences and some unique peptide sequences. This is
supported by the differentially-spliced sequences which
are recoverable from bovine posterior pituitary RNA (as
presented herein), human breast cancer (MDA-MB-231)
(Holmes et al. Science 256: 1205 (1992) and chicken brain
RNA (Falls et al. Cell 72:1-20 (1993)). Further support
derives from the wide size range of proteins which act as
both mitogens for Schwann cells (as disclosed herein) and
as ligands for the p185™® receptor (see below).

Further evidence to support the fact that the genes
encoding GGF and p185°*2 are homologous comes from
nucleotide sequence comparison. Science, 256 (1992),
1205-1210) Holmes et al. demonstrate the purification of

a 45-kilodalton human protein (Heregulin-a) which
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specifically interacts with the receptor protein p185°E,
which is associated with several human malignancies.
Several complementary DNA clones encoding Heregulin-a
were isolated. Peles et al. (Cell 69:205 (1992)) and Wen
et al (Cell 69:559 (1992)) describe a complementary DNA
isolated from rat cells encoding a protein called "neu
differentiation factor" (NDF). The translation product
of the NDF cDNA has p185°*® binding activity. Usdin and
Fischbach, J. Cell. Biol. 103:493-507 (1986); Falls et
al., Cold Spring Harbor Symp. Quant. Biol. 55:397-406
(1990); Harris et al., Proc. Natl. Acad. Sci. USA
88:7664-7668 (1991); and Falls et al., Cell 72:801-815
(1993) demonstrate the purification of a 42 Kd
glycoprotein which interacts with a receptor protein
p185°®8 and several complementary cDNA clones were
isolated (Falls et al. Cell 72:801-815 (1993). Several
other groups have reported the purification of proteins
of various molecular weights with p185“ binding
activity. These groups include Lupu et al. (1992) Proc.
Natl. Acad. Sci. USA 89:2287; Yarden and Peles (1991)
Biochemistry 30:3543; Lupu et al. (1990) Science
249:1552); Dobashi et al. (1991) Biochem. Biophys. Res.
Comm. 179:1536; and Huang et al. (1992) J. Biol. Chenmn.
257:11508-11512.

Other Embodiments

The invention includes any protein which is
substantially homologous to the coding segments in Figure
31 (SEQ ID No.s 136-147, 160, and 161) as well as other
naturally occurring GGF polypeptides. Also included are:
allelic variations; natural mutants; induced mutants;
proteins encoded by DNA that hybridizes under high or low
stringency conditions to a nucleic acid naturally
occurring (for definitions of high and low stringency see
Current Protocols in Molecular Biology, John Wiley &
Sons, New York, 1989, 6.3.1 - 6.3.6, hereby incorporated.

by reference); and polypeptides or proteins specifically
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bound by antisera to GGF polypeptide. The term also
includes chimeric polypeptides that include the GGF
polypeptides comprising sequences from Figure 31.

The following examples are not intended to limit the
invention, but are provided to usefully illustrate the
same, and provide specific guidance for effective
preparative techniques.

As will be seen from Example 3, below, the present
factors exhibit mitogenic activity on a range of cell
types. The activity in relation to fibroblasts indicates
a wound repair ability, and the invention encompasses
this use. The general statements of invention above in
relation to formulations and/or medicaments and their

- manufacture should clearly be construed to include

appropriate products and uses. This is clearly a
reasonable expectation for the present invention, given
reports of similar activities for fibroblast growth
factors (FGFs). Reference can be made, for example, to
Sporn et al., "Peptide Growth Factors and their Receptors
I", page 396 (Baird and Bohlen) in the section headed

"FGFs in Wound Healing and Tissue Repair".

EXAMPLE 1
Purification of GGF-I and GGF-II from bovine Pituitaries

I. Preparation of Factor-CM Fraction
4,000 frozen whole bovine pituitaries (c.a. 12 kg)

were thawed overnight, washed briefly with water and then
homogenized in an equal volume of 0.15 M ammonium
sulphate in batches in a Waring Blender. The homogenate
was taken to pH 4.5 with 1.0 M HCl and centrifuged at
4,900g for 80 minutes. Any fatty material in the
supernatant was removed by passing it through glass wool.
After taking the pH of the supernatant to 6.5 using 1.0 M
NaOH, solid ammonium sulphate was added to give a 36%
saturated solution. After several hours stirring, the
suspension was centrifuged at 4,900 g for 80 minutes and

the precipitate discarded. After filtration through
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glass wool, further solid ammonium sulphate was added to
the supernatant to give a 75% saturated solution which
was once again centrifuged at 4,900 g for 80 minutes
after several hours stirring. The pellet was resuspended
in c.a. 2 L of 0.1 M sodium phosphate pH 6.0 and dialyzed
against 3 x 40 L of the same buffer. After confirming
that the conductivity of the dialysate was below 20.0
uSiemens, it was loaded onto a Bioprocess column (120 x
113 mm, Pharmacia) packed with carboxymethyl cellulose
(CM-52, Whatman) at a flow rate of 2 ml min'. The column
was washed with 2 volumes of 0.1 M sodium phosphate pH
6.0, followéd by 2 volumes of 50 mM NaCl, and finally 2
volumes of 0.2 M NaCl both in the same buffer. During
the final step, 10 mL (5 minute) fractions were
collected. Fractions 73 to 118 inclusive were pooled,
dialyzed against 10 volumes of 10 mM sodium phosphate pH
6.0 twice and clarified by centrifugation at 100,000 g
for 60 minutes.

II. Hydroxylapatite HPIC
Hydroxylapatite HPLC is not a technique hitherto

~used in isolating glial growth factors, but proved

particularly efficacious in this invention.

The material obtained from the above CM-cellulose
chromatography was filtered through a 0.22 um filter
(Nalgene), loaded at room temperature on to a high
performance hydroxylapatite column (50 x 50 mm, Biorad)
equipped with a guard column (15 x 25 mm, Biorad) and
equilibrated with 10 mM potassium phosphate pH 6.0.
Elution at room temperature was carried out at a flow
rate of 2 ml.minute'! using the following programmed
linear gradient:

time (min) %B Solvent A: 10 mM potassium phosphate
pH 6.0

0.0 0 Solvent B: 1.0 M potassium phosphate
PH 6.0
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5.0 0
7.0 20
70.0 20
150.0 100
180.0 100
185.0 0

6.0 mL (3 minutes) fractions were collected during the
gradient elution. Fractions 39-45 were pooled and
dialyzed against 10 volumes of 50 mM sodium phosphate
pPH 6.0.

ITI. Mono S FPIC

Mono S FPLC enabled a more concentrated material to
be prepared for subsequent gel filtration.

Any particulate material in the pooled material from
the hydroxylapatite column was removed by a clarifying
spin at 100,000 g for 60 minutes prior to loading on to a
preparative HR10/10 Mono S cation exchange column (100 x

10 mm, Pharmacia) which was then re-equilibrated to 50mM

sodium phosphate pH 6.0 at room temperature with a flow

rate of 1.0 ml/minute’. Under these conditions, bound
protein was eluted using the following programmed linear
gradient:

time (min) %B Solvent A: 50 mM potassium phosphate

pH 6.0
0.0 0 Solvent B: 1.2 M sodium chloride, 50 mm
70.0 30 sodium phosphate pH 6.0
240.0 100
250.0 100
260.0 0]

1 mL (1 minute) fractions were collected throughout this
gradient program. Fractions 99 to 115 inclusive were
pooled.



WO 94/00140 PCT/US93/06228

10

20

30

35

IV. Gel Filtration FPLC

This step commenced the separation of the two
factors of the invention prior to final purification,
producing enriched fractions. A

For the purposes of this step, a preparative
Superose 12 FPLC column (510 x 20 mm, Pharmacia) was
packed according to the manufacturers’ instructions. In
order to standardize this column, a theoretical plates
measurement was made according to the manufacturers’
instructions, giving a value of 9,700 theoretical plates.

The pool of Mono S eluted material was applied at
room temperature in 2.5 M1l aliquots to this column in
50mM sodium phosphate, 0.75 NaCl pH 6.0 (previously
passed through a Cl18 reversed phase column (Sep-pak,
Millipore) at a flow rate of 1.0 mL/minute!. 1 mL (0.5
minute) fractions were collected from 35 minutes after
each sample was applied to the column. Fractions 27 to
41 (GGF-II) and 42 to 57 (GGF-I) inclusive from each run
were pooled.

V. Reversed-Phase HPIC
The GGF-I and GGF-II pools from the above Superose

12 runs were each divided into three equal aliquots.

Each aliquot was loaded on to a C8 reversed-phase column
(Aquapore RP-300 7 u C8 220 x 4.6 mm, Applied Biosystems)
protected by a guard cartridge (RP-8, 15 x 3.2 mm,
Applied Biosystems) and equilibrated to 40°C at 0.5
mL.minute. Protein was eluted under these conditions

using the following programmed linear gradient:

time (min) %B Solvent A: 0.1% trifluoroacetic acid
(TFA)

0 Solvent B: 90% acetonitrile, 0.1% TFA

60 66.6

62.0 100

72.0 100

75.0 0
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200 pL (0.4 minute) fractions were collected in
siliconized tubes (Multilube tubes, Bioquote) from 15.2

minutes after the beginning of the programmed gradient.

VI. SDS-Polvacrylamide Gel Electrophoresis
In this step, protein molecular weight standards,

low range, catalogue no. 161-0304, from Bio-Rad
Laboratories Limited, Watford, England were employed.
The actual proteins used, and their molecular weight
standards, have been listed herein previously.

Fractions 47 to 53 (GGF-I) and fractions 61 to 67
(GGFII) inclusive from the reversed-phase runs were
individually pooled. 7 uL of the pooled material was
boiled in an equal volume of 0.0125 M Tris-Cl, 4% SDS,
20% glycerol, and 10% (-mercaptoethanol for GGF-I, for 5
minutes and loaded on to an 11% polyacrylamide Laemmli
gel with a 4% stacking gel and run at a constant voltage
of 50 V for 16 hours. This gel was then fixed and
stained using a silver staining kit (Amersham). Under
these conditions, the factors are each seen as a somewhat
diffuse band at relative molecular weights 30,000 to
36,000 Daltons (GGF-I) and 55,000 to 63,000 Daltons
(GGFII) as defined by molecular weight markers. From the
gel staining, it is apparent that there are a small
number of other protein species present at equivalent
levels to the GGF-I and GGF-II species in the material

pooled from the reversed-phase runs.

VII. Stability in Trifluoroacetic Acid
Stability data were obtained for the present Factors

in the presence of trifluoroacetic_acid, as follows:-

GGF-I: Material from the reversed-phase HPLC, in
the presence of 0.1% TFA and acetonitrile, was assayed
within 12 hours of the completion of the column run and
then after 10 weeks incubation at 40°C. Following
incubation, the GGF-I had at least 50% of the activity of
that material assayed directly off the column.
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GGF-II: Material from the reversed-phase HPLC, in
the presence of 0.1% TFA and acetonitrile, and stored at
-20°C, was assayed after thawing and then after 4 days
incubation at 40°C. Following incubation, the GGF-II had
at least 50% of the activity of that material freshly
thawed.

It wiil be appreciated that the trifluoroacetic acid
concentration used in the above studies is that most

commonly used for reversed-phase chromatography.

VIII. Activity Assay Conditions
Unless otherwise indicated, all operations were

conducted at 37°C, and, with reference to Figures 1 to 6,
activity at each stage was determined using the Brockes
(Meth. Enz., supra) techniques with the following
modifications. Thus, in preparing Schwann cells, 5 uM
forskolin was added in addition to DMEM (Dulbecco’s
modified Eagle’s medium), FCS and GGF. Cells used in the
assay were fibroblast-free Schwann cells at passage
number less than 10, and these cells were removed from
flasks with trypsin and plated into flat-bottomed 96-well
plates ét 3.3 thousand cells per microwell.

['PIJIUAR was added for the final 24 hours after the:
test solution addition. The background (unstimulated)
incorporation to each assay was less than 100 cpm, and
maximal incorporation was 20 to 200 fold over background
depending on Schwann-cell batch and passage number.

In the case of the GGF-I and GGF-II fractions from
reversed-phase HPLC as described above, two dose response
curves were also produced for each factor, using exactly
the above method for one of the curves for each factor,
and the above method modified in the assay procedure only
by substituting foetal calf plasma for fetal calf serum
to obtain the other curve for each factor. The results

are in Figures 7 and 8.
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EXAMPLE 2
Amino acid sequences of purified GGF-1 and GGF-II

Amino acid sequence analysis studies were performed
using highly purified bovine pituitary GGF-I and GGF-II.
The conventional single letter code was used to describe
the sequences. Peptides were obtained by lysyl
endopébtidase and protease V8 digests, carried out on
reduced and carboxymethylated samples, with the lysyl
endopeptidase digest of GGF-II carried out on material
eluted from the 55-65 RD region of a 11% SDS-PAGE (MW
relative to the above-quoted markers).

A total of 21 peptide sequences (see Figure 9, SEQ
ID Nos. 1-20, 169) were obtained for GGF-I, of which 12
peptides (see Figure 10, SEQ ID Nos. 1, 22-29, 17, 19,
and 32) are not present in current protein databases and
therefore represent unique sequences. A total of 12
peptide sequences (see Figure 11, SEQ ID Nos. 33-44) were
obtained for GGF-II, of which 10 peptides (see Figure 12,
SEQ ID Nos. 45-53) are not present in current protein
databases and therefore represent unique sequences (an
exception is peptide GGF-II 06 which shows identical
sequences in many proteins which are probably of no
significance given the small number of residues). These
novel sequences are extremely likely to correspond to
portions of the true amino acid sequences of GGFs I and
IT.

Particular attention can be drawn to the sequences
of GGF-I 07 and GGF-II 12, which are clearly highly
related. The similarities indicate that the sequences of
these peptides are almost certainly those of the assigned
GGF species, and are most unlikely to be derived from
contaminant proteins.

In addition, in peptide GGF-II 02, the sequence X S
S is consistent with the presence of an N linked
carbohydrate moiety on an asparagine at the position
denoted by X.
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In general, in Figures 9 and 11, X represents an
unknown residue denoting a sequencing cycle where a
single position could not be called with certainty either
because there was more than one signal of equal size in
the cycle or because no signal was present. As asterisk
denotes those peptides where the last amino acid called
corresponds to the last amino acid present in that
peptide. 1In the remaining peptides, the signal strength
after the last amino acid called was insufficient to
continue sequence calling to the end of that peptide. The
right hand column indicates the results of a computer
database search using the GCG package FASTA and TFASTA
programs to analyze the NBRF and EMBL sequence databases.
The name of a protein in this column denotes identity of
a portion of its sequence with the peptide amino acid
sequence called allowing a maximum of two mismatches. A
question mark denotes three mismatches allowed. The

abbreviations used are as follows:

HMG-1 High Mobility Group protein-1
HMG-2 High Mobility Group protein-2
LH-alpha Luteinizing hormone alpha subunit
LH-beta Luteinizing hormone beta subunit

EXAMPLE 3
Mitogenic Activity of Purified GGF-I and GGF-II

The mitogenic activity of a highly purified sample
containing both GGFs I and II was studied’using a
quantitative method, which allows a single microculture
to be examined for DNA synthesis, cell morphology, cell
number and expression of cell antigens. This technique
has been modified from a method previously reported by
Muir et al., Analytical Biochemistry 185, 377-382, 1990.
The main modifications are: 1) the use of uncoated
microtiter plates, 2) the cell number per well, 3) the
use of 5% Foetal Bovine Plasma (FBP) instead of 10%
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Foetal Calf Serum (FCS), and 4) the time of incubation in
presence of mitogens and bromodeoxyuridine (BrdU), added
simultaneously to the cultures. 1In addition the cell
monolayer was not washed before fixation to avoid loss of
cells, and the incubation time of monoclonal mouse
anti-BrdU antibody and peroxidase conjugated goat
anti-mouse immunoglobulin (IgG) antibody were doubled to
increase the sensitivity of the assay. The assay,
optimized for rat sciatic nerve Schwann cells, has also
been used for several cell lines, after appropriate
modifications to the cell culture conditions.

I. Methods of Mitogenesis Testing
On day 1, purified Schwann cells were plated onto

uncoated 96 well plates in 5% FBP/Dulbecco’s Modified
Eagle Medium (DMEM) (5,000 cells/well). On day 2, GGFs
or other test factors were added to the cultures, as well
as BrdU at a final concentration of 10 um. After 48
hours (day 4) BrdU incorporation was terminated by
aspirating the medium and cells were fixed with 200
nwl/well of 70% ethanol for 20 min at room temperature.
Next, the cells were washed with water and the DNA
denatured by incubation with 100 ul 2N HCl for 10 min at
37°C. Following aspiration, residual acid was
neutralized by filling the wells with 0.1 M borate
buffer, pH 9.0, and the cells were washed with phosphate
buffered saline (PBS). Cells were then treated with 50
£l of blocking buffer (PBS containing 0.1% Triton X 100
and 2% normal goat serum) for 15 min at 37°C. After
aspiration, monoclonal mouse anti-BrdU antibody (Dako
Corp., Santa Barbara, CA) (50 ul/well, 1.4 pg/ml diluted
in blocking buffer) was added and incubated for two hours
at 37°C. Unbound antibodies were removed by three washes
in PBS containing 0.1% Triton X-100 and
peroxidase-conjugated goat ant-mouse IgG antibody (Dako
Corp., Santa Barbara, CA) (50 pl/well, 2 ug/ml diluted in
blocking buffer) was added and incubated for one hour at
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37°C. After three washes in PBS/Triton and a final rinse
in PBS, wells received 100 ul/well of 50 mM
phosphate/citrate buffer, pH 5.0, containing 0.05% of the
soluble chromogen o-phenylenediamine (OPD) and 0.02% H,0,.
The reaction was terminated after 5-20 min at room
temperature, by pipetting 80 pl from each well to a clean
plate containing 40 pl/well of 2N sulfuric acid. The
absorbance was recorded at 490nm using a plate reader
(Dynatech Labs). The assay plates containing the cell
monolayers were washed twice with PBS and
immunocytochemically stained for BrdU-DNA by adding 100
1l/well of the substrate diaminobenzidine (DAB) and 0.02%
H,0, to generate an insoluble product. After 10-20 min
the staining reaction was stoﬁped by washing with water,
and BrdU-positive nuclei observed and counted using an
inverted microscope. occasionally, negative nuclei were
counterstained with 0.001% Toluidine blue and counted as
before.

II. Cell lines used for Mitogenesis Assays
Swiss 3T3 Fibroblasts: Cells, from Flow Labs, were

maintained in DMEM supplemented with 10% FCS, penicillin
and streptomycin, at 37°C in a humidified atmosphere of
10% CO, in air. Cells were fed or subcultured every two
days. For mitogenic assay, cells were plated at a
density of 5,000 cells/well in complete medium and
incubated for a week until cells were confluent and
gquiescent. The serum containing medium was removed and
the cell monolayer washed twice with serum free-medium.
106 #l of serum free medium containing mitogens and 10uM
of BrdU were added to each well and incubated for 48
hours. Dose responses to GGFs and serum or PDGF (as a

positive control) were performed.

BHK (Baby Hamster Kidney) 21 C13 Fibroblasts: Cells
from European Collection of Animal Cell Cultures (ECACC),
were maintained in Glasgow Modified Eagle Medium (GMEM)
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supplemented with 5% tryptose phosphate broth, 5% FCS,
penicillin and streptomycin, at 37°C in a humidified
atmosphere of 5% CO0, in air. Cells were fed or
subcultured every two to three days. For mitogenic
assay, cells were plated at a density of 2,000 cell/well
in complete medium for 24 hours. The serum containing
medium was then removed and after washing with serum free
medium, replaced with 100 pl of 0.1% FCS containing GMEM
or GMEM alone. GGFs and FCS or bFGF as positive controls
were added, coincident with 10uM BrdU, and incubated for

"~ 48 hours. Cell cultures were then processed as described

for Schwann cells.

C6 Rat Glioma Cell Line: Cells, obtained at passage
39, were maintained in DMEM containing 5% FCS, 5% Horse
serum (HS), penicillin and streptomycin, at 37°C in a
humidified atmosphere of 10% C0, in air. Cells were fed
or subcultured every three days. For mitogenic assay,
cells were plated at a density of 2,000 cells/well in
complete medium and incubated for 24 hours. Then medium
was replaced with a mixture of 1:1 DMEM and F12 medium
containing 0.1% FCS, after washing in serum free medium.
Dose responses to GGFs, FCS and aFGF were then performed
and cells were processed through the ELISA as previously
described for the other cell types. )

PCl12 (Rat Adrenal Pheochromocytoma Cells): Cells
from ECACC, were maintained in RPMI 1640 supplemented
with 10% HS, 5% FCS, penicillin and streptomycin, in
collagen coated flasks, at 37°C in a humidified
atmosphere of 5% C0, in air. Cells were fed every three
days by replacing 80% of the medium. For mitogenic
assay, cells were plated at a density of 3,000 cells/well
in complete medium, on collagen coated plates (50 ul/well
collagen, Vitrogen Collagen Corp., diluted 1 : 50, 30 min
at 37°C) and incubated for 24 hours. The medium was then
placed with fresh RPMI either alone or containing 1 mM
insulin or 1% FCS. Dose responses to FCS/HS (1:2) as

positive control and to GGFs were performed as before.
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After 48 hours cells were fixed and the ELISA performed

as previously described.

III. Results of Mitogenesis Assays: All the

experiments presented in this Example were performed
using a highly purified sample from a Sepharose 12
chromatography purification step (see Example 1, section
D) containing a mixture of GGF-I and GGF-II (GGFs).

First, the results obtained with the BrdU
incorporation assay were compared with the classical
mitogenic assay for Schwann cells based on [125]I-UdR
incorporation into DNA of dividing cells, described by
J.P.Brockes (Methods Enzymol. 147:217, 1987).

Figure 13 shows the comparison of data obtained with
the two assays, performed in the same cell culture
conditions (5,000 cells/well, in 5% FBP/DMEM, incubated
in presence of GGFs for 48hrs). As clearly shown, the
results are comparable, but BrdU incorporation assay
appears to be slightly more sensitive, as suggested by
the shift of the curve to the left of the graph, i.e. to
lower concentrations of GGFS.

As described under the section "Methods of
Mitogenesis Testing", after the immunoreactive BrdU-DNA
has been quantitated by reading the intensity of the
soluble product of the OPD peroxidase reaction, the
original assay plates containing cell monolayers can
undergo the second reaction resulting in the insoluble
DAB product, which stains the BrdU positive nuclei. The
microcultures can then be examined under an inverted
microscope, and cell morphology and the numbers of
BrdU-positive and negative nuclei can be observed.

In Figure 14a and Figure 14b the BrdU-DNA
immunoreactivity, evaluated by reading absorbance at 490
nm, is compared to the number of BrdU-positive nuclei and
to the percentage of BrdU-positive nuclei on the total
number of cells per well, counted in the same cultures.

Standard deviations were less than 10%. The two
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evaluation methods show a very good correlation and the
discrepancy between the values at the highest dose of .
GGFs can be explained by the different extent of DNA
synthesis in cells detected as BrdU-positive.

The BrdU incorporation assay can therefore provide
additional useful information about the biological
activity of polypeptides on Schwann cells when compared
to the (125) I-UdR incorporation assay. For example, the
data reported in Figure 15 show that GGFs can act on
Schwann cells to induce DNA synthesis, but at lower doses
to increase the number of negative cells present in the
microculture after 48 hours.

The assay has then been used on several cell lines
of different origin. 1In Figure 16 the mitogenic
responses of Schwann cells and Swiss 3T3 fibroblasts to
GGFs are compared; despite the weak response obtained in
3T3 fibroblasts, some clearly. BrdU-positive nuclei were
detected in these cultures. Control cultures were run in
parallel in presence of several doses of FCS or human
recombinant PDGF, showing that the cells could respond to
appropriate stimuli (not shown).

The ability of fibroblasts to respond to GGFs was
further investigated using the BHK 21 C13 cell line.
These fibroblasts, derived from kidney, do not exhibit
contact inhibition or reach a quiescent state when
confluent. Therefore the experimental conditions were
designed to have a very low background proliferation
without compromising the cell viability. GGFs have a
significant mitogenic activity on BHK21 C13 cells as
shown by Figure 17 and Figure 18. Figure 17 shows the
Brdu incorporation into DNA by BHK 21 Cl13 cells
stimulated by GGFS in the presence of 0.1% FCS. The good
mitogenic response to FCS indicates that cell culture
conditions were not limiting. 1In Figure 18 the mitogenic
effect of GGFs is expressed as the number of
BrdU-positive and BrdU-negative cells and as the total

number of cells counted per well. Data are
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representative of two experiments run in duplicates; at
least three fields per well were counted. As observed
for Schwann cells in addition to a proliferative effect
at low doses, GGFs also increase the numbers of
nonresponding cells surviving. The percentage of BrdU
positive cells is proportional to the increasing amounts
of GGFs added to the cultures. The total number of cells
after 48 hours in presence of higher doses of GGFs is at
least doubled, confirming that GGFs induce DNA synthesis
and proliferation in BHK21 C13 cells. Under the same
conditions, cells maintained for 48 hours in the presence
of 2% FCS showed an increase of about six fold (not
shown) .

C6 glioma cells have provided a useful model to
study glial cell properties. The phenotype expressed
seems to be dependent on the cell passage, the cells more
closely resembling an astrocyte phenotype at an early
stage, and an oligodendrocyte phenotype at later stages
(beyond passage 70). C6 cells used in these experiments
were from passage 39 to passage 52. C6 cells are a
highly proliferating population, therefore the
experimental conditions were optimized to have a very low
background of BrdU incorporation. The presence of 0.1%
serum was necessary to maintain cell viability without
significantly affecting the mitogenic responses, as shown
by the dose response to FCS (Figure 19).

In Figure 20 the mitogenic responses to aFGF (acidic
Fibroblast growth factor) and GGFs are expressed as the
percentages of méximal BrdU incorporation obtained in the
presence of FCS (8%). Values are averages of ‘two
experiments, run in duplicates. The effect of GGFs was
comparable to that of a pure preparation of aFGF. aFGF
has been described as a specific growth factor for Cé6
cells (Lim R. et al., Cell Regulation 1:741-746, 1990)
and for that reason it was used as a positive control.
The direct counting of BrdU positive and negative cells

was not possible because of the high cell density in the
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microcultures. In contrast to the cell lines so far
reported, PC12 cells did not show any evident
responsiveness to GGFS, when treated under culture
conditions in which PC12 could respond to sera (mixture
of FCS and HS as used routinely for cell maintenance).
Nevertheless the number of cells plated per well seems to
affect the behavior of PC1l2 cells, and therefore further

experiments are required.

EXAMPLE 4

Isolating and Cloning of Nucleotide Sequences encoding

proteins containing GGF-I and GGF-II peptides
Isolation and cloning of the GGF-II nucleotide

sequences was performed as outlined herein, using peptide
sequence information and library screening, and was
performed as set out below. It will be appreciated that
the peptides of Figures 4 and 5 can be used as the
starting point for isolation and cloning of GGF-I
sequences by following the techniques described herein.
Indeed, Figure 21, SEQ ID Nos. 54-88) shows possible
degenerate oligonucleotide probes for this purpose, and
Figure 23, SEQ ID Nos. 90-119, lists possible PCR
primers. DNA sequence and polypeptide sequence should be
obtainable by this means as with GGF-II, and also DNA
constructs and expression vectors incorporating such DNA
sequence, host cells genetically altered by incorporating
such constructs/vectors, and protein obtainable by
cultivating such host cells. The invention envisages

such subject matter.

I. Design and Synthesis of oliqonuq;eotide Probes and

Primers

Degenerate DNA oligomer probes were designed by
backtranslating the amino acid sequences (derived from
the peptides generated from purified GGF protein) into
nucleotide sequences. Oligomers represented either the

coding strand or the non-coding strand of the DNA
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sequence. When serine, arginine or leucine were included
in the oligomer design, then two separate syntheses were
prepared to avoid ambiguities. For example, serine was
encoded by either TCN or AGY as in 537 and 538 or 609 and
610. Similar codon splitting was done for arginine or
leucine (e.g. 544, 545). DNA oligomers were synthesized
on a Biosearch 8750 4-column DNA synthesizer using f-
cyanoethyl chemistry operated at 0.2 micromole scale
synthesis. Oligomers were cleaved off the column (500
angstrom CpG resins) and deprotected in concentrated
ammonium hydroxide for 6-24 hours at 55-60°C.

Deprotected oligomers were dried under vacuum (Speedvac)
and purified by electrophoresis in gels of 15% acrylamide
(20 mono : 1 bis), 50 mM Tris-borate-EDTA buffer
containing 7M urea. Full length oligomers were detected
in the gels by UV shadowing, then the bands were excised
and DNA oligomers eluted into 1.5 mls H20 for 4-16 hours
with shaking. The eluate was dried, redissolved in 0.1
ml H,0 and absorbance measurements were taken at 260nm.

Concentrations were determined according to the
following formula:

(A 260 x units/ml) (60.6/length = x uM)

All oligomers were adjusted to 50 uM concentration
by addition of H,0.

Degenerate probes designed as above are shown in
Figure 21, SEQ ID Nos. 54-88.

PCR primers were prepared by essentially the same
procedures that were used for probes with the following
modifications. Linkers of thirteen nucleotides
containing restriction sites were included at the 5’ ends
of the degenerate oligomers for use in cloning into
vectors. DNA synthesis was performed at 1 micromole
scale using 1,000 angstrom CpG resins and inosine was
used at positions where all four nucleotides were
incorporated normally into degenerate probes.
Purifications of PCR primers included an ethanol
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precipitation following the gel electrophoreéis
purification.

II. Library Construction and Screening

A bovine genomic DNA library was purchased from
Stratagene (Catalogue Number: 945701). The library
contained 2 x 10°® 15-20kb Sau3Al partial bovine DNA
fragments cloned into the vector lambda DashII. A bovine
total brain CDNA library was purchased from Clonetech
(Catalogue Number: BL 10139). Complementary DNA

10 libraries were constructed (In Vitrogen; Stratagene) from

 mRNA prepared from bovine total brain, from bovine

pituitary and from bovine posterior pituitary. 1In
Vitrogen prepared two cDNA libraries: one library was in
the vector lambda g10, the other in vector pcDNAI (a
plasmid library). The Stratagene libraries were prepared
in the vector lambda unizap. Collectively, the cDNA
libraries contained 14 million primary recombinant phage.

The bovine genomic library was plated on E. coli K12
host strain LE392 on 23 x 23 cm plates (Nunc) at 150,000

20 to 200,000 phage plaques per plate. Each plate
represented approximately one bovine genome equivalent.
Following an overnight incubation at 37°c, the plates
were chilled and replicate filters were prepared
according to procedures of Maniatis et al. (2:60-81).
Four plaque lifts were prepared from each plate onto
uncharged nylon membranes (Pall Biodyne A or MSI
Nitropure). The DNA was immobilized onto the membranes
by cross-linking under UV light for 5 minutes or, by
baking at 80°C under vacuum for two hours. DNA probes

30 were labelled using T4 polynucleotide kinase (New England
Biolabs) with gamma'32P ATP (New England Nuclear; 6500
Ci/mmol) according to the specifications of the
suppliers. Briefly, 50 pmols of degenerate DNA oligomer
were incubated in the presence of 600 uCi gamma 3*P-ATP
and 5 units T4 polynucleotide kinase for 30 minutes at

37°C. Reactions were terminated, gel electrophoresis
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loading buffer was added and then radiolabelled probes
were purified by electrophoresis. 32P labelled probes
were excised from gel slices and eluted into water.
Alternatively, DNA probes were labelled via PCR
amplification by incorporation of a-32P-dATP or a-32P
dCTP according to the protocol of Schowalter and Sommer,
Anal. Biochem 177:90-94 (1989). Probes labelled in PCR
reactions were purified by desalting on Sephadex G-150
columns.

Prehybridization and hybridization were performed in
GMC buffer (0.52 M NaPi, 7% SDS, 1% BSA, 1.5 mM EDTA, O.1
M NaCl 10 mg/ml tRNA). Washing was performed in
oligowash (160 ml 1 M Na,HPO,, 200 ml 20% SDS, 8.0 ml 0.5
M EDTA, 100 ml 5M NaCl, 3632 ml H20). Typically, 20
filters (400 sg. centimeters each) representing replicate
copies of ten bovine genome equivalents were incubated in
200 ml hybridization solution with 100 pmols of
degenerate oligonucleotide probe (128-~512 fold
degenerate). Hybridization was allowed to occur
overnight at 5°C below the minimum melting temperature
calculated for the degenerate probe. The calculation of
minimum melting temperature assumes 2°C for an AT pair
and 4°C for a GC pair.

Filters were washed in repeated changes of oligowash
at the hybridization temperatures four to five hours and
finally, in 3.2M tetramethylammonium chloride, 1% SDS
twice for 30 min at a temperature dependent on the DNA
probe length. For 20mers, the final wash temperature was
60°C. Filters were mounted, then exposed to X-ray film
(Kodak XARS5) using intensifying screens (Dupont Cronex
Lightening Plus). Usually, a three to five day film
exposure at minus 80°C was sufficient to detect duplicate
signals in these library screens. Following analysis of
the results, filters could be stripped and reprobed.
Filters were stripped by incubating through two
successive cycles of fifteen minutes in a microwave oven

at full power in a solution of 1% SDS containing 1lomM
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EDTA pH8. Filters were taken through at least three to
four cycles of stripping and reprobing with various

probes.

III. Recombinant Phage Isolation, Growth and DNA

Preparation
These procedures followed standard protocol as

described in Recombinant DNA (Maniatis et al 2:60-2:81).

IV. 2Analysis of Isolated Clones Using DNA Digestion and
Southern Blots
Recombinant Phage DNA samples (2 micrograms) were

digested according to conditions recommended by the
restriction endonuclease supplier (New England Biolabs).
Following a four hour incubation at 37°C, the reactions
products were precipitated in the presence of 0.1M sodium
acetate and three volumes of ethanol. Precipitated DNA
was collected by centrifugation, rinsed in 75% ethanol
and dried. All resuspended samples were loaded onto
agarose gels (typically 1% in TAE buffer; 0.04M Tris
acetate, 0.002M EDTA). Gel runs were at 1 volt per
centimeter from 4 to 20 hours. Markers included lambda
Hind III DNA fragments and/or ©X174HaeIII DNA fragments
(New England Biolabs). The gels were stained with 0.5
micrograms/ml of ethidium bromide and photographed. For
southern blotting, DNA was first depurinated in the gel
by treatment with 0.125 N HCl, denatured in 0.5 N NaOH
and transferred in 20x SSC (3M sodium chloride, 0.03 M
sodium citrate) to uncharged nylon membranes. Blotting
was done for 6 hours up to 24 hours, then the filters
were neutralized in 0.5 Tris HCl pH 7.5, 0.15 M sodium
chloride, then rinsed briefly in 50 mM Tris-borate EDTA.
For cross-linking, the filters were wrapped first in
transparent plastic wrap, then the DNA side exposed for
five minutes to an ultraviolet light. Hybridization and
washing was performed as described .for library screening

(see section 2 of this Example). For hybridization
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analysis to determine whether similar genes exist in
other species slight modifications were made. The DNA
filter was purchased from Clonetech (Catalogue Number
7753-1) and contains 5 micrograms of EcoRI digested DNA
from various species per lane. The probe was labelled by
PCR amplification reactions as described in section 2
above, and hybridizations were done in 80% buffer B(2 g
polyvinylpyrrolidine, 2 g Ficoll-400, 2 g bovine serum
albumin, 50 ml 1M Tris-HCl1l (pH 7.5) 58 g NaCl, 1 g sodium
pyrophosphate, 10 g sodium dodecyl sulfate, 950ml H,0)
containing 10% dextran sulfate. The probes were
denatured by boiling for ten minutes then rapidly cooling
in ice water. The probe was added to the hybridization
buffer at 10° dpm *P per ml and incubated overnight at
60°C. The filters were washed at 60°C first in buffer B
followed by 2X SSC, 0.1% SDS then in 1x SSC, 0.1% SDS.
For high stringency, experiments, final washes were done
in 0.1 x SSC, 1% SDS and the temperature raised to 65°C.

Southern blot data were used to prepare a
restriction map of the genomic clone and to indicate
which subfragments hybridized to the GGF. probes
(candidates for subcloning).

V. Subcloning of Segments of DNA Homologous to

Hybridization Probes
DNA digests (e.g. 5 micrograms) were loaded onto 1%

agarose gels then appropriate fragments excised from the
gels following staining. The DNA was purified by
adsorption onto glass beads followed by elution using the
protocol described by the supplier (Bio 101). Recovered
DNA fragments (100-200 ng) were ligated into linearized
dephosphorylated vectors, e.g. pT3T7 (Ambion), which is a
derivative of pUC18, using T4 ligase (New England
Biolabs). This vector carries the E. coli f lactamase
gene, hence, transformants can be selected on plates
containing ampicillin. The vector also supplies (-

galactosidase complementation to the host cell, therefore
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non-recombinants (blue) can be detected using
isopropylthiogalactoside and Bluogal (Bethesda Research
Labs). A portion of the ligation reactions was used to
transform E. coli K12 XLl blue competent cells
(Stratagene Catalogue Number: 200236) and then the
transformants were selected on LB plates containing 50
micrograms per ml ampicillin. White colonies were \
selected and plasmid mini preps were prepared for DNA
digestion and for DNA sequence analysis. Selected clones
were retested to determine if their insert DNA hybridized
with the GGF probes.

VI. DNA Seguencing
Double stranded plasmid DNA templates were prepared

from 5 ml cultures according to standard protocols.
Sequencing was by the dideoxy chain termination method
using Sequenase 2.0 and a dideoxynucleotide sequencing
kit (US Biochemical) according to the manufacturers
protocol (a modification of Sanger et al. PNAS; USA
74:5463 (1977)]. Alternatively, sequencing was done in a
DNA thermal cycler (Perkin Elmer, model 4800) using a
cycle sequencing kit (New England Biolabs; Bethesda
Research Laboratories) and was performed according to
manufacturers instructions using a 5’-end labelled
primer. Sequence primers were either those supplied
with the sequencing kits or were synthesized according to
sequence determined from the clones. Sequencing
reactions were loaded on and resolved on 0.4mm thick
sequencing gels of 6% polyacrylamide. Gels were dried
and exposed to X-Ray film. Typically, 35S was
incorporated when standard sequencing kits were used and
a 32P end labelled primer was used for cycle sequencing
reactions. Sequences were read into a DNA sequence
editor from the bottom of the gel to the top (5
direction to 3’) and data were analyzed using programs
supplied by Genetics Computer Group (GCG, University of
Wisconsin).
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VII. RNA Preparation and PCR Amplification

Open reading frames detected in the genomic DNA and
which contained sequence encoding GGF peptides were
extended via PCR amplification of pituitary RNA. RNA was
prepared from frozen bovine tissue (Pelfreeze) according
to the guanidine neutral-CsCl procedure (Chirgwin et. al.
Biochemistry 18:5294(1979).) Polyadenylated RNA was
selected by 0ligo-dT cellulose column chromatography
(Aviv and Leder PNAS (USA) 69:1408 (1972)).

Specific DNA target sequences were amplified
beginning with either total RNA or polyadenylated RNA
samples that had been converted to cDNA using the Perkin
Elmer PCR/RNA Kit Number: N808-0017. First strand
reverse transcription reactions used 1 ug template RNA
and either primers of oligo AT with restriction enzyme
recognition site linkers attached or specific antisense
primers determined from cloned sequences with restriction
sites attached. To produce the second strand, the
primers either were plus strand unique sequences as used
in 3’ RACE reactions (Frohman et. al., PNAS (UsSA) 85:8998
(1988)) or were oligo dT primers with restriction sites
attached if the second target site had been added by
terminal transferase tailing first strand reaction
products with dATP (e.g. 5’ race reactions, Frohman et.
al., ibid). Alternatively, as in anchored PCR reactions
the second strand primers were degenerate, hence,
representing particular peptide sequences.

The amplification profiles followed the following
general scheme: 1) five minutes soak file at 95°C; 2)
thermal cycle file of 1 minute, 95°C; 1 minute ramped
down to an annealing temperature of 45°C, 50°C or 55°C;
maintain the annealing temperature for one minute; ramp
up to 72°C over one minute; extend at 72°C for one minute
or for one minute plus a 10 second auto extension; 3)
extension cycle at 72°C, five minutes, and; 4) soak file
4°C for infinite time. Thermal cycle files (#2) usually
were run for 30 cycles. A sixteen ul sample of each 100
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pl amplification reaction was analyzed by electrophoresis
in 2% Nusieve 1% agarose gels run in TAE buffer at 4
volts per centimeter for three hours. The gels were
stained, then blotted to uncharged nylon membranes which
were probed with labelled DNA probes that were internal
to the primers.

Specific sets of DNA amplification products could be
identified in the blotting experiments and their
positions used as a guide to purification and
reamplification. When appropriate, the remaining
portions of selected samples were loaded onto preparative
gels, then following electrophoresis four to five slices
of 0.5 mm thickness (bracketing the expected position of
the specific product) were taken from the gel. The
agarose was crushed, then soaked in 0.5 ml of
electrophoresis buffer from 2-16 hours at 40°C. The
crushed agarose was centrifuged for two minutes and the
aqueous phase was transferred to fresh tubes.

Reamplification was done on five microliters
(roughly 1% of the product) of the eluted material using
the same sets of primers and the reaction profiles as in
the original reactions. When the reamplification
reactions were completed, samples were extracted with
chloroform and transferred to fresh tubes. Concentrated
restriction enzyme buffers and enzymes were added to the
reactions in order to cleave at the restriction sites
present in the linkers. The digested PCR products were
purified by gel electrophoresis, then subcloned into
vectors as described in the subcloning section above.

DNA sequencing was done described as above.

VIII. DNA Sequence Analysis

DNA sequences were assembled using a fragment
assembly program and the amino acid sequences deduced by
the GCG programs GelAssemble, Map and Translate. The
deduced protein sequences were used as a dquery sequence

to search protein sequence databases using WordSearch.
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Analysis was done on a VAX Station 3100 workstation
operating under VMS 5.1. The database search was done on

SwissProt release number 21 using GCG Version 7.0.

IX. Results of Cloning and Sequencing of genes encoding
GGF-I and GGF-II

As indicated above, to identify the DNA sequence
encoding bovine GGF-II degenerate oligonucleotide probes
were designed from GGF-II peptide sequences.‘GGF—II 12
(SEQ ID No. 44), a peptide generated via lysyl
endopeptidase digestion of a purified GGF-II preparation
(see Figures 11 and 12) showed strong amino acid sequence
homology with GGF-I 07 (SEQ ID No. 39), a tryptic
peptide generated from a purified GGF-I preparation.
GGF-II 12 was thus used to create ten degenerate
oligonucleotide probes (see oligos 609, 610 and 649 to
656 in Figure 21, SEQ ID Nos. 69, 70, 71 and 79,
respectively). A duplicate set of filters were probed
with two sets (set 1=609, 610; set 2=649-5656) of probes
encoding two overlapping portions of GGF-II 12.
Hybridization signals were observed, but, only one clone
hybridized to both probe sets. The clone (designated
GGF2BG1) was purified.

Southern blot analysis of DNA from the phage clone
GGF2BG1 confirmed that both sets of probes hybridized
with that bovine DNA sequence, and showed further that
both probes reacted‘with the same set of DNA fragments
within the clone. Based on those experiments a 4 kb Eco
RI sub-fragment of the original clone was identified,
subcloned and partially sequenced. Figure 22 shows the
nucleotide sequence, SEQ ID No. 89) and the deduced amino
acid sequence of the initial DNA sequence readings that
included the hybridization sites of probes 609 and 650,
and confirmed that a portion of this bovine genomic DNA
encoded peptide 12 (KASLADSGEYM).

Further sequence analysis demonstrated that GGF-II
12 resided on a 66 amino acid open reading frame (see
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below) which has become the starting point for the
isolation of overlapping sequences representing a
putative bovine GGF-II gene and a CDNA.

Several PCR procedures were used to obtain
additional coding sequences for the putative bovine
GGF-II gene. Total RNA and oligo dT-selected (poly A
containigé) RNA samples were prepared from bovine total
pituitary, anterior pituitary, posterior pituitary, and
hypothalamus. Using primers from the list shown in
Figure 23, SEQ ID Nos. 109-119, one-sided PCR reactions
(RACE) were used to amplify cDNA ends in both the 3’ and
5/ directions, and anchored PCR reactions were performed
with degenerate oligonucleotide primers representing
additional GGF-1I peptides. Figure 24 summarizes the
contiguous DNA structures and sequences obtained in those
experiments. From the 3’ RACE reactions, three
alternatively spliced cDNA sequences were produced,
which have been cloned and sequenced. A 5’ RACE
reaction led to the discovery of an additional exon
containing coding sequence for at 1least 52 amino acids.
Analysis of that deduced amino acid sequence revealed
peptides GGF-II-6 and a sequence similar to GGF-I-18 (see
below). The anchored PCR reactions led to the
identification of (cDNA) coding sequences of peptides
GGF-II-1, 2, 3 and 10 contained within an additional cDNA
segment of 300 bp. The 5’ limit of this segment (i.e.,
segment E, see Fig.r31) is defined by the oligonucleotide
which encodes peptide GGF~II-1 and which was used in the
PCR reaction (additional 5’ sequence data exists as
described for the human clone in Example 6). Thus this
clone contains nucleotide sequences encoding six out of
the existing total of nine novel GGF-II peptide
sequences.

The cloned gene was characterized first by
constructing a physical map of GGF2BGl that allowed us to
position the coding sequences as they were found (see

below, Figure 25). DNA probes from the coding sequences
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described above have beén used to identify further DNA
fragments containing the exons on this phage clone and to
identify clones that overlap in both directions. The
putative bovine GGF-II gene is divided into at least 5
coding segments. Coding segments are defined as discrete
lengths of DNA sequence which can be translated into
polypeptide sequences using the universal genetic code.
The coding segments described in Figure 31 and referred
to in the present application are: 1) particular exons
present within the GGF gene (e.g. coding segment a), or
2) derived from sets of two or more exons that appear in
specific sub-groups of mRNAs, where each set can be
translated into the specific polypeptide segments as in
the gene products shown. The polypeptide segments
referred to in the claims are the translation products of
the analogous DNA coding segments. Only coding segments
A and B have been defined as exons and sequenced and
mapped thus far. The summary of the contiguous coding
sequences identified is shown in Figure 26. The exons
are listed (alphabetically) in the order of their
discovery. It is apparent from the intron/exon
bourdaries that exon B may be included in cDNAs that
con:zct coding segment E and coding segment A. That is,
exon B cannot be spliced out without compromising the
reading frame. Therefore, we suggest that three
alternative splicing patterns can produce putative bovine
GGF-II cDNA sequences 1, 2 and 3. The coding sequences
of these, designated GGF2BPPl.CDS, GGF2BPP2.CDS and
GGF2BPP3.CDS, respectively, are given in Figures 28a (SEQ
ID No. 133), 28b (SEQ ID No. 134), and 28c (SEQ ID No.
135), respectively. The deduced amino acid sequence of
the three cDNAs is also given in Figures 28a, (SEQ ID No.
133), 28b (SEQ ID No. 134), and 28c (SEQ ID No. 135).
The . three deduced structures encode proteins of
lengths 206, 281 and 257 amino acids. The first 183
residues of the deduced protein sequence are identical in

all three gene products. At position 184 the clones
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differ significantly. A codon for glycine GGT in
GGF2BPP1 also serves as a splice donor for GGF2BPP2 and
GGF2BPP3, which alternatively add on exons C, C/D, C/D’
and D or ¢, C/D and D, respectively, and shown in figure
33, SEQ ID No. 149). GGFIIBPP1l is a truncated gene
product which is generated by reading past the coding
segment A splice junction into the following intervening
sequence (intron). This represents coding segment A’ in
figure 31 (SEQ ID No. 140). The transcript ends adjacent
to a canonical AATAAA polyadenylation sequence, and we
suégest that this truncated gene product represents a
bona fide mature transcript. The other two longer gene
products share the same 3’ untranslated sequence and
polyadenylation site.

All three of these molecules contain six of the nine
novel GGF-II peptide sequences (see Figure 12) and
another peptide is highly homologous to GGF-I-18 (see
Figure 27). This finding gives a high probability that
this recombinant molecule encodes at least a portion of
bovine GGF-II. Furthermore, the calculated isoelectric
points for the three peptides are consistent with the
physical properties of GGF-I and II. Since the molecular
size of GGF-II is roughly 60 kD, the longest of the three
cDNAs should encode a protein with nearly one-half of the
predicted number of amino acids.

A probe encompassing the B and A exons was labelled
via PCR amplification and used to screen a cDNA library
made from RNA isolated from bovine posterior pituitary.
One clone (GGF2BPP5) showed the pattern indicated in
figure 30 and contained an additional DNA coding segment
(G) between coding segments A and C. The entire nucleic
acid sequence is shown in figure 32 (SEQ ID No. 148).

The predicted translation product from the longest open
reading frame is 241 amino acids. A portion of a second
cDNA (GGF2BPP4) was also isolated from the bovine
posterior pituitary library using the probe described

above. This clone showed the pattern indicated in figure
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30. This clone is incomplete at the 5’ end, but is a
splicing variant in the sense that it lacks coding‘
segménts G and D. BPP4 also displays a novel 3’ end with
regions H, K and L beyond region C/D. The sequence of
BPP4 is shown in figure 34 (SEQ ID No. 150).

EXAMPLE 5
GGF Sequences_in Various Species

Database searching has not revealed any meaningful
similarities between any predicted GGF translation
products and known protein sequences. This suggests that
GGF-II is the first member of a new family or superfamily
of proteins. 1In high stringency cross hybridization
studies (DNA blotting experiments) with other mammalian
DNAs we have shown, clearly, that DNA probes from this
bovine recombinant molecule can readily detect specific
sequences in a variety of samples tested. A highly
homologous sequence is also detected in human genomic
DNA. The autoradiogram is shown in figure 29. The
signals in the lanes containing rat and human DNA v
represent the rat and human equivalents of the GGF gene,
the sequences of several cDNA’s encoded by this gene have
been recently reported by Holmes et al. (Science 256:
1205 (1992)) and Wen et al. (Cell 69: 559 (1992)).

EXAMPLE 6

Isolation of a Human Sequence Encoding Human GGF2

Several human clones containing sequences from the
bovine GGFII coding segment E were isolated by screening
a human cDNA library prepared from brain stem (Stratagene
catalog #935206). This strategy was pursued based on the
strong link between most of the GGF2 peptides (unique to
GGF2) and the»predicted peptide sequence from clones
containing the bovine E segment. This library was
screened as described in Example 4, Section II using the
oligonucleotide probes 914-919 listed below.
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914TCGGGCTCCATGAAGAAGATGTA
915TCCATGAAGAAGATGTACCTGCT
916ATGTACCTGCTGTCCTCCTTGA
917TTGAAGAAGGACTCGCTGCTCA
918AAAGCCGGGGGCTTGAAGAA
919ATGARGTGTGGGCGGCGAAA

Clones detected with these probes were further
analyzed by hybridization. A probe derived from coding
segment A (see Figure 21), which was produced by labeling
a polymerase chain reaction (PCR) product from segment A,
was also used to screen the primary library. Several
clones that hybridized with both A and E derived probes
were selected and one particular clone, GGF2HBS5, was
selected for further analysis.\ This clone is represented
by the pattern of coding segments (EBACC/D’D as shown in
Figure 31). The E segment in this clone is the human
equivalent of the truncated bovine version of E shown in
Figure 37. GGF2HBS5 is the most likely candidate to
encode GGF-II of all the "putative" GGF-II candidates
described. The length of coding sequence segment E is
786 nucleotides plus 264 bases of untranslated sequence.
The predicted size of the protein encoded by GGF2HBS5 is
approximately 423 amino acids (approximately 45
kilodaltons, see Figure 45, SEQ ID NO: 167), which is
similar to the size of the deglycosylated form of GGF-II
(see Example 16). Additionally, seven of the GGF-II
peptides listed in Figure 27 have equivalent sequences
which fall within the protein sequence predicted from
region E. Peptides II-6 and II-12 are exceptions, which
fall in coding segment B and coding segment A,
respectively. RNA encoding the GGF2HBSS5 protein was
produced in an in vitro transcription system driven by
the bacteriophage T7 promoter resident in the vector
(Bluescript SK [Stratagene Inc.)]) see Figure 44)
containing the GGF2HBS5 insert. This RNA was translated
in a cell free (rabbit reticulocyte) translation system

and the size of the protein product was 45 Kd.
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Additionally, the cell-free product has been assayed in a
Schwann cell mitogenic assay to confirm biological
activity. Schwann cells treated with conditioned medium
show both increased proliferation as measured by
incorporation of 'SI-Uridine and phosphorylation on
tyrosine of a protein in the 185 kilodalton range.

Thus the size of the product encodéd by GGF2HBS5 and the
presence of DNA sequences which encode human peptides
highly homologous to the bovine peptides shown in Figure
12 confirm that GGF2HBS5 encodes the human equivalent of
bovine GGF2. The fact that conditioned media prepared
from cells transformed with this clone elicits Schwann
cell mitogenic activity confirms that the GGFIIHBS5 gene
produce (unlike the BPP5 géne product) is secreted.
Additionally the GGFIIBPP5 gene product seems to mediate
the Schwann cell proliferation response via a receptor
tyrosine kinase such as p185™™ or a closely related

receptor (see Example 14).

EXAMPLE 7

Expression of Human Recombinant GGF2 in Mammalian and
Insect Cells

The GGF2HBS5 cDNA clone encoding human GGF2 (as
described in Example 6 and also referred to herein as
HBS5) was cloned into vector pcDL-SRa296 (Takebe et al.
Mol. Cell. Biol. 8:466-472 (1988) and COS-7 cells were
transfected in 100 mm dishes by the DEAE-dextran method
(Sambrook et al. Molecular Cloning: A Laboratory Manual
2nd ed. CSH Laboratory NY (1989). Cell lysates or

conditioned media from transiently expressing COS cells

were harvested at 3 or 4 days post-transfection. To
prepare lysates, cell monolayers were washed with PBS,
scraped from the dishes lysed by three freeze/thaw cycles
in 150 pl of 0.25 M Tris-HCl, pH8. Cell debris was
pelleted and the supernatant recovered. Conditioned
media samples (7 ml.) were collected, then concentrated

and buffer exchanged with 10 mM Tris, pH 7.4 using



WO 94/00140 PCT/US93/06228

10

20

30

62

Centiprep-10 and Centricon-10 units as described by the
manufacturer (Amicon, Beverly, MA). Rat nerve Schwann
cells were assayed for incorporation of DNA synthesis
precursors, as described (see Example 3). Conditioned
media or cell lysate samples were tested in the Schwann
cell proliferation assay as described in Example 3. The
mitogenic activity data are shown in Fig. 46. The CcDNA,
GGF2HBS5, encoding GGF2 directed the secretion of the
protein product to the medium. A small proportion of
total activity was detectable inside the cells as
determined by assays using cell lysates. GGF2HFB1l and
GGFBPP5 cDNA’s failed to direct the secretion of the
product to the extracellular medium. GGF activity from

these clones was detectable only in cell lysates (Fig.

46) .

Recombinant GGF2 was also expressed in CHO cells.
The GGF2HBS5 cDNA encoding GGF2 was cloned into the EcoRI
site of vector pcdhfrpolyA (Fig. 54) and transfected into
the DHFR negative CHO cell line (DG44) by the calcium
phosphate coprecipitation method (Graham and Van Der Eb,
Virology 52:456-467 (1973). Clones were selected in
nucleotide and nucleoside free a medium (Gibco) in 96-
well plates. After 3 weeks, conditioned media samples
from individual clones were screened for expression of
GGF by the Schwann cell proliferation assay as described
in Example 3. Stable clones which secreted significant
levels of GGF activity into the medium were identified.
Schwann cell proliferation activity data from different
volume aliquots of CHO cell conditioned medium were used
to produce the dose response curve shown in Fig. 47
(Graham and Van Der Eb, Virology 52:456, 1973). This
material was analyzed on a Western blot probed with
polyclonal antisera raised against a GGF2 specific
peptide. A broad band of approximately 69-90 Kd (the
expected size of GGF2 extracted from pituitary and higher
molecular weight glycoforms) is specifically labeled
(Fig. 49, lane 12).
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Recombinant GGF2 was also expressed in insect cells
using Baculovirus expression. Sf9 insect cells were
infected with baculovirus containing the GGF2HBS5 cDNA
clone at a multiplicity of 3-5 (10° cells/ml) and cultured
in 8f900-II medium (Gibco). Schwann cell mitogenic
activity was secreted into the extracellular medium (Fig.
48). Different volumes of insect cell conditioned medium
were tested in the Schwann cell proliferation assay in
the absence of forskolin and the data used to produce the
dose response curve shown in Fig. 48.

This material was also analyzed on a Western blot
(Fig.'47) probed with the GGF II specific antibody
described above. A band of 45 Kd, the size of
deglycosylated GGF-II (see Example 16) was seen.

The methods used in this example were as follows:

Schwann cell mitogenic activity of recombinant human
and bovine glial growth factors was determined as
follows: Mitogenic responses of cultured Schwann cells
were measured in the presence of 5 uM forskolin using
crude recombinant GGF preparations obtained from
transient mammalian expression experiments.

Incorporation of ['PI]-Uridine was determined following an
18-24 hour exposure to materials obtained from
transfected or mock transfected COS cells as described in
the Methods. The mean and standard deviation of four
sets of data are shown. The mitogenic response to
partially purified native bovine pituitary GGF
(carboxymethyl cellulose fraction; Goodearl et al.,
submitted) is shown (GGF) as a standard of one hundred
percent activity.

cDNAs (Fig. 53) were cloned into pcDL-SRa296 (Takebe
et al., Mol. Cell Biol. 8:466-472 (1988)), and COS-7
cells were transfected in 100 mm dishes by the DEAE-
dextran method (Sambrook et al., In Molecular Cloning. A
Laboratory Manual, 2nd. ed. (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, 1989)). Cell
lysates or conditioned media were harvested at 3 or 4
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days post-transfection. To prepare lysates, cell
monolayers were washed with PBS, scraped from the dishes,
and lysed by three freeze/than cycles in 150 ul of 0.25 M
Tris~HCl, pH 8. Cell debris was pelleted and the
supernate recovered. Conditioned media samples (7 mls)
were collected, then concentrated and buffer exchanged
with 10 mM Tris, pH 7.4 using Centriprep-10 and
Centricon-10 units as described by the manufacturer
(Amicon, Beverly, MA). Rat sciatic nerve Schwann cells
were assayed for incorporation of DNA synthesis
precursors, as described (Davis and Stroobant, J. Cell
Biol. 110:1353-1360 (1990); Brockes et al., Brain Res.
165:105-118 (1979)).

Western blots of recombinant CHO cell conditioned
medium were performed as follows: A recombinant CHO
clone was cultured in 7 ml. of MCDB302 protein-free
medium for 3 days. 2 ml of conditioned medium was
concentrated, buffered exchanged against 10 mM Tris-HC1,
pH 7.4 and lyophilized to dryness. The pellet was
resuspended in SDS-PAGE sample buffer, subjected to
reducing SDS gel electrophoresis and analyzed by Western
blotting with a GGF peptide antibody. A CHO control was
done by using conditioned medium from untransfected CHO-
DG44 host and the CHO HBS5 levels were assayed using
conditioned medium from a recombinant clone.

EXAMPLE 8

Isolation of Other Human Segquences Related to Bovine GGF

The result in Examples 5 and 6 indicate that GGF
related sequences from human sources can also be easily
isolated by using DNA probes derived from bovine GGF
sequences. Alternatively the procedure described by
Holmes et al. (Science 256: 1205 (1992)) can be used.
In this example a human protein (heregulin ¢), which
binds to and activates the p185°®® receptor (and is
related to GGF), is purified from a tumor cell line and

the derived peptide sequence is used to produce
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oligonucleotide probes which were utilized to clone the
cDNA’s encoding heregulin. The biochemical assay for
p185°82 receptor activation is distinguished from Schwann
cell proliferation. This is a similar approach to that
used in examples 1-4 for the cloning of GGF sequences
from pituitary cDNAs. The heregulin protein and
compleméﬁtary DNAs were isolated from tumor cell lines
according to the following procedures.

Heregulin was purified from medium conditioned by
MDA-MB-231 breast cancer cells (ATCC #HTB 26) grown on
Percell Biolytica microcarrier beads (Hyclone Labs). The
medium (10 liters) was concentrated ~25-fold by
filtration through a membrane (10-kD cutoff) (Millipore)
and clarified by centrifugation and filtration through a
filter (0.22‘ym). The filtrate was applied to a heparin
Sepharose column (Pharmacia) and the proteins were eluted
with steps of 0.3, 0.6, and 0.9 M NaCl in
phosphate-buffered saline. Activity in the various
chromatographic fractions was measured by quantifying the
increase in tyrosine phosphorylation of p185°®®? in MCF-7
breast tumor cells (ATCC # HTB 22). MCF-7 cells were
plated in 24-well Costar plates in F12 (50%) Dulbecco’s
minimum essential medium (50%) containing serum (10%) (10’
cells per well), and allowed to attach for at least 24
hours. Prior to assay, cells were transferred into
medium without serum for a minimum of 1 hour. Column
fractions (10 to 100 pl) were incubated for 30 min. at
37°. Supernatants were then aspirated and the reaction
was stopped by the addition of SDS-PAGE sample buffer 100
ul). Samples were heated for 5 min. at 100‘C, and
portions (10 to 15 ul) were applied to a tris-glycine gel
(4 to 20%) (Novex). After electrophoresis, proteins were
electroblotted onto a polyvinylidenedifluoride (PVDF)
membrane and then blocked with bovine serum albumin (5%)
in tris-buffered saline containing Tween-20 (0.05%)
(TBST). Blots were probed with a monoclonal antibody
(1:1000 dilution) to phosphotyrosine (Upstate
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Biotechnology) for a minimum of 1 hour at room
temperature. Blots were washed with TBST, probed with an
antibody to mouse immunoglobulin G conjugated to alkaline
phosphatase (Promega) (diluted 1:7500) for a minimum of
30 min. at room temperature. Reactive bands were
visualized with 5-bromo-4-chloro-3-indoyl-l-phosphate and
nitro-blue tetrazolium. Immunoblots were scanned with a
Scan Jet Plus (Hewlett-Packard) densitometer. Signal
intensities for unstimulated MCF-7 cells were 20 to 30
units. Fully stimulated p185°*" yielded signals of 180 to
200 units. The 0.6 M NaCl pool, which contained most of
the activity, was applied to a polyaspartic acid (PolyLC)
column equilibrated in 17 mM sodium phosphate (pH 6.8)
containing ethanol (30%). A linear gradient from 0.3 M
to 0.6 M NaCl in the equilibration buffer was used to
elute bound proteins. A peak of activity (at ~0.45 M
NaCl) was further fractionated on a C4 reversed-phase
column (SynChropak RP-4) equilibrated in buffer
containing TFA (0.1%) and acetonitrile (15%). Proteins
were eluted from this column with an acetonitrile
gradient from 25 to 40% over 60 min. Fractions (1 ml)
were collected, assayed for activity, and analyzed by
SDS-PAGE on tris-glycine gels (4-20%, Novex).
HPLC-purified HRG-a was digested with lysine C in SDS
(0.1%), 10 mM dithiothreitol, 0.1 M NHHCO; (pH 8.0) for
20 hours at 37°C and the resultant fragments were
resolved on a Synéhrom C4 column (4000A°, 0.2 by 10 cm).
The column was equilibrated in 0.1% TFA and eluted with a
l-propanol gradient in 0.1% TFA (W. J. Henzel, J. T.
Stults, C. Hsu, D. W. Aswad, J. Biol. Chem. 264, 15905
(1989)). Peaks from the chromatographic run were dried
under vacuum and sequenced. One of the peptides (eluting
at ~24% l-propanol) gave the sequence
[AJAEKEKTF[C]VNGGEXFMVKDLXNP (SEQ ID No. 162). Residues
in brackets were uncertain and an X represents a cycle in
which it was not possible to identify the amino acid.

The initial yield was 8.5 pmol and the sequence did not
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correspond to any known protein. Residues 1, 9, 15, and
22 were later identified in the cDNA segquence as
cysteine. Direct sequencing of the ~45-kD band from a
gel that had been overloaded and blotted onto a PVDF
membrane revealed a low abundance segquence

XEXKE[G] [R)GK[G]K[G]KKKEXGXG[K] (SEQ ID No. 163) with a
very low initial yield (0.2 pmol). This corresponded to
amino acid residues 2 to 22 of heregulin-a (Fig. 31),
suggesting that serine 2 is the NH,-terminus of proHRG-c.
Although the NH, terminus was blocked, it was observed
that occasionally a small amount of a normally blocked
protein may not be post-translationally modified. The NH,
terminal assignment was confirmed by mass spectrometry of
the protein after digestion with cyanogen bromide. The
COOH-terminus of the isolated protein has not been
definitely identified; however, by mixture sequencing of
proteolytic digests, the mature sequence does not appear
to extend past residue 241. Abbreviations for amino
residues are: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G,
Gly; H, His; I, Ile; K, Lys; L, Leu; M, Met; N, Asn; P,
Pro; Q, Gln; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; and
Y, Tyr.

As a source of cDNA clones, an oligo(dT)-primed Agtl0 (T.
V. Huynn, R. A. Young, R. W. Davis, Agtl0 and Agtll DNA
Cloning Techniques: A Practical Approach, D. Glover, Ed.
(IRC Press, Oxford, (1984)) cDNA library was constructed
(U. Gubler and B. J. Hoffman, Gene 25, 263 (1983)) with
mMRNA purified (J. M. Chirwin, A. E. Przbyla, R. J.
MacDonald, W. J. Rutter, Biochemistry 18, 5294 (1979))
from MDA-MB-231 cells. The following eightfold
degenerate antisense deoxyoligonucleotide encoding the
13-amino acid sequence AEKEKTFCVNGGE (SEQ ID No. 164) (13)
was designed on the basis of human codon freguency optima
(R. Lathe, J. Mol. Biol. 183, 1 (1985)) and chemically
synthesized: .

5/-CTCGCC (G OR T) CC (A OR G) TTCAC (A OR G)
CAGAAGGTCTTCTCCTTCTCAGC-3’ (SEQ ID No. 165). For the
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purpose of probe design a cysteine was assigned to an
unknown residue in the amino acid sequence . The probe
was labeled by phosphorylation and hybridized under
low-stringency conditions to the cDNA library. The
proHRG-a protein was identified in this library. HRB-f1
cDNA was identified by probing a second oligo(dT)-primed
Agt10 library made from MDA-MB-231 cell mRNA with
sequences derived from both the 5’ and 3’ ends of
proHRG-a. Clone 13 (Fig. 2A) was a product of screening
a primed (5’'-CCTCGCTCCTTCTTCTTGCCCTTC-3’ primer (SEQ ID
No. 166); proHRG-a antisense nucleotides 33 to 56)
MDA-MB-231 Agtl0 library with 5’ HRG-a sequence. A
sequence corresponding to the 5’ end of clone 13 as the
probe was used to identify proHRGB2 and proHRGB3 in a
third oligo(dT)-primed Agtl0 library derived from
MDA-MB-231 cell mRNA. Two cDNA clones encoding each of
the four HRGs were sequenced (F. Sanger, S. Milken, A. R.

Coulson, Proc. Natl. Acad. Sci.U.S.A. 74, 5463 1977]).

Another cDNA designated clone 84 has an amino acid
sequence identical to proHRGB2 through amino acid 420. A
stop codon at position 421 is followed by a different

3’-untranslated sequence.

EXAMPLE 9
Isolation of a Further Splicing Variant

The methods in Example 6 produced four closely
related sequences (heregulin «, 1, 2, f3) which arise
as a result of splicing variation. Peles et al. (Cell
69, 205 (1992)), and Wen et al. (Cell 69, 559 (1992))
have isolated another splicing variant (from rat) using a
similar purification and cloning approach to that
described in Examples 1-4 and 6 involving a protein which
binds to p185°8, The cDNA clone was obtained as follows
(via the purification and sequencing of a pl185°*®? binding
protein from a transformed raf fibroblast cell line).

A p185™8 binding protein was purified from

conditioned medium as follows. Pooled conditioned medium
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from three harvests of 500 roller bottles (120 liters
total) was cleared by filtration through 0.2 u filters
and concentrated 31-fold with a Pelicon ultrafiltration
system using membranes with a 20kd molecular size cutoff.
All the purification steps were performed by using a
Pharmacia fast protein liquid chromatography system. The
concentrated material was directly loaded on a column of
heparin-Sepharose (150 ml, preequilibrated with
phosphate-buffered saline (PBS)). The column was washed
with PBS containing 0.2 M NaCl until no absorbance at 280
nm wavelength could be detected. Bound proteins were
then eluted with a continuous gradient (250 ml) of NaCl
(from 0.2 M to 1.0 M), and 5 ml fractions were collected.

- Samples (0.01 ml of the collected fractions were used for

20

30

the quantitative assay of the kinase stimulatory
activity. Active fractions from three column runs (total
volume = 360 ml) were pooled, concentrated to 25 ml by
using a YM10 ultrafiltration membrane (Amicon, Danvers,
MA), and ammonium sulfate was added to reach a
concentration of 1.7 M. After clearance by
centrifugation (10,000 x g, 15 min.), the pooled material
was loaded on a phenyl-Superose column (HR10/10,
Pharmacia). The column was developed with a 45 ml
gradient of (NH,;),S0, (from 1.7 M to no salt) in 0.1 M
Na,PO, (pH 7.4), and 2 ml fractions were collected and
assayed (0.002 ml per sample) for kinase stimulation (as
described in Example 6). The major peak of activity was
pooled and dialyzed against 50 mM sodium phosphate buffer
(pH 7.3). A Mono-S cation-exchange column (HR5/5,
Pharmacia) was preequilibrated with 50 mM sodium
phosphate. After loading the active material (0.884 mg
of protein; 35 ml), the column was washed with the
starting buffer and then developed at a rate of 1 ml/min.
with a gradient of NaCl. The kinase stimulatory activity
was recovered at 0.45-0.55 M salt and was spread over

'r fractions of 2 ml each. These were pooled and |

‘r='2d directly on a Cu*’ chelating columns (1.6 ml, HR2/5
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chelating Superose, Pharmacia). Most of the proteins
adsorbed to the resin, but they gradually eluted with a
30 ml linear gradient of ammonium chloride (0-1 M). The
activity eluted in a single peak of protein at the range
of 0.05 to 0.2 M NH,Cl. Samples from various steps of
purification were analyzed by gel electrophoresis
followed by silver staining using a kit from ICN (Costa
Mesa, CA), and their protein contents were determined
with a Coomassie blue dye binding assay using a kit from
Bio-Rad (Richmond, CA).

The p44 protein (10 ug) was reconstituted in 200 ul
of 0.1 M ammonium bicarbonate buffer (pH 7.8). Digestion
was conducted with L-l-tosyl-amide 2-phenylethyl ‘
chloromethyl ketone-treated trypsin (Serva) at 37°C for
18 hr. at an enzyme-to-substrate ratio of 1:10. The
resulting peptide mixture was separated by reverse-phase
HPLC and monitored at 215 nm using a Vydac C4 micro
column (2.1 mm i.d. x 15 cm, 300 A) and an HP 1090 liquid
chromatographic system equipped with a diode-array
detector and a workstation. The column was equilibrated
with 0.1% trifluoroacetic acid (mobile phase A), and
elution was effected with a linear gradient from 0%-55%
mobile phase B (90% acetonitrile in 0.1% trifluoroacetic
acid) over 70 min. The flow rate was 0.2 ml/min. and the
column temperature was controlled at 25°C. One-third
aliquots of the peptide peaks collected manually from the
HPLC system were characterized by N-terminal sequence
analysis by Edman degradation. The fraction eluted after
27.7 min. (T27.7) contained mixed amino acid sequences
and was further rechromatographed after reduction as
follows: A 70% aliquot of the peptide fraction was dried
in vacuo and reconstituted in 100 pl of 0.2 M ammonium
bicarbonate buffer (pH 7.8). DTT (final concentration 2
mM) was added to the solution, which was then incubated
at 37°C for 30 min. The reduced peptide mixture was then
separated by reverse-phase HPLC using a Vydac column (2.1

mm i.d. x 15 cm). Elution conditions and flow rat were
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identical to those described above. Amino acid sequence
analysis of the peptide was performed with a Model 477
protein sequencer (Applied Biosystems, Inc., Foster City,
CA) equipped with an on-line phenylthiohydantoin (PTH)
amino acid analyzer and a Model 900 data analysis system
(Hunkapiller et al. (1986) In Methods of Protein
Microcharacterization, J.E. Shively, ed. (Clifton, New
Jersey: Humaﬁa Press p. 223-247). The protein was loaded
onto a trifluoroacetic acid-treated glass fiber disc
precycled with polybrene and NaCl. The PTH-amino acid
analysis was performed with a micro liquid chromatography
system (Model 120) using dual syringe pumps and
reverse-phase (C-18) narrow bore columns (Applied

‘Biosystems, 2.1 mm x 250 mm).

RNA was isolated from Ratl-EJ cells by standard
procedures (Maniatis et al., Molecular Cloning: A
Laboratory Manual (Cold Spring Harbor, New York (1982)
and poly (A)* was selected using an mRNA Separator kit
(Clontech Lab, Inc., Palo Alto, CA). cDNA was
synthesized with the Superscript kit (from BRL Life
Technologies, Inc., Bethesda, MD). Column-fractionated
double-strand cDNA was ligated into an Sall- and
Notl-digested pJT-2 plasmid vector, a derivative of the
pCD-X vector (Okayama and Berg, Mol. Cell Biol. 3: 280
(1983)) and transformed into DH10B E. coli cells by
electroporation (Dower et al., Nucl. Acids Res. 16: 6127
(1988)). Approximately 5 x 10° primary transformants were
screened with two oligonucleotide probes that were
derived from the protein sequences of the N-terminus of
NDF (residues 5-24) and the T40.4 tryptic peptide
(residues 7-12). Their respective sequences were as
follows (N indicates all 4 nt):

(1) 5’-ATA GGG AAG GGC GGG GGA AGG GTC NCC CTC NGC
A T
AGG GCC GGG CTT GCC TCT GGA GCC TCT-3’
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(2) 5'-TTT ACA CAT ATA TTC NCC-3’
C G G C

(1: SEQ ID No. 167; 2: SEQ ID No. 168)

The synthetic oligonucleotides were end-labeled with
[v-*P]ATP with T4 polynucleotide kinase and used to
screen replicate sets of nitrocellulose filters. The
hybridization solution contained 6 x SSC, 50 mM sodium
phosphate (pH 6.8), 0.1% sodium pyrophosphate, 2 x
Denhardt’s solution, 50 pug/ml salmon sperm DNA, and 20%
formamide (for probe 1) or no formamide (for probe 2).
The filters were washed at either 50°C with 0.5 x SSC,
0.2% SDS, 2 mM EDTA (for probe 1) or at 37°C with 2 x
SsC, 0.2% SDS, 2 mM EDTA (for probe 2). Autoradiography
of the filters gave ten clones that hybridized with both
probes. These clones were purified by replating and
probe hybridization as described above.

The cDNA clones were sequenced using an Applied
Biosystems 373A automated DNA sequencer and Applied
Biosystems Tag DyeDeoxy™ Terminator cycle sequencing kits
following the manufacture’s instructions. In some
instances, sequences were obtained using [¥S]dATP
(Amersham) and Sequenase™ kits from U.S. Biochemicals
following the manufacturer’s instructions. Both strands
of the cDNA clone 44 were sequenced by using synthetic
oligonucleotides as primers. The sequence of the most 5/
350 nt was determined in seven independent cDNA clones.
The resultant clone demonstrated the pattern shown in
figure 30 (NDF).
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EXAMPLE 10

Strategies for Detecting Other Possible Splicing Variants

Alignment of the deduced amino acid sequences of the
cDNA clones and PCR products of the bovine, and the
published human (Fig. 31) and rat sequences show a high
level of similarity, indicating that these sequences are
derived from homologous genes within the three species.
The variable number of messenger RNA transcripts
detectable at the cDNA/PCR product level is probably due
to extensive tissue-specific splicing. The patterns
obtained and shown in Figure 30 suggests that other
splicing variants exist. A list of probable splicing
variants is indicated in Figure 37. Many of these
variants can be obtained by coding segment specific
probing of cDNA libraries derived from different tissues
and by PCR experiments using primer péirs specific to
particular coding segments. Alternatively, the variants
can be assembled from specific cDNA clones, PCR products
or genomic DNA regions via cutting and splicing
techniques known to one skilled in the art. For example,
a rare restriction enzyme cutting site in a common coding
segment (e.g., A), can be used to connect the FBA amino
terminus of GGF2BPP5 to carboxy terminal sequences of
GGF2BPP1, GGFBPP2, GGFBPP3, or GGFBPP4. If the presence
or the absence of coding segment E and/or G provide
benefit for contemplated and stated uses, then these
coding segments can be included in expression constructs.
These variant sequences can be expressed in recombinant
systems and the recombinant products can be assayed to
determine their level of Schwann cell mitogenic activity
as well as their ability to bind and activate the p185+™

receptor.

EXAMPLE 11
Ide ;% “ication of Functional Elements of GGF

e cadred structures of the family of GGF

nwuer s indizzte that the longest forms (as represented
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by GGF2BPP4) encode transmembrane proteins where the
extracellular part contains a domain which resembles
epidermal growth factor (see Carpenter and Wahl in
Peptide Growth Factors and Their Receptors I pp. 69-133,
Springer-Verlag, NY 1991). The positions of the cysteine
residues in coding segments C and C/D or C/D’ peptide
sequence are conserved with respect to the analogous
residues in the epidermal growth factor (EGF) peptide
sequence (see Figure 35, SEQ ID Nos. 151-153). This
suggests that the extracellular domain functions as
receptor recognition and biological activation sites.
Several of the variant forms lack the H, K, and L coding
segments and thus may be expressed as secreted,
diffusible biologically active proteins. GGF DNA
sequences encoding polypeptides which encompass the EGF-
like domain (EGFL) can have full biological activity for
stimulating glial cell mitogenic activity.

Membrane bound versions of this pfotein may induce
Schwann cell proliferation if expressed on the surface of
neurons during embryogenesis or during nerve regeneration
(where the surfaces of neurons are intimately associated
with the surfaces of proliferating Schwann cells).

Secreted (non membrane bound) GGFs may act as
classically diffusible factors which can interact with
Schwann cells at some distance from their point of
secretion. Other forms may be released from intracells
by sources via tissue injury and cell disruption. An
example of a secreted GGF 1is the protein encoded by
GGF2HBS5 (see example 6); this is the only GGF known
which has been found to be directed to the exterior of
the cell (example 7). Secretion is probably mediated via
an N-terminal hydrophobic sequence found only in region
E, which is the N-terminal domain contained within
recombinant GGF-II encoded by GGF2HBSS5.

Other GGF'’s appear to be non-secreted (see example
6). These GGFs may be injury response forms which are

released as a consequence of tissue damage.
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Other regions of the predicted protein structure of
GGF-II (encoded by GGF2HBS5) and other proteins
containing regions B and A exhibit similarities to the
human basement membrane heparan sulfate proteoglycan core
protein (ref.). The peptide ADSGEY, which is located
next to the second cysteine of the C2 immunoglobulin fold
in these GGF’s, occurs in nine of twenty-two C-2 repeats
found in that basal lamina protein. This evidence
strongly suggests that these proteins may associate with
matrix proteins such.as those associated with neurons and
glia, and may suggest a method for sequestration of glial

growth factors at target sites.

EXAMPLE 12
Purification of GGFs from Recombinant Cells

In order to obtain full length or portions of GGFs
to assay for biological activity, the proteins can be
overproduced using cloned DNA. Several approaches can be
used. A recombinant E. coli cell containing the
sequences described above can be constructed. Expression
systems such as pNH8a or pHHl6a (Stratagene, Inc.) can be
used for this purpose by following manufacturers
procedures. Alternatively, these sequences can be
inserted in a mammalian expression vector and an
overproducing cell line can be constructed. As an
example, for this purpose DNA encoding a GGF, clone
GGF2BPP5 has been expressed in both COS cells and Chinese
hamster ovary cells (see Example 7) (J. Biol. Chem. 263,
3521-3527, (1981)). This vector containing GGF DNA
sequences can be transfected into host cells using
established procedures.

Transient expression can be examir=d or
G4l18-resistant clones can be grown in the presence of
methotrexate to select for cells that amplify the dhfr
gene (contained on the pMSXND vector) and, in the
process, co-amplify the adjacent GGF protein encoding

sequence. Because CHO cells can be maintained in a
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totally serum-free, protein-free medium (Hamilton and
Ham, In Vitro 13, 537-547 (1977)), the desired protein
can be purified from the medium. Western analysis using
the antisera produced in Example 9 can be used to detect
the presence of the desired protein in the conditioned
medium of the overproducing cells.

The desired protein (rGGF-II) was purified from the
medium conditioned by transiently expressing cos cells as
follows. rGGF-II was harvested from the conditioned
medium and partially purified using Cation Exchange
Chromatography (POROS-HS). The column was equilibrated
with 33.3 mM MES pH 6.0. Conditioned media was loaded at
flow rate of 10 ml/min. The peak containing Schwann cell
proliferation activity and immunoreactive (using the
polyclonal antisera was against a GGFII peptide described
above) was eluted with 50 mM Tris, 1M NaCl pH 8.0.
(Figure 50A and 50B respectively). '

rGGF-II is also expressed using a stable Chinese
Ovary Hamster cell line. rGGF-II from the harvested
conditioned media was partially purified using Cation
Exchange Chromatograph (POROS-HS). The column was
equilibrated with PBS pH 7.4. Conditioned media was
loaded at 10 ml/min. The peak containing the Schwann
Cell Proliferative activity and immunoreactivity (using
GGFII polyclonal antisera) was eluted with 50 mM Hepes,
500 mM NaCl pH 8.0. An additional peak was observed at
50 mM Hepes, 1M NaCl pH 8.0 with both proliferation as
well as immunoreactivity (Fig. 51).

YGGF-II can be further purified using Hydrophobic
Interaction Chromatography as a high resolution step;
Cation exchange/Reserve phase Chromatography (if needed
as second high resolution step); A viral inactivation
step and a DNA removal step such as Anion exchange

chromatography.

Detailed description of procedures used are as

follows:
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Schwann Cell Proliferation Activity‘of the
recombinant GGF-II peak eluted from the Cation Exchange
column was determined as follows: Mitogenic responses of
the cultured Schwann cells were measured in the presence
of 5 M Forskolin using the peak eluted by 50 mM Tris 1 M
NaCl pH 8.0. The peak was added at 20 1, 10 1 (1:10) 10
1 and (1:100) 10 1. Incorporation of 'I-Uridine was
determined and expressed as (CPM) following an 18-24 hour
exposure.

An immunoblot using polyclonal antibody raised
against a peptide of GGF-II was carried out as follows:
10 ul of different fractions were ran on 4-12% gradient
gels. The gels were transferred on to Nitrocellulose
paper, and the nitrocellulose blots were blocked with 5%
BSA and probed with GGF-II-specific antibody (1:250
dilution). '»I protein A (1:500 dilution, Specific
Activity = 9.0/Ci/g) was used as the secondary antibody.
The immunoblots were exposed to Kodax X-Ray films for 6
hours. The peak fractions eluted with 1 M NaCl showed a
broad immunoreactive band at 65-90 Kd which is the
expected size range for GGFII and higher molecular weight
glycoforms.

GGF-I1I purification on cation exchange columns was
performed as follows: CHO cell conditioned media
expressing rGGFII was loaded on the cation exchange
column at 10 ml/min. The column was equilibrated with
PBS pH 7.4. The elution was achieved with 50 mM Hepes
500 mM NaCl pH 8.0 and 50 mM Hepes 1M NaCl pH 8.0
respectively. All fractions were analyzed using the
Schwann cell proliferation assay (CPM) described herein.
The protein concentration (mg/ml) was determined by the
Bradford assay using BSA as the standard.

A Western blot using 10 ul of each fraction was
performed. As indicated in Figure 51A and 51B,
immunoreactivity and the Schwann cell activity co-

migrates.
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The Schwann cell mitogenic assay described herein
may be used to assay the expressed product of the full
length clone or any biologically active portions thereof.
The full length clone GGF2BPP5 has been expressed
transiently in COS cells. 1Intracellular extracts of
transfected COS cells show biological activity when
assayed in the Schwann cell proliferatipn assay described
in Example 1. In addition, the full length close
encoding GGF2HBS5 has been expressed transiently in CHO
and insect (Example 7) cells. 1In this case both cell
extract and conditioned media show biological activity in
the Schwann cell proliferation assay described in Example
1. Any member of the family of splicing variant
complementary DNA’s derived from the GGF gene (including
the Heregulins) can be expressed in this manner and
assayed in the Schwann cell proliferation assay by one
skilled in the art.

Alternatively, recombinant material may be isolated
from other variants according to Wen et al. (Cell 69, 559
(1992)) who expressed the splicing variant Neu
differentiation factor (NDF) in COS-7 cells. cDNA clones
inserted in the pJT-2 eukaryotic plasmid vector are under
the control of the SV40 early promoter, and are
3’-flanked with the SV40 termination and polyadenylation
signals. COS-7 cells were transfected with the pJT-2
plasmid DNA by electroporation as follows: 6 x 10° cells
(in 0.8 ml of DMEM and 10% FEBS) were transferred to a
0.4 cm cuvette and mixed with 20 ug of plasmid DNA in 10
pl of TE solution (10 mM Tris-HCl (pH 8.0), 1 mM EDTA).
Electroporation was performed at room temperature at 1600
V and 25 uF using a Bio-Rad Gene Pulser apparatus with
the pulse controller unit set at 200 ohms. The cells
were then diluted into 20 ml of DMEM, 10% FBS and
transferred into a T75 flask (Falcon). After 14 hr. of
incubation at 37°C, the medium was replaced with DMEM, 1%
FBS, and the incubation continued for an additional 48

hr. Conditioned medium containing recombinant protein
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which was harvested from the cells demonstrated
biological activity in a cell line expressing the
receptor for this protein. This cell line (cultured
human breast carcinoma cell line AU 565) was treated with
recombinant material. The treated cells exhibited a
morphology change which is characteristic of the
activation of the erbB2 receptor. Cconditioned medium of
this type also can be tested in the Schwann cell

proliferation assay.

, EXAMPLE 13
Purification and Assay of Other Proteins which bind

p185*82 Receptor

I. Purification of gp30 and p70
Lupu et al. (Science 249, 1552 (1990)) and Lippman

and Lupu (patent application number PCT/US91/03443
(1990)), hereby incorporated by reference, have purified
a protein from conditioned media of a human breast cancer
cell line MDA-MB-231, as follows.

Conditioned media collections were carried using
well-known procedures. The media was concentrated
100-fold in an Amicon ultra-filtration cell (¥YM5
membrane) (Amicon, Danvers, MA). Once clarified and
concentrated, the media were stored at ~20°C while
consecutive collections were made during the following
days. The concentrated media were dialyzed using
Spectra/por® 3 tubing (Spectrum Medical Industries, Los
Angeles, CA) against 100 volumes of 0.1 M acetic acid
over a two day period at 4°C. The material that
precipitated during dialysis was removed by
centrifugation at 4000 rpm for 30 min. at 4°C; protease
inhibitors were added. The clarified sample was then
lyophilized.

Lyophilized conditioned medium was dissolved in 1 M
acetic acid to a final concentration of about 25 mg/ml

total protein. 1Insoluble material was removed by
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centrifugation at 10,000 rpm for 15 minutes. The sample
was then loaded onto a Sephadex G-100 column (XK 16,
Pharmacia, Piscataway, NJ), was equilibrated and was
subjected to elution with 1 M acetic acid at 4°C with an
upward flow of 30 ml/hr. 100 ng of protein was processed
from 4 ml of 100-fold concentrated medium. Fractions
containing 3 ml of eluate were 1yophiiized and
resuspended in 300 wpl PBS for assay and served as a
source for further purification.

Sephadex G-100 purified material was run on
reversed-phase high pressure liquid chromatography
(HPLC). The first step involved a steep acetonitrile
gradient. Steep acetonitrile gradient and all other HPLC
steps were carried out at room temperature after
equilibration of the C3-Reversed phase column with 0.05%
TFA (Trifluoroacetic acid) in water (HPLC-grade). The
sémples were loaded and fractions were eluted with a
linear gradient (0-45% acetonitrile in 0.05% TFA) at a
flow rate of 1 ml/min. over a 30 minute period.
Absorbance was monitored at 280 nm. One ml fractions
were collected and lyophilized before analysis for EGF
receptor-competing activity.

A second HPLC step involved a shallow acetonitrile
gradient. The pool of active fractions from the previous
HPLC step was rechromatographed over the same column.
Elution was performed with a 0-18% acetonitrile gradient
in 0.05% TFA over a 5 minute period followed by a linear
18-45% acetonitrile gradient in 0.05% TFA over a 30
minute period. The flow rate was 1.0 ml/min. and 1 ml
fractions were collected. Human TGFa-like factor was
eluted at a 30-32% acetonitrile concentration as a single
peak detectable by RRA.

Lupu et al. (Proc. Natl. Acad. Sci. 89, 2287 (1992))
purified another protein which binds to the p185°
receptor. This particular protein, p75, was purified
from conditioned medium used for the growth of SKBr-3 (a

human breast cancer cell line) propagated in improved
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Eagle’s medium (IMEM: GIBCO) supplemented with 10% fetal
bovine serum (GIBCO). Protein p75 was purified from
concentrated (100X) conditioned medium using a p185°¢
affinity column. The 94 Kilodalton extracellular domain
of p185°% (which binds p75) was produced via recombinant
expression and was coupled to a polyacrylamide
hydrazido-Sepharose affinity chromatography matrix.
Following coupling the matrix was washed extensively with
ice cold 1.0 M HC1l and the beads were activated with 0.5
M NaNO,. The temperature was maintained at 0°C for 20
minutes and this was followed by filtration and washing
with ice cold 0.1 M HC1l. 500 ml of concentrated
conditioned medium was run through the beads by gravity.
The column was washed and eluted stepwise with 1.0 M
citric acid at pH values from 4.0 to 2.0 (to allow
dissociation of the erbB2 and p75). All fractions were
desalted on Pharmacia PD10 columns. Purification yielded
a homogeneous polypeptide of 75kDa at 3.0-3.5 elution pH
(confirmed by analysis on SDS/PAGE by silver staining).

II. Binding of gp30 to pl85°°B2

The purified gp30 protein was tested in an assay to
5:11)]32 .

determine if it bound to pl8 A competition assay
with a monoclonal antibody against p185°*¥. The gp30
protein displaced antibody binding to p185“8 in SK-BR-3
and MDA-MB-453 cells (human breast carcinoma cell lines
expressing the p185°*® receptor). Schwann cell
proliferation activity of gp30 can also be demonstrated
by treating Schwann cell cultures with purified gp30

using the assay procedure described in Examples 1-3.

IIIJ. Binding of p75 to p185°%B?

To assess whether the 75-kDa polypeptide (p75)
obtained from SKBr-3 conditioned medium was indeed a
ligand for the erbB2 oncoprotein in SKBr-3 cells, a

competition assay as described above for gp30 was used.
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It was found that the p75 exhibited binding activity,
whereas material from other chromatography fractions did
not show such activity (data not shown). The
flow-through material showed some binding activity. .This
might be due to the presence of shed erbB2 ECD.

IV. Other p185™" ligands

Peles et al. (Cell 69, 205 (1992)) have also
purified a 185" stimulating ligand from rat cells, (NDF,
see Example 8 for method). Holmes et al. (Science 256,
1205 (1992)) have purified Heregulin o from human cells
which binds and stimulates 185°*B2 (see example 6).
Tarakovsky et al. Oncogene 6:218 (1991) have demonstrated
bending of a 25 kD polypeptide isolated from activated
macrophages to the Neu receptor, a pl185"™ homology,

herein incorporated by reference.

VI. NDF Isolation

Yarden and Peles (Biochemistry 30, 3543 (1991)) have
identified a 35 kilodalton glycoprotein which will
stimulate the 185°*® receptor. The protein was identified
in conditioned medium according to the following
procedure. Rat I-EJ cells were grown to confluence in
175-cm’ flasks (Falcon). Monolayers were washed with PBS
and left in serum-free medium for 10-16 h. The medium
was discarded and replaced by fresh serum-free medium
that was collected after 3 days in culture. The
conditioned medium was cleared by low-speed
centrifugation and concentrated 100-fold in an Amicon
ultrafiltration cell with a YM2 membrane (molecular
weight cutoff of 2000). Biochemical analyses of the neu
stimulatory activity in conditioned medium indicate that
the ligand is a 35-kD glycoprotein that it is heat stable
but sensitive to reduction. The factor is precipitable
by either high salt concentrations or acidic alcohol.

Partial purification of the molecule by selective
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precipitation, heparin-agarose chromatography, and gel
filtration in dilute acid resulted in an active ligand,
which is capable of stimulating the protooncogenic
receptor but is ineffective on the oncogenic neu protein,
which is constitutively active. The purified fraction,
however, retained the ability to stimulate also the
related fééeptor for EGF, suggesting that these two
receptors are functionally coupled through a
bidirectional mechanism. Alternatively, the presumed
ligand interacts simultaneously with both receptors. The
presented biochemical characteristic of the factor may be
used to enable a completely purified factor with which to
explore these possibilities.

In other publications, Davis et al. (Biochem.
Biophys. Res. Commun. 179, 1536 (1991), Proc. Natl. Acad.
Sci. 88, 8582 (1991) and Greene et al., PCT patent
application PCT/US91/02331 (1990)) describe the
purification of a protein from conditioned medium of a
human T-cell (ATL-2) cell .line.

ATL-2 cell line is an IL-2-independent HTLV-1 (+) T
cell line. Mycoplasm-free ATL-2 cells were maintained in
RPMI 1640 medium containing 10% FCB as the culture medium
(10% FCS-RPMI 1640) at 37°C in a humidified atmosphere
with 5% CO,.

For purification of the proteinaceous substance,
ATL-2 cells were washed twice in 1 x PBS and cultured at
3 x 10° ml in serum-free RPMI 1640 medium/2 mM L-glutamine
for seventy-two hours followed by pelletiné of the cells.
The culture supernatant so produced is termed
"conditioned medium" (C.M.).

C.M. was concentrated 100 fold, from 1 liter to 10
ml, using a YM-2 Diaflo membrane (Amicon, Boston, MA)
with a 10004 cutoff. For use in some assays,
concentrated C.M. containing components greater than 1000
MW were rediluted to original volume with RPMI medium.
Gel electrophoresis using a polyacrylamide gradient gel
(Integrated Separation Systems, Hyde Park, MD or
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Phorecast System by Amersham, Arlington Heights, IL)
followed by silver staining of some of this two column
purified material from the one liter preparation revealed
at least four to five bands of which the 10kD and 20kD
bands were unique to this material. Passed C.M.
containing components less than 1000 NW were used without
dilution:ﬁ

Concentrated conditioned medium was filter
sterilized with a .45y uniflo filter (Schleicher and
Schuell, Keene, NH) and then further purified by
application to a DEAE-SW anion exchange column (Waters,
Inc., Milford, MA) which had been preequilibrated with
10mM Tris-Cl, pH 8.1 Concentrated C.M. proteins
representing one liter of original ATL-2 conditioned
medium .per HPLC run were absorbed to the column and then
eluted with a linear gradient of OmM to 40mM NaCl at a
flow rate of 4 ml/min. Fractions were assayed using an
in vitro immune complex kinase assay with 10% of the
appropriate DEAE fraction (1 column purified material) or
1% of the appropriate C18 fractions (two column purified
material). The activity which increased the tyrosine
kinase activity of pl85c-neu in a dose-dependent manner
using the in vitro immune complex kinase assay was eluted
as one dominant peak across 4 to 5 fractions (36-40)
around 220 to 240 mM of NaCl. After HPLC-DEAE
purification, the proteins in the active fractions were
concentrated and pooied, concentrated and subjected to
Ci18 (million matrix) reverse phase chromatography
(Waters, Inc., Milford, MA) (referred to as the Ci18+1
step or two column purified material). Elution was
performed under a linear gradient of 2-propanol against
0.1% TFA. All the fractions were dialyzed against RPMI
1640 medium to remove the 2-propanol and assayed using
the in vitro immune complex kinase assay, described
below, and a 1% concentration of the appropriate
fraction. The activity increasing the tyrosine kinase

activity of pl85c-neu was eluted in two peaks. One
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eluted in fraction 11-13, while a second, slightly less
active peak of activity eluted in fractions 20-23. These
two peaks correspond to around 5 to 7% of isopropanol and
11 to 14% isopropanol respectively. C18#1 generated
fractions 11-13 were used in the characterization
studies. Active fractions obtained from the second
chromatographic step were pooled, and designated as the
proteinaceous substance sample.

A twenty liter preparation employed the same
purification strategy. The DEAE active fractions 35-41
were pooled and subjected to c18 chromatography as
discussed above. C18#1 fractions 11-13 and 21-24 both
had dose-dependent activity. The pool of fractions 11-13
was subjected to an additional C18 chromatographic step
(referred to as C18#2 or three column purified material).
Again, fractions 11-13 and 21-24 had activity. The dose

response of fraction 23 as determined by in vitro immune

complex kinase assay as described in Example 8 may be
obtained upon addition of 0.005% by volume fraction 23
and 0.05% by volume fraction 23. This represents the
greateét purity achieved.

Molecular weight ranges were determined based on gel
filtration chromatography and ultrafiltration membrane
analysis. Near equal amounts of tyrosine kinase activity
were retained and passed by a 10,000 molecular weight cut
off filter. Almost all activity was passed by a 30,000
molecular weight cut off filter. Molecular weight ranges
for active chromatographic fractions were determined by
comparing fractions containing dose-dependent
neu-activating activity to the elution profiles of a set
of protein molecular weight standards (Sigma Chemical
Co., St. Louis, MO) generated using the same running
conditions. A low molecular weight region of activity
was identified between 7,000 and 14,000 daltons. A
second range of activity ranged from about 14,000 to
about 24,000 daltons.
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After gel electrophoresis using a polyacrylamide
gradient gel (Integrated Separation Systems, Hyde Park,
MD or Phorecase System by Amersham, Arlington Heights,
IL), silver staining of the three-column purified
material (cl18#2) was done with a commercially available
silver staining kit (BioRad, Rockville Centre, NY).
Fraction 21, 22, 23, and 24 from cl18#2 purification of
the twenty liter preparation were run with markers.
Fractions 22 and 23 showed the most potent dose response
in the 185°*® (neu) kinase assay (see below). The fact
that selected molecular weight fractions interact with
18582 wyas demonstrated with an immune complex kinase
assay.

Huang et al. (1992, J. Biol. Chem. 257:11508-11512),
hereby incorporated by reference, have isolated an
additional neu/erb B2 ligand growth factor from bovine
kidney. The 25 kD polypeptide factor was isolated by a
procedure of column fractionation, followed by sequential
column chromatography on DEAE/cellulose (DE52), Sulfadex
(sulfated Sephadex G-50), heparin-Sepharose 4B, and
Superdex 75 (fast protein liquid chromatography). The
factor, NEL-GF, stimulates tyrosine-specific
autophosphorylation of the neu/erb B2 gene product.

VII. Immune complex assay NDF for ligand binding to
p185°®B2: This assay reflects the differences in the
autophosphorylation activity of immunoprecipitated p185
driven by pre-incubation of PN-NR6 cell lysate with
varying amounts of ATL-2 conditioned medium (C.H.) or
proteinaceous substance and is referred to hereinafter as
neu-activating activity.

Cell lines used in the immune complex kinase assay
were obtained, prepared and cultured according to the
methods disclosed in Kokai et al., Cell 55, 287-292 (July
28, 1989) the disclosures of which are hereby
incorporated by reference as if fully set forth herein,
and U.S. application serial number 386,820 filed July 27,
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1989 in the name of Mark I. Green entitled "Methods of
Treating Cancerous Cells with Anti-Receptor Antibodies",
the disclosures of which are hereby incorporated by
reference as if fully set forth herein.

Cell lines were all maintained in DMEM medium
containing 5% FCS as the culture medium (5% FCS-DMEM) at
37°C in a humidified atmosphere with 5% CO,.

Dense cultures of cells in 150 mm dishes were washed
twice with cold PBS, scraped into 10 ml of freeze-thaw
buffer (150 mM NaCl, 1 mM MgCl,, 20 mM Hepes, pH 7.2, 10%
Glycerol, 1 mM EDTA, 1% Aprotinin), and centrifuged
(600 x 6, 10 minutes). Cell pellets were resuspended in
1 ml Lysis buffer (50 mM Hepes, pH 7.5, 150 mM NaCl, 3%
Brij 35, 1 mM EDTA, 1.5 mM MgCl,, 1% Aprotinin, 1 mM EGTA,
20 uM Na,;VO,, 10% Glycerol) and rotated for thirty minutes
at 4°C. All chemicals were from Sigma Chemical Co., St.
Louis, Mo, unless otherwise indicated. The insoluble
materials were removed by centrifugation at 40,000 x g
for thirty minutes. The clear supernatant which was
subsequently used is designated as cell lysate.

The cell lysates were incubated for fifteen minutes
with 50 ul of 50% (volume/volume) Protein A-sepharose
(Sigma Chemical Co., St. Louis, Missouri), and
centrifugated for two minutes to preclear the lysates.

50 pl aliquots of precleared cell lysate were incubated
on ice for fifteen minutes with conditioned medium,
proteinaceous substance, or other factors as specified,
in a final volume of 1 ml with lysis buffer. The sample
was then incubated with 5 ug of 7.16.4 monoclonal
antibody, which recognizes the extracellular domain of
the pl85neu and pl85c-neu, or other appropriate
antibodies, for twenty minutes on ice, followed by a
twenty minute incubation with 50 ul of 50% (vol/vol)
protein A-Sepharose with rotation at 4°C. Immune
complexes were collected by centrifugation, washed four
times with 500 ul of washing buffer (50 mM Hepes, pH 7.5,
0.1%, Brij 35, 150 mM NaCl, 2 mM EDTA, 1% Aprontinin, 30
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pm Na;v0,), then twice with reaction buffer (20 mM Hepes
(PH 7.4), 3 mM MnCl, and 0.1% Brij 35, 30 um Na,VO,).
Pellets were resuspended in 50 ul of reaction buffer and
(Gamma-*P]-ATP (Amersham, Arlington Heights, IL) was
added giving a final concentration of 0.2 um. The
samples were incubated at 27°C for twenty minutes or at
4°C for 25 minutes with purer samples. The reactions
were terminated by addition of 3 x SDS sample buffer
containing 2 mM ATP and 2 mM EDTA and then incubating
them at 100°C for five minutes. The samples were then
subjected to SDS-PAGE analysis on 10% acrylamide gels.
Gels were stained, dried, and exposed to Kodak XAR or XRP
film with intensifying screens.

VIII. Purification of acetylcholine receptor inducing

activity (ARIA)
ARIA, a 42 kD protein which stimulates acetylcholine

receptor synthesis, has been isolated in the laboratory
of Gerald Fischbach (Falls et al., Cell 72:801-815
(1993)). ARIA induces tyrosine phosphorylation of a 185
Kda muscle transmembrane protein which resembles p185¢B2,
and stimulates acetylcholine receptor synthesis in
cultured embryonic myotubes. Sequence analysis of cDNA
clones which encode ARIA shows that ARIA is a member of
the GGF/erbB2 ligand group of proteins, and this is
potentially useful in the glial cell mitogenesis
stimulation and other applications of, e.g., GGF2

described herein.

EXAMPLE 14

Protein tyrosine phosphorvlation mediated by GGF in

Schwann cells

Rat Schwann cells, following treatment with
sufficient levels of Glial Growth Factor to induce
proliferation, show stimulation of protein tyrosine
phosphorylation (figure 36). Varying amounts of
partially purified GGF were applied to a primary culture
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of rat Schwann cells according to the procedure outlined
in Example 3. Schwann cells were grown in DMEM/10% fetal
calf serum/5 uM forskolin/0.5ug per mL GGF-CM (0.5mL per
well) in poly D-lysine coated 24 well plates. When
confluent, the cells were fed with DMEM/10% fetal calf
serum at 0.5mL per well and left in the incubator
overnight to quiesce. The following day, the cells were
fed with 0.2mL of DMEM/10% fetal calf serum and left in
the incubator for 1 hour. Test samples were then added
directly to the medium at different concentrations and
for different lengths of time as required. The cells
were then lysed in boiling lysis buffer (sodium
phosphate, 5mM, pH 6.8; SDS, 2%, (-mercapteothanol, 5%;
dithiothreitol, 0.1M; glycerol, 10%; Bromophenol Blue,
0.4%; sodium vanadate, 10mM), inéubated in a boiling
water bath for 10 minutes and then either analyzed
directly or frozen at -70°C. Samples were analyzed by
running on 7.5% SDS-PAGE gels and then electroblotting
onto nitrocellulose using standard procedures as
described by Towbin et al. (1979) Proc. Natl. Acad. Sci.
USA 76:4350-4354. The blotted nitrocellulose was probed
with antiphosphotyrosine antibodies using standard
methods as described in Kamps and Selton (1988) Oncogene
2:305-315. The probed blots were exposed to
autoradiography film overnight and developed using a
standard laboratory processor. Densitometric
measurements were carried out using an Ultrascan XL
enhanced laser densitometer (LKB). Molecular weight
assignments were made relative to prestained high
molecular weight standards (Sigma). The dose responses
of protein phosphorylation and Schwann cell proliferation
are very similar (figure 36). The molecular weight of
the phosphorylated band is very close to the molecular
weight of p185°*®, similar results were obtained when
Schwann cells were treated with conditioned media
prepared from COS cells translates with the GGF2HBS5S
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clone. These results correlate well with the expected
interaction of the GGFs with and activation of :185%82,

This experiment has been repeated with recombinant
GGF-II. Conditioned medium derived from a CHO cell line
stably transformed with the GGF-II clone (GGF2HBS5)
stimulates protein tyrosine phosphorylation using the
assay described above. Mock transfected CHO cells fail
to stimulate this activity (Fig. 52).

EXAMPLE 15
Assay for»Schwann cell Proliferation by Protein Factor
from the MDA-MB-231 cell line.

Schwann cell proliferation is mediated by
conditioned medium derived from the human breast cancer
cell line MDA-MB-231. On day 1 of the assay, 10 primary
rat Schwann cells were plated in 100 ul of Dulbecco’s
Modified Eagle’s medium supplemented with 5% fetal bovine
plasma per well in a 96 well microtiter plate. On day 2
of the assay, 10 pl of conditioned medium (from the human
breast cancer cell line MDA-MB-231, cultured as described
in Example 6) was added to each well of the microtiter
plate. One day 6, the number of Schwann cells per plate
was determined using an acid phosphatase assay (according
to the procedure of Connolly et al. Anal. Biochem. 152:
136 (1986)). The plate was washed with 100 ul of
phosphate buffered saline (PBS) and 100 ul of reaction
buffer (0.1M sodium acetate, (pH 5.5)), 0.1% Triton
X-100, and 10 mM p-nitrophenyl phosphate) was added per
well. The plate was incubated at 37°C for two hours and
the reaction was stopped’by the addition of 10 ul of 1N
NaOH. The optical density of each sample was read in a
spectrophotometer at 410 nm. A 38% stimulation of cell
number over Schwann cells treated with conditioned medium
from a control cell line (HS-294T, a non-producer of
erbB-2 ligand) was observed. This result shows that a
protein secreted by the MDA-MB-231 cell line (which
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secretes a pl185° pbinding activity) stimulates Schwann

cell proliferation.

EXAMPLE 16
N-glycosylation of GGF

The protein sequence predicted from the cDNA
sequence of GGF-II candidate clones GGF2BPP1,2 and 3
contains a number of consensus N-glycosylation motifs. A
gap in the GGFII02 peptide sequence coincides with the
asparagine residue in one of these motifs, indicating
that carbohydrate is probably bound at this site.

N-glycosylation of the GGFs was studied by observing
mobility changes on SDS-PAGE after incubation with N-
glycanase, an enzyme that cleaves the covalent linkages
between carbohydrate and aspargine residues in proteins.

N-Glycanase treatment of GGF-II yielded a major band
of MW 40-42 kDa and a minor band at 45-48 kDa. Activity
elution experiments under non-reducing conditions showed
a single active deglycosylated species at ca 45-50 kDa.

Activity elution experiments with GGF-I also
demonstrate an increase in electrophoretic mobility when
treated with N-Glycanase, giving an active species of MW
26-28 kDa. Silver staining confirmed that there is a
mobility shift, although no N-deglycosylated band could
be assigned because of background staining in the sample

used.

Deposit

Nucleic acid encoding GGF-II (cDNA, GGF2HBS5)
protein (Example 6) in a plasmid pBluescript 5k, under
the control of the T7 promoter, was deposited in the
American Type Culture Collection, Rockville, Maryland, on
September 2, 1992, and given ATCC Accession No. 75298.
Applicant acknowledges its responsibility to replace this
plasmid should it become non-viable before the end of the
term of a patent issued hereon, and its responsibility to

notify the ATCC of the issuance of such a patent, at
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which time the deposit will be made available to the
public. Prior to that time the deposit will be made

available to the Commissioner of Patents under the terms
of 37 CFR §1.14 and 35 USC §11i2.
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~ What is claimed is:

1. A DNA sequence encoding a polypeptide of the

formula
WYBAZCX

wherein WYBAZCX is composed of the polypeptide
segments shown in Figure 31 (SEQ ID Nos. 136-139, 141-
147, 160, 161, and 163); wherein W comprises polypeptide
segment F, or is absent; wherein Y comprisés polypeptide
segment E, or is absent; wherein Z comprises polypeptide
segment G or is absent; and wherein X comprises
polypeptide segments C/D HKL, C/D H, C¢/D HL, ¢/D D, C/D’
HL, ¢/D’ HKL, ¢/D’ H, ¢/D’ D, C/D C/D’ HKL, ¢/D ¢/D’ H,
¢/b ¢/D’ HL, C/D C/D’ D, C/D D’ H, C/D D’ HL, C/D D’ HKL,
c/D’ D’ H, ¢/D’ D' HKL, C/D C¢/D’ D’ H, C/D C/D’ D’ HL,
C/D C/D’ D’ HKL, or C/D’ D’ HL; provided that, either

a) at least one of F, ¥, B, A, Z, C, or X is of
bovine origin; or

b) Y comprises polypeptide segment E; or

c) X comprises polypeptide segments C/D HKL, C/D D,
c/D’ HKL, ¢/D ¢/D’ HKL, ¢/D ¢/D’ D, ¢/D D’ H, C/D D’ HL,
¢/b D' HKL, C/D’ D’ H, C/D’ D’ HKL, C/D C/D’ D’ H, C/D
c/D’ D’ HL, ¢/D C¢/D’ D' HKL, C/D'H, C/D C/D'H, or C/D
C/D'HL.

2. The DNA sequence of claim 1, wherein X
comprises polypepﬁide segments C/D HKL having the amino
acid sequences shown in Figure 31 (SEQ ID Nos. 136-139,
141-142, 146, 147, 160, 161).

3. The DNA sequence of claim 1, wherein X
comprises polypeptide segments C/D’ H having the amino
acid sequences shown in Figure 31 (SEQ ID Nos. 136-139,
141, 143, 146, 160).

4. The DNA sequence of claim 1, wherein X

comprises polypeptide segments C/D D having the amino
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acid sequences shown in Figure 31 (SEQ ID Nos. 136-139,
141, 142, 144, 160).

5. The DNA sequence of claim 1, wherein X
comprises polypeptide segments C/D’ HKL having the amino

141, 143, 146, 147, 160, 161).

6. The DNA sequence of claim 1, wherein X
comprises polypeptide segments C/D C/D’ HKL having the
amino acid sequences shown in Figure 31 (SEQ ID Nos. 136-
139, 141-143, 146, 147, 160, 161).

7. The DNA sequence of claim 1, wherein X
comprises polypeptide segments C/D C/D’ H having the
amino acid sequences shown in Figure 31 (SEQ ID Nos. 136-
139, 141-143, 146, 160).

8. The DNA sequence of claim 1, wherein X
comprises polypeptide segments C/D C/D’ HL having the
amino acid sequences shown in Figure 31 (SEQ ID Nos. 136-
139, 141-143, 146, 147, 160).

9. The DNA sequence of claim 1, wherein X
comprises polypeptide segments C/D C/D’ D having the
amino acid sequences shown in Figure 31 (SEQ ID Nos. 136-
139, 141-144, 160).

10. The DNA sequence of claim 1, wherein X
comprises polypeptide segments C/D D’H having the amino
acid sequences shown in Figure 31 (SEQ ID Nos. 136-139,
141-142, 145, 146, 160).

11. The DNA sequence of claim 1, wherein X
comprises polypeptide segments C/D D’H L having the amino
acid sequences shown in Figure 31 (SEQ ID Nos. 136-139,
141-142, 145, 146, 147, 160).
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12. The DNA sequence of claim 1, wherein X
comprises polypeptide segments C/D D’H K L having the
amino acid sequences shown in Figure 31 (SEQ ID Nos. 136-
139,'141-142, 145-147, 160, 161).

13. The DNA sequence of claim 1, wherein X
comprises polypeptide segments C/D’ D’ H having the amino
acid sequences shown in Figure 31 (SEQ ID Nos. 136-139,
141, 143, 145, 146, 160).

14. The DNA sequence of claim 1, wherein X
comprises polypeptide segments C/D’ D’ H K L having the
amino acid sequences shown in Figure 31 (SEQ ID Nos. 136-
139, 141, 143, 145-147, 160, 161).

15. The DNA sequence of claim 1, wherein X
comprises polypeptide segments C/D C/D’ D’ H having the
amino acid sequences shown in Figure 31 (SEQ ID Nos. 136-
139, 141-143, 145, 146, 160).

16. The DNA sequence of claim 1, wherein X
comprises polypeptide segments C/D C/D’ D’ H L having the
amino acid sequences shown in Figure 31 (SEQ ID Nos. 136-
139, 141-143, 145-147, 160).

17. The DNA sequence of claim 1, wherein X
comprises polypeptide segments C/D C/D’ D’ H K L having
the amino acid sequences shown in Figure 31 (SEQ ID Nos.
136-139, 141-143, 145-147, 160, 161).

18. The DNA sequence comprising coding segments
FBA* coding for polypeptide segments having the amino
acid seqguences shown in Figure 31 (SEQ ID Nos. 136, 138,
139).

19. The DNA sequence comprising coding segments

“FBA’* coding for polypeptide segments having the amino
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acid sequences shown in Figure 31 (SEQ ID Nos. 136, 138,
140).

20. The DNA sequence comprising coding segments
SFEBAY coding for polypeptide segments having the amino
acid sequences shown in Figure 31 (SEQ ID Nos. 136-139,
163).

21. The DNA sequence comprising coding segments
SFEBA’Y coding for polypeptide segments having the amino
acid sequences shown in Figure 31 (SEQ ID Nos. 136-138,
140, 163).

22. Purified DNA encoding GGF2HBS5.
23. A polypeptide of the formula

WYBAZCX

wherein WYBAZCX is composed of the polypeptide
segments shown in Figure 31 (SEQ ID Nos. 136-139, 141-
147, 160, 161, 163); wherein W comprises polypeptide
segment F, or is absent; wherein Y comprises polypeptide
segment E, or is absent; wherein Z comprises polypeptide
segment G or is absent; and wherein X comprises peptide
segments C¢/D HKL, ¢/D H, ¢/D HL, ¢/D D, ¢/D’ HL, C¢/D’
HKL, ¢/D’ H, C¢/D’ D, C/D C/D’ HKL, ¢/D C/D’ H, C/D C/D’
HL, ¢/D ¢/D’ D, ¢/D D’ H, ¢/D D’ HL, ¢/D D’ HKL, C/D’ D’
H, ¢/D’ D’ HKL, ¢/D C/D’ D’ H, ¢/D ¢/D’ D’ HL, ¢/D C/D’
D’ HKL, or C/D’ D’ HL; provided that, either

- a) at least one of F, Y, B, A, Z, C, or X is of

bovine origin; or

b) Y comprises polypeptide segment E; or

c) X comprises polypeptide segments C/D HKL, C/D’
HKL, ¢/D D, ¢/D C¢/D’ HKL, ¢/D ¢/D’ D, C/D D’ H, C¢/D D’
HL, ¢/D D’ HKL, C¢/D’ D’ H, C¢/D’ D’ HKL, C¢/D ¢/D’ D’ H,
¢/D ¢/D’ D’ HL, ¢/D C¢/D’ D’ HKL, C/D’'H, ¢/D C/D’'H, or C/D
C/D’HL.
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24. A polypeptide of claim 23, wherein X comprises
C/D HKL polypeptide segments having the amino acid
sequences shown in Figure 31 (SEQ ID Nos. 136-139, 141-
142, 146, 147, 160, 161).

25. A polypeptide of claim 23, wherein X comprises
C/D D polypeptide segments having the amino acid
sequences shown in Figure 31 (SEQ ID Nos. 136-139, 141,
142, 144, 160).

26. A polypeptide of claim 23, wherein X comprises
C/D’ H polypeptide segments having the amino acid
sequences shown in Figure 31 (SEQ ID Nos. 136-139, 141,
143, 146, 160). ‘

27. A polypeptide of claim 23, wherein X comprises
C/D’ HKL polypeptide segments having the amino acid
sequences shown in Figure 31 (SEQ ID Nos. 136-139, 141,
143, 146, 147, 160, 161).

28. A polypeptide of claim 23, wherein X comprises
C/D C/D’ HKL polypeptide segments having the amino acid
sequences shown in Figure 31 (SEQ ID Nos. 136-139, 141-
143, 146, 147, 160, 161).

29. A polypeptide of claim 23, wherein X comprises
C/D C/D’ H polypeptide segments having the amino acid
sequences shown in Figure 31 (SEQ ID Nos. 136-139, 141-
143, 146, 160).

30. A polypeptide of claim 23, wherein X comprises
C/D C/D’ HL polypeptide segments having the amino acid
sequences shown in Figure 31 (SEQ ID Nos. 136-139, 141-
143,146, 147, 160).

31. A polypeptide of claim 23, wherein X comprises

C/D C/D’ D, polypeptide segments having the amino acid
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sequences shown in Figure 31 (SEQ ID Nos. 136-139, 141-
144, 160).

32. A polypeptide of claim 23, wherein X comprises
c/D D'H polypeptide segments having the amino acid
sequences shown in Figure 31 (SEQ ID Nos. 136-139, 141,
142, 145, 146, 160).

33. A polypeptide of claim 23, wherein X comprises
C/D D'H L polypeptide segments having the amino acid
sequences shown in Figure 31 (SEQ ID Nos. 136-139, 141,
142, 145-147, 160).

34. A polypeptide of claim 23, wherein X comprises
Cc/D D'H K L. polypeptide segments having the amino acid
sequences shown in Figure 31 (SEQ ID Nos. 136-139, 141,
142, 145-147, 160, 161).

35. A polypeptide of claim 23, wherein X comprises
c/D’ D’ H polypeptide segments having the amino acid
sequences shown in Figure 31 (SEQ ID Nos. 136-139, 141,
143, 145, 146, 160).

36. A polypeptide of claim 23, wherein X comprises
c/D’ D’ H K L polypeptide segments having the amino acid
sequences shown in Figure 31 (SEQ ID Nos. 136-139, 141,
143, 145-147, 160, 161).

37. A polypeptide of claim 23, wherein X comprises
c/D C¢/D’ D’ H polypeptide segments having the amino acid
sequences shown in Figure 31 (SEQ ID Nos. 136-139, 141-
143, 145, 146, 160).

38. A polypeptide of claim 23, wherein X comprises
c/D C/D’ D’ H L polypeptide segments having the amino
acid sequences shown in Figure 31 (SEQ ID Nos. 136-139,
141-143, 145-147, 160).
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39. A polypeptide of claim 23, wherein X comprises
C/D C/D’ D’/ H K L polypeptide segments having the amino
acid sequences shown in Figure 31 (SEQ ID Nos. 136-139,
141-143, 145-147, 160, 161).

40. A polypeptide comprising FBA polypeptide
segments having the amino acid sequences shown in Figure
31 (SEQ ID Nos. 136, 138, 139).

41. A polypeptide comprising FEBA polypeptide
segments having the amino acid sequences shown in Figure
31 (SEQ ID Nos. 136-139, 163).

42. A polypeptide comprising FBA’ polypeptide
segments having the amino acid sequences shown in Figure
31 (SEQ ID Nos. 136, 139, 140).

43. A polypeptide comprising FEBA’ polypeptide
segments having the amino acid sequences shown in Figure
31 (SEQ ID Nos. 136-139, 140, 163).

44. Purified GGF2HBS5 polypeptide.

45. A method for stimulating mitogenesis of a glial
cell, said method comprising contacting said glial cell
with a polypeptide defined by the formula

WYBAZCX

wherein WYBAZCX is composed of the polypeptide
segments shown in Figure 31 (SEQ ID Nos. 136-139, 141-
147, 160, 161, 163); wherein W comprises polypeptide
segment F, or is absent; wherein Y comprises polypeptide
segment E, or is absent; wherein Z comprises polypeptide
segment G or is absent; and wherein X comprises
polypeptide segments C/D HKL, C/D H, ¢/D HL, ¢/D D, C/D!’
HL, ¢/D’ HKL, ¢/D’ H, ¢/D’ D, C/D C/D’ HKL, ¢/D C/D’ H,
¢c/D ¢/D’ HL, ¢/D ¢/D’ D, ¢/D D’ H, ¢/D D’ HL, ¢/D D’ HKL,
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c/p’ D’ H, ¢/D’ D’ HL, C/D’ D’ HKL, ¢/D ¢/D’ D’ H, C/D
¢/D’ D’ HL, or C/D C/D’ D’ HKL.

46. A method for stimulating mitogenesis of a glial
cell, said method comprising contacting said glial cell
with a polypeptide comprising FBA polypeptide segments
having the amino acid sequences shown in Figure 31 (SEQ
ID Nos. 136, 138, 139).

47. A method of stimulating mitogenesis of a glial
cell, said method comprising contacting said glial cell
with a polypeptide comprising FBA’ polypeptide segments
having the amino acid sequences shown in Figure 31 (SEQ
ID Nos. 136, 138, 140).

48. A method of stimulating mitogenesis of a glial
cell, said method comprising contacting said glial cell
with a polypeptide comprising FEBA polypeptide segments
having the amino acid sequences shown in Figure 31 (SEQ
ID Nos. 136-139, 163).

49, A method of stimulating mitogenesis of a glial
cell, said method comprising contacting said glial cell
with a polypeptide comprising FEBA’ polypeptide segments
having the amino acid sequences corresponding to
polypeptide segments shown in Figure 31 (SEQ ID Nos. 136-
138, 140, 163) to glial cells.

50. A method of stimulating mitogenesis of a glial
cell, said method comprising contacting said glial cell
with GGF2HBSS5 polypeptide.

51. A method of stimulating mitogénesis of a glial
cell said method comprising contacting said glial cell
with a compound which specifically binds the p185™%

receptor of glial cells.
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52. A method of stimulating mitogenesis of a glial
cell, said method comprising contacting said glial cell
with a polypeptide, comprising EGFL1l, having the amino
acid sequence shown Fig. 38, Seq. ID No. 154.

53. A method of stimulating mitogenesis of a glial
cell, said method comprising contacting said glial cell
with a polypeptide, comprising EGFL2, having the amino
acid sequence shown in Figure 39, Seqg. ID No. 155.

54. A method of stimulating mitogenesis of a glial
cell, said method comprising contacting said glial cell
with a polypeptide, comprising EGFL 3, with the amino
acid sequence shown in Fig. 40, Seq. ID No. 156.

55. A method of stimulating mitogenesis of a glial
cell, said method comprising contacting said glial cell
with a polypeptide, comprising EGFL4, with the amino acid
sequence shown in Fig. 41, Seq. ID No. 157.

56. A method of stimulating mitogenesis of a glial
cell, said method comprising contacting said glial cell
with a polypeptide, comprising EGFL5, with the amino acid
sequence shown in Fig. 42, Seqg. ID No. 158, to glial
cells.

57. A method of stimulating mitogenesis of a glial
cell, said method comprising contacting said glial cell
with a polypeptide, comprising EGFL6, with the amino acid
sequence shown Fig. 43, Seq. ID No. 159.

58. A method for the prophylaxis or treatment of a
pathophysiological condition of the nervous system in a
mammal in which said condition involves a cell type which
is sensitive or responsive to a polypeptide of claim 1,
18, 19, 20, 21 or 22, said method comprising
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administering to said mammal an effective amount of said
polypeptide.

59. A method as claimed in claim 58, wherein said

condition involves peripheral nerve damage.

60. The method as claimed in claim 58, wherein said

condition involves glia of the central nervous system.

61. A method of stimulating mitogenic activity in a
glial cell, said method comprising applying 35 kD
polypeptide factor isolated from the rat I-EJ transformed
fibroblast cell line to said glial cell.

62. A method of stimulating mitogenic activity in a
glial cell, said method comprising applying 75 kD
polypeptide factor isolated from the SKBR-3 human breast
cell line to said glial cell.

63. A method of stimulating mitogenic activity in a
glial cell, said method comprising applying 44 kD
polypeptide factor isolated from the rat I-EJ transformed
fibroblast cell line to said glial cell.

64. A method of stimulating mitogenic activity in a
glial cell, said method comprising applying 45 kD
polypeptide factor isolated from the MDA - MB 231 human
breast cell line to said glial cell.

65. A method of stimulating mitogenic activity in a
glial cell, said method comprising applying 7 to 14 kD
polypeptide factor isolated from the ATL-2 human T-cell
line to said glial cell.

66. A method of stimulating mitogenic activity in a
glial cell, said method comprising applying 25 kD
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polypeptide factor isolated from activated mouse

peritoneal macrophages to said glial cell.

67. A method of stimulating mitogenic activity in a
glial cell, said method comprising applying a 25 kD
polypeptide factor isolated from bovine kidney to said
glial cell.

68. A method of stimulating mitogenic activity in a
glial cell, said method comprising applying ARIA
polypeptide to said glial cell.

69. A polypeptide having a glial cell mitogenic
activity wherein said polypeptide encoded by the DNA
sequence of claim 1, said polypeptide obtained by a
method comprising cultivating modified host cells under
conditions permitting expression of said DNA sequence.

70. A polypeptide haing a glial cell mitogenic
activity wherein said polypeptide is encoded by the DNA
sequence of claim 18, 19, 20, 21 or 22, said polypeptide
obtained by a method comprising cultivating modified host
cells under conditions permitting expression of said DNA

sequence.

71. Method for identifying the presence of a
receptor for the polypeptide of claim 23, 40, 41, 42, 43,
44 or 69 in a sample comprising contacting said sample to
said polypeptide and determining binding therebetween,
wherein said binding is indicative of the presence of

said receptor.

72. A method for the prophylaxis or treatment of a
glial tumor in a patient, said method comprising
administering to said patient an effective amount of a
substance which inhibits the binding of a polypeptide of
claim 23, 40 41, 42, 43, 44 or 69 to a receptor therefor.



WO 94/00140 PCT/US93/06228

104

73. A pharmaceutical or veterinary formulation
comprising a polypeptide of claim 23, 40, 41, 42, 43, 44
or 69 formulated for pharmaceutical or veterinary use;
respectively, together with an acceptable diluent,

carrier or excipient and/or in unit dosage form.

74. A method for stimulating mitogenesis of a glial
cell, said method comprising contacting said glial cell
with a polypeptide of claim 23, 40, 41, 42, 43, 44 or 69.

75. A method for stimulating mitogenesis of a glial
cell in a vertebrate, said method comprising contacting
said glial cell with an effective amount of a polypeptide
of claim 23, 40, 41, 42, 43, 44 or 69.

76. A method for the prophylaxis or treatment of
pathophysiological condition of the nervous system in a
mammal in which said condition involves a cell type which
is sensitive or responsive to a polypeptide of claim 23,
40, 41, 42, 43, 44 or 69, said method comprising
administering an effective amount of said polypeptide.

77. A method for the treatment of a condition which
involves peripheral nerve damage in a mammal, said method
comprising contacting said peripheral nerves with an
effective amount of a polypeptide of claim 23, 40, 41,
42, 43, 44, or 69.

78. A method for the prophylaxis or treatment of a
condition in a mammal in said condition involves
demyelination or damage or loss of Schwann cells, for
example a neuropathy of sensory or motor nerve fibers,
said method comprising contacting said Schwann an
effective amount of a polypeptide of claim 23, 40, 41,
42, 43, 44 or 69.
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79. A method for the prophylaxis or treatment of a
neurodegenerative disorder in a mammal, said method
comprising contacting glial cells in a mammal with an
effective amount of a polypeptide of claim 23, 40, 41,
42, 44 or 69,

80. A method for inducing neural regeneration
and/or repair in a mammal, said method comprising
contacting glial cells in a mammal with an effective
amount of a polypeptide of claim 23, 40, 41, 42, 43, 44
or 69.

81. A method of inducing fibroblast proliferation,
said method comprising contacting said fibroblasts with a
polypeptide, of claim 23, 40, 41, 42, 43, 44 or 69.

82. A method of wound repair in mammals, said
method comprising contacting said wound with a
polypeptide of claim 23, 40, 41, 42, 43, 44 or 69.

83. A method of making a medicament comprising
admixing a polypeptide of claim 23, 41, 42, 43, 44 or 69
with a pharmaceutically acceptable carrier.

84. A method for producing an antibody, said method
comprising immunizing a mammal with a polypeptide of
claim 23, 40, 41, 42, 43, 44 or 69.

85. A method for detecting a receptor which is
capable of binding to a polypeptide of claim 23, 40, 41,
42, 43, 44 or 69, said method comprising carrying out
affinity isolation on said sample using a said peptide as
the affinity ligand.

86. A method for the prophylaxis or treatment of a
glial tumor in a patient, said method comprising

administering to said patient an effective amount of a



WO 94/00140 PCT/US93/06228

106

substance which inhibits the binding of a polypeptide of
claim 23, 40, 41, 42, 43, 44 or 69 to a receptor
therefor.

87. A method of investigating, isolating or
preparing a glial cell mitogen or gene sequence encoding
said glial cell mitogen, said method comprising
contacting tissue preparations or samples with an

antibody, said antibody prepared as defined in claim 84.

88. A method for isolating a nucleic acid sequence
coding for a molecule having glial cell mitogenic
activity, said method comprising contacting a cell
containing sample with a glial cell mitogen specific
antibody to determine expression of said mitogen in said
sample and isolating said nucleic acid sequence from the
cells exhibiting said expression.

89. The purified GGF2 polypeptide comprising the
amino acid sequence shown in Fig. 45 (SEQ ID No. 167).

90. A purified GGF2 DNA encoding the GGF2
polypeptide whose sequences is shown in Fig. 45 (SEQ ID
No. 167).

91. A method for inducing myelination of a neural
cell by a Schwann cell, said method comprising contacting
said Schwann cell with a polypeptide of claim 23, 40, 41,
42, 43, 44 or 69.

92. A method for inducing acetylcholine receptor
synthesis in a cell, said method comprising contacting of
said cell with a polypeptide of claim 23, 40, 41, 42, 43,
44 or 69.

93. An antibody to a polypeptide as defined in

claim 23.
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94. An antibody to a polypeptide as defined in
claim 40.

95. An antibody to a polypeptide as defined in
claim 41.

96. An antibody to a polypeptidelas defined in
claim 42.

97. An antibody to a polypeptide as defined in

claim 43.

98. An antibody to a polypeptide as defined in
claim 44.

99. An antibody to a polypeptide as defined in
claim 69.

100. A method of purifying a protein with glial cell
mitogenic activity, said method comprising contacting a
cell extract with an antibody of claim 93,- 94, 95, 96,
97, 98, or 99.

101. A method for purifying a protein with glial
cell mitogenic activity, said method comprising
contacting a cell extract with an antibody to a basic
polypeptide factor having mitogenic activity, stimulating
the division of Schwann cells in the presence of fetal
calf plasma, said polypeptide having a molecular weight
of from about 30 kD to about 36 kD, said polypeptide
including within its amino acid sequence at least one of
the following polypeptide sequences:

FKXKGDAHTE

ASLADEYEYMXK

TETSSSGLIXLK

ASLADEYEYMRIK

AGYFAEXAR
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102. A method for purifying a protein with glial
cell mitogenic activity, said method comprising
contacting a cell extract with an antibody to a basic
polypeptide factor having mitogenic activity stimulating
the division of Schwann cells in the presence of fetal
calf plasma, said polypeptide having a molecular weight
of from about 55 kD to about 63 kD, and said polypeptide
including within its amino acid sequence at least one of
the following peptide sequences:

VHQVWAAK

YI FME E XS SG
LGAWGPPAFPVXY
WFVVIEG®GK
ASPVSVGSVQELVQR
VCLLTVAALPPT
KVHQVWAAK
KASLADSGEYMXK
DLLLXYV

EGKVHPQRR A DRK
PSCGRLEKEDSRYIFFME
ELNRKNKPQNIZKTIOQIK KK

103. A method for purifying a protein with glial
cell mitogenic activity, said method comprising
contacting a cell extract with an antibody to a
polypeptide factor having glial cell mitogenic activity
and including an amino acid sequence encoded by:-

(a) a DNA sequence shown in Figures 28a, 28b, 28c
(SEQ ID Nos. 133-135, respectively).
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(b) a DNA sequence shown in Figure 22 (SEQ ID No.
89);

(c) the DNA sequence represented by nucleotides
281-557 of the sequence shown in Figure 28a.

(d) a DNA sequence which hybridizes to the DNA
sequence of (a), (b) or (c).

104. A method for purifying a protein with glial
cell mitogenic activity, said method comprising
contacting a cell extract with an antibody to a basic
polypeptide factor having a molecular weight, whether in
reducing conditions or not, of from about 30 kD to about
36 kD on SDS-polyacrylamide gel electrophoresis, said
polypeptide factor having mitogenic activity stimulating
the division of rat Schwann cells in the presence of
fetal calf plasma, and when isolated using reversed-phase
HPLC retaining at least 50% of said activity after 10
weeks incubation in 0.1% trifluoroacetic acid at 4°cC.

105. A method for purifying a protein with glial
cell mitogenic activity, said method comprising
contacting a cell extract with an antibody to basic
polypeptide factor having a molecular weight, under non-
reducing conditions, of from about 55 kD to about 63 kD
on SDS-polyacrylamide gel electrophofesis, said
polypeptide factor having mitogenic activity stimulating
the division of rat Schwann cells in the presence of
fetal calf plasma, and when isolated using reversed-phase
HPLC retains at least about 50% of said activity after 4

days incubation in 0.1% trifluoroacetic acid at 4°cC.

106. A method of treating a mammal suffering from a
disease of glial cell proliferation, said method
comprising administering to said mammal an antibody of
claim 93, 94, 95, 96, 97, 98, or 99.
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107. A method of treating a mammal suffering from a
disease of glial cell proliferation, said method
comprising administering to said mammal an antibody to a
basic polypeptide factor having mitogenic activity
stimulating the division of Schwann cells in the presence
of fetal calf plasma, said polypeptide having a molecular
weight of from about 30 kD to about 36 kD, said
polypeptide including within its amino acid sequence at
least one of the following polypeptide segquences:

K E
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108. A method of treating a mammal suffering from a
disease of glial cell proliferation, said method
comprising administering to said mammal an antibody to a
basic polypeptide factor having mitogenic activity
stimulating the division of Schwann cells in the presence
of fetal calf plasma, said polypeptide having a molecular
weight of from about 55 kD to about 63 kD, and said
polypeptide including within its amino acid sequence at

least one of the following peptide sequences:

VHQVWAAK
YIFFMEPEAXSSG®G
LGAWGPPAFPVXY
WFVVIEGK
ASPVSVGSVQELVQR
VCLLTVAALPPT
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KASLADSGEYMXK
DLLLXYV
EGKVHPQRRGALDRK
PSCGRLEKEDSRYIFFME
ELNRKNKPQNIKIQ K K

109. A method of treating a mammal suffering from a
disease of glial cell proliferation, said methbd
comprising administering to said mammal an antibody to a
polypeptide factor having glial cell mitogenic activity
and including an amino acid sequence encoded by:-

(a) a DNA sequence shown in Figures 28a, 28b or 28c
(SEQ ID Nos. 133-135, respectively).

(b) a DNA sequence shown in Figure 22 (SEQ ID No.
89);

(c) the DNA sequence represented by nucleotides
281-557 of the sequence shown in Figure 28a.

(d) a DNA sequence which hybridizes to the DNA

sequence of (a), (b) or (c).

110. A method of treating a mammal suffering from a
disease of glial cell proliferation, said method
comprising administering to said mammal an antibody to a
basic polypeptide factor having a molecular weight,
whether in reducing cqnditions or not, of from about 30
kD to about 36 kD on SDS-polyacrylamide gel
electrophoresis, said polypeptide factor having mitogenic
activity stimulating the division of rat Schwann cells in
the presence of fetal calf plasma, and when isolated
using reversed-phase HPLC retaining at least 50% of said
activity after 10 weeks incubation in 0.1%

trifluoroacetic acid at 4°C.

111. A method of treating a mammal suffering from a
disease of glial cell proliferation, said method

comprising administering to said mammal an antibody to
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basic polypeptide factor having a molecular weight, under
non-reducing conditions, of from about 55 kD to about 63
kD on SDS-polyacrylamide gel electrophoresis, said
polypeptide factor having mitogenic activity stimulating
the division of rat Schwann cells in the presence of
fetal calf plasma, and when isolated using reversed-phase
HPLC retains at least about 50% of said activity after 4
days incubation in 0.1% trifluoroacetic acid at 4°C.

112. A vector comprising a DNA sequence of claim 1,
18, 19, 20, 21 or 22.

113. A polypeptide of claim 23, 40, 41, 42, 43, 44,
or 69 for use as a glial cell mitogen.
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GGF-1l 01
GGF-ll 02
GGF-ll 03
GGF-Il 04
GGF-1I 05
GGF-11 06
GGF-Il 07
GGF-ll 08
GGF-ll 09
GGF-ll 10

GF-it 11
GF-ll 12
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Figure 11

Trypsin peptides

KR VHQVWAAK®

KR YIFFMEPEAXSSG
KR LGAWGPPAFPVXY
KR WFVVIEGK"®

KR ALAAAGYDVEK®
KR LVLR®

KR XXYPGQITSN

KRVCLLTVAALPPT
KRDLLLXV

Lysyl Endopeptidase-C peptides
KVHQVWAAK?®
KASLADSGEYMXK®

PCT/US93/06228

Histone H1

Trypsin

(SEQ
(sEQ
(SEQ
(SEQ
(SEQ
(SEQ
(SEQ
(SEQ

(SEQ
(SEQ

(SEQ
(sEq

E8BP EB8EHEH
553 8353%%3

(=)=

45)

: 46)
: A7)
t 48)
: 164)
: 165)
: 166)
: 49)
: 50)
: 53)
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Figure 12

A

GGF-ll 01 VHQVWAAK (SEQ ID RO: 45)
GGF-ll 02 YIFFMEPEAXSSG (SEQ ID RO: 46)
GGF-l1 03 LGAWGPPAFPVXY (SEQ ID RO: 47)
GGF-1l 04 WFVVIEGK (SEQ ID RO: 48)
GGF-l1 08 ASPVSVGSVQELVQR (SEQ ID KO: 49)
GGF-1l 09 VCLLTVAALPPT (SEQ ID KO: S0)
GGF-ll 11 KVHQVWAAK (SEQ ID RO: 51)
GGF-ll 12 KASLADSGEYMXK (SEQ ID RO: 52)
B Novel Factor |l Peptides - others

GGF-I1 10 DLLLXY (SEQ ID RO: 53)
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Comparison of Bruw  -ISA and (125 [[UGR coununy, ..1ethod for the
ONA synthasis assay in Schwann csll cuftures
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Comparison of Br-UdR immunoreactivity and
Br-UdR Iabalied cell number
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Mitogenic responss of rat sciatic nerve Schwann csll t0GGFs

000

mmQO
ST3

Coll aumber/ weli

0 0013 03 o3 4 4
(1T {174 2 11}]

Fig$ s

DNA synthesis in rat sciatic nerve Schwann cells
and 3T3 fibroblasts in the presencs of GGFs
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Mitogenic responss of BHK 21 C13 cells
to FCS and GGFs

eV Iacorporaliten
T 10803 490 am)

1 1 10 100

MIteQen (vi/mi)

Fig§\7

Survival and proliferation of BHK21 C13 call
microcuitures attar 48 hours in presance of GGFs
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Mitogenic response of C6 cails to FCS
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Mitogenic responsa of C6 calls to aFGF and GGFs
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DECLYZRATE OLIGONTCLEZOTIDE PROBES POR FACTOR I AD yACTOR 13

Olige

838
536
$37
538
839
$40
sS4l
$42
843
$44
S48
S46
ss)
s6s
$69
€09
€10
649
€80
€31
€52
€S)
€s4¢
css
€56
659
660
661
662
€63
€64
¢6s
666
694

Sequence

TTYMRGCNGAYGCNCAYAC!
CATRTAYTCRTAYTCRTONGC!
TCYTOIGANGCAATYTCNGT !
TCYTCRCTNGCCATYTONGT !
CCDATNACCATNGGNACYTT!
GONGCCCANACTTGRTGNAL!
GCYTONGGYTCOATRAARAA!
CCYTCDATNACNACRAACCA!
TONGCRARTANCOIGE
GONGONAGKCCYTCYTINGS!
GONGCYIANGCYTCY TINGC !
TTYTTHGCTTONAGNACRAAL
TTYTTNGCYTGYAMNACRAA!
TONACNAGYTCYTONAC!
TCHACYAAYTCYTGNAC!
CATRTAYTCHCCNGARTCNGS!
CATRTAYTOQICCRCTRTQIGC!
NGARTCNGCTAANGANGCYTT!
NGARTCNGCHAGNGANGCYTT !
RCTRTCONGCYMNGANGCYTT !
RCTRTCNGCNAGNGANGCYTT
NGARTCNGCYAARCTNGCYTT!
NGARTCNGCNAGRCTNGLYTT !
RCTRTOIGSYMARCTNGCYTT !
RCTRCTHGOUGRCTHGCYTT!
ACHACNGARATGGCTOMNGA!

TTYGTHGTXATEGARGGNAA!
AARGG?GAYGCNCA!ACNG&!
GARGOIYTNGOIGOMTTIOA !
CTHCQUATOIGTHCARGARY?!
GTNCGNAGYGTHCARGARTT!

NACYTTYTTXAREATYTGNCC!

Peptide

Geri-1
«wer1-2
GGri-1
GerI-13
Geri-117
Gerii-1
GGrIl-2
GeriI-4
&eri-11
Geri-1d
Geri-id
Gri-158
6eri-18
GGT1I-8
Geril-$
GGrIl-l2
GGril-1a
GGril-i12
GGrliI-12
GerIl-12
GGriI-12
GGrII-12
ceril-i2
GGrIl-12
GeriI-12
KGrie-ld
GCrI-13
GGrIl-l
GGr1I-4
GGrIi-1
ari-id
KGriz-d
erii-¢
Geri-17

(s
(sm
(sm
(s
(sm
(s;m

-

(sm
(s
(s

HEUPHUPDEUEUEEEDEY
-3-2-2-3-2-3-3-2-8-3-2-2-3-2-3-2-3-

BEEEHEE

8
)

(s;Q Id ¥O:
(seQ I XO:

8
o
3

583
<M=N=
3

883

tBpHBBOBBE
.%-%-2.2-3-2-2-2-3-2

(sm
(€3-4]
(SEQ
(se,

80 08 00 00 60 0o se 00 o

BEE

54)
33)
56)
57)
58)
59)
60)
61)
62)
63)
64)
65)
66)
67)
68)
69)
70)
1)
72)
73)

T 74)

75)
76)
78)
79)

81)
82)
: 83)
: 84)
: 89)
86)
8"
88)
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Acativn bovire fastar 1] G Sopaven

. . . . . . T . . . . . ‘.
uru.uguuuu.nnmnmgmmmnmruu!um‘rmzm*n-rmuvnmm:&u‘ﬂm
* g1 a9 CttaitivieRiLlEerL Vst CRCsilL]

P ACALLL T CALT BT AT TCT CEACAR T4 TAT €T GEALT G TCLICAMACT ALGLAA TGACAT GETTCT ICLMCATUACZATTSTCAATES 200
S tasiissensraceviscesosasaattrivas

R T (a1 AT (LT AT TCTCARTCTCTAMAGGAG T GA TCAASATAT 6T GETLACACTT A TCAELAAT (T CT MMM I CTEAT 308
B eCociLLBatsestseviCcvVCEsaT eV eEtl sy

T AL AL A AALLLLUACT CTAT ETTTELATATCT T4 TCEATCOTECT ETAMMCTCTTCACTCTATALIS TAAM TAMACSTMG 400
*tesgootacriercrLaerP VLT PR IRLE

ATATATATARATIATTT
LI L I |

(SIQ ID WO: 89)

ricoxe 22
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PCT PRIXZIS FOR MACTOR I AXD MACTOR I Qe 23
Degenerats PR primers

Oligo Sequence ( Peptide

€57  CCGAMITCTCCAGCARACNCARCONGAYCONGG! GerI-17 (S ID 30: 90)

€58  AAGCGATCCTCCAGNGTRTANGONCCHATNACCATNGG! GGII-17 (s D 30: 91)
667  CCOMTTCTCOAGCONGATTONCENGARTAYATG! - GGPI1-12 (SQ ID ®O: 92)
€63  CCOMTTCICCACCONGAYATYCGNGARTAYAT! GGril-12 (S Ip 30: 93)
€69  AACGATCCTGOAGNNNCATRTAYTCNCCNGARTC! Geril-12 (SIQ ID 20: 94)
€70  MAGCATCCTCRAGKNNCATRTAYTCONCCRRTRTC! GGriI-12 (S;Q I »0: 995)
€71  CCCATTCTGOAGEAYCARGTNTGSGONGONAAL Goril-1 (Szq Id BO: 96)
€73  CCGAATTCTCOASATRTTYTTYATGGARCQNGARG! CCr1I1-2 (STQ ID 3O0: 97)
673  CCCMTICTCCAGSSCONCQICTIGONTTYCONGT ! GGrilel (St I BO: 98)
€74 COGAMTTCTCAAGTGS TTIGTHGTYATECARGS GoTII~4 (S D »0: 99)
€77  AAGGATCCTGCAGYTTNGCNGSCOAKACYTGRTS! Geril-1 (SIQ ID B0: 100)

€78  AAGGATCCTGOAGGCYTCNGGYTCCATRAARAAL GGYII=3 (S;Q I 20: 101)
€79  AAGSATCCTCOAGACNGGRAANGCHGGNGGNCE! GGrIz-3 (S®m I ¥o: 102)
€80  AAGCATCCTGOAGYTTNCCYTCOATNACNACRAAC!  GGFIZ-¢ (ST I 0: 103)
€81  CATRIAYTCRTAYTCTCNGCAAGGATCCTGCAG! corI-2 (SEQ ID 30: 104)
€82  CCCAMTTCTCCAGAMRGGNGAYCOICAYACNGA! GGrI-] (SEQ I B0: 105)
€83  GONGCYAARGCYRCYTTNGCAACGATCCTGCAG! GGrI-14 (SZQ ID BO: 106)
€84  GONGONAGHGCYTCYTTNGCAAGGATCCTGEAG! GGrI-14 (S| D B0: 107)
€8S  TCNGCRAARTANCCNGCAAGGATCCTGEAG! GorII-1 (SzQ D B0: 108)

Unique PCR primers for Factoer II

Olige Sequencs Comaent

711 CATCOATCTGOACSCTGATTCTCAAGAATATATCTGEA! 3 RAGE (SKQ ID BO: 109)
712 AACGATCCTCCAGCCACATCTCAAGTCGACATCGATT 3' RACZ (S ID BO: 110)
7 CCGATTCTCOACTGATCAGEAMACTAGGAAATCACAL 3I' R (s I Xo: 111)

721 CATCOATCTGEMGCCTIAGTTTGCIGATCACTTTIGCCAC! $' M (S} ID 3O: 112)
722 AAGGATCCTCCAGTATATICTCOMSAM TCAGCCAGTG $' RACE: ANCHORID (s DD m0: 113

728 AACCATCCTCAALGEACGAASTAGGCATCTCTTAL ).oio Y (SIy ID M0: 114)
726 COGIATTCTCOASCAGAMCOTTCSA TTAGCAANGC! X008 A (seq Id M0: 118)
mm CATCCCCGGATCAASASTCAGCASTCICTGSCAA L XONS B+A isﬁ o %: 116

sz I m: 117

772 ATACCCCGOCTCCACACIATCAGATTTCACACACCTCSS !
773 AAGCATCCTCCAGTTTGCACTTCCCACAGACTCCT ANCHORRD (sq ID WO: 118)
77¢ ATACCCGGGCTCCAGATGAGATTTCACACACCTGCGTGA! EXONS B+A (SIQ ID BO: 119)
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Summary of contiguuus GGH11 ¢DNA structures and sequencas

exon ¢ exon b eYon a 8xoN ¢ exon o oxon d
- — . rm — o C//
p 711713
 —
p 487/712
p 711713
\ /" N - p487TI2
p711/713
o 711 N p487/712
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Aternative gene products of putative bovine GGFE

amLﬁL‘ﬁEj[]D:
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QQr-I7 peptil

Peptide
1l-1

11-10

II-03

11-02

I11-¢

1-18

1I-12

1-07

23/65

Atified ia deduced U
of putative bovide OKG7-11 proteins

Pos.

14

rh%

41:

103:

112:

181:

GGLRX

LLTVR

KEDSR

VAGSX

CETSS

ELRIS

Sequencs smatch

VHQVWAAK
HQVWAAK AAGLK

pLLLXV
dslltv RLGAN.

LGAWGPPAFPVXY
lqavghpatpscg RLXED

YIPFMEPZAXSSG
YIFTHEPEANSSG GPGRL

LVIR
LVIR CITSS

EYXCLXFXWFXXATVH
eysslxfkvixngsel SRRX

RASLADSCTNOK
FASLADSGEYMCK VISKL

ASLADEYZYIRK

152: LRISK ssladsgeymck VISKL

ricor 27

(S ID »o:

. (S ID »o:

(sm Id mo:
(s;q I» »O:

(S;Q Id »0:
(s;m I» X0:

(Ssm v mo:

(sm
(s

=]
35

.
.

(Sm ID mO:
(s I »O:

(sq Id »0:
(s Id mo:

PCT/US93/06228

44 sequances

120)

121)

122)
123)

124)
125)

126)

127)
128)

129)
130)

131)
132)
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cnwm;unma;cwuuéxwmtwmmmm&wmrunrmtmu s
ll'llllll'l‘l.'llf'll.llll'l"t

L0 2 LA 0 A CLALETACAT ETTCTTCA T pECLOACLL EALLA CEA 0 UG 06 96 € MRS B S THLSGASCTT R T etlzerT ome
CetLEEsSELYIIPPREPER LEJOECPERLPELLPYDYYS

OO CALEEar L e oA LI CAAEAC LS G TETEEAAL 06T 6 GO 1T RCTT CETETa 1T A aALA TAMALTLIOGASTET ! 300
t o ertreatgecsercavescatLrreiciscsessy

mnmméﬂm’m";wlméﬂﬂmm'“l'“'wuﬂffm «
LesctlvinctrsstrssccrevyrsepLggtuseca

Mtw?w&&mﬁmnéznmtwummmnnmmd ]
('(lll!lll'l(l(llllll.klllll'l‘l'l

1A GO ALAT AZEA0a T CACAETCEET CT AN TACEAT 161 oA TEAMACIITIMGALATECCTACTEER TRCTATTTCTLAS TETCTAMGAE 48
SCLeppgasalltivessettcititatsesinse

A TCAT AT AT TCR TEACACTT CAATCACKCAATTET AR CTEAT 16T GAACALAT LLAAATEA TGAACALUUALLLLLLLAAMALTES 798
vievegate

AT OTCEACT (AL TE TR T SEAMGTCMC TCTACALGA TEEE

(seq @ ™o: 133)
FIGULL 284
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Mimtia u - 4 o ¢ubonl @i &i¢ sogares "

(1A P61 A L ok € oA AL AL COCT AT LT (T QELE 14 1 KALLACLETUTTICTITL 10
.."ll(l‘.lll..\t".l“".""'

'maitwwuﬁa&m;blmmmwcwmﬁm'mpnuﬂmmmm »
Lijeer ecaiL Py

cCer Lt eI 7 I BEP LA

1A ALt Gt i as e T EALCLEAETEE T CEARS 4G TRLAGE T TRCLT GRS G T EMAGAGA TGMGSTUALMICTET 300
0 s s ireteesreavetscatLrretctacsogygy

00T T AT AR E6 TTCEE T LAACEASTIC AT ACTEET CTCTCAAGTTEALT BT TCALOALT CEEAST AN MAGTTT LA 8
s e st ilvitcetrosqrsscterevrepestisety

A CCA AL T A LALLM EALAALTTCERA T LA T AT MG TATICTBGM AT T AT 08
lscastansstracevi

Lttt ttectr ettt

L EAACAT AT ETCEART CAMCICIAGA TELACA TCTACMCTCREACAKCTATCTTSTMMMTE 400

TCALLAAAC TACLAATALASTELLTCT
tves LAttt TagrTsRLYES

$ T L L2t LY

1OOA A L LA AR T 1CTGTCT AT CRACEEEAETCTTCAT GAT GALABAC TTTCAMA TCTTTCAAGA TACTTETICAASTECTIACTTON 00
sttttlrevicsscravegrtisepsaroicccers

TTOACTOLAo LA T CTAST AL €T CEA TGAATCE LA AAEALAGT CETTAAA T AT TTASTCSTCATCECTCRMACTACSTIT 808
f1estctisvrntrvetatgsasnstitviasgtre
QCT100 116 TACACTALET COAE 1622 THICTCTCTCTEECT AL TAGCEEAT e 1CAETCLAT AT TTCTTETTCCECATCTCLETTEMATIEE

el LALACET AA T L8 T ACEA4 T T AACA TTGACT KEETCT GeCT 6T CREATRAGMMATT AACACAACLA TT STATUACT IESTETSTERNTE 1008

AT AR CLEoT TR 4CT AT £ 00T G CTAMACTCEARTET TTCTCAM TR TCTTGATTACTSTEAT aCKACA T TASTECTTCTCACTRAL 1408
AL TCAC R AL TTT A T CLAALALLLLAALLLLLAAALLATCEAT €T E1ACT CEACAT 6T GOCT SCALETCLACTCTASM
(sEQq ID NO: 134)

yiconze 283
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Asietis . = oY ol @ire wid pe of @ }
wm;mmu@uuémuunb»uwc;cw:r&mxmmmrumunm& 108

TeYNaacgaeoltEsLLT YR LOEANVET? AT P

'KM!Mmu&ummww.gcmmw‘&«ummummvm xs
CetiLCe oSOV LI PBREDP €L EsEPSRLIELLDP OIS

nmém:ﬁmmmac.:w:'mmmtumm_munmxmtmmn 300
18 ePLrelceCeoPCALYGBRCALPPIPRBLESRES OO Y

COLACET COALACT AS Y C TYCEE T CE LA GACCAETTCTRAATAC TCCTCTCTCAM T TLAG TGN £ TCLIQALT O0AGT Cae TTALSITTLA LA <8
C et Civisctrissersseereviegegetsaca

] AT AT A LA AC LA T ACAMCTTCACA TTACCMAACTTLCTGACTR MTETRLACUTITATA T 3408
€ P esilclecersscstiaistastanssrrnceer

FOACLAAET 1 0CAAT QLA TELLTCT ACLAMATACIAT T CTCEAR TCAAACICEACA CAATCTAZMCT (S HACLCIATCTTETEAMSTS 8
T LGP 1484 LIt vESLATSTSTAEERLY QS

103 AL CAAALAL T TTET 6T AL TCRACCTA T CTICAT AT A0 GACLTTTCAM TCETTEMMATACTIGICLASTACCTIATS 800
L6tdtlofcvsesestcermvedispegericecscrat

. . . . . . . . . .
1T 1AL CAT 6A 1 CECT Lot LML ACSTAA T CALEAMCTICTALASTACSTCEACTCEL TTICTETCTCTACT G TACSUTETASTESS TS 900
fFTead2cearveagsirstrsIrrLssre’

CITTETIEI LeATCT LT T EECTASAETALATACE T TTTACTIE ICTARCATT LACTACKTCTRLCTAICALATRAMACATTAL 1008
CACAACEEA T TG TATCACT CETCTETCEE AT AR GRACTCTGAGCTACTCET AT SC STAAGELTCEARTETITETGATIGATCTICMTTAC 1160

mwwdutwm&mnu&urmrwnmwtmmmm 10

TeT84TC

(SEQ ID ®O: 135)
ricurx 28C
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FICURL 31

CODING SIGMENTS OF GLIAL GROWTH PACTOR/HIRIGULIN ot

CODING SEGMIXT P:- (spq ID BO: 136)

AGmCCCCCCCCMCHGTCGGMWC‘ICCCGCGCAGGCCAGGAGCGGAGCGGC 60

ccccccrcccaccccncccxoccccaxcccacocrurcccmccmcrm 120

TGCGAGCGCGCCOGACCGAGGCAGCGACAGGAGCGGACCGCGGCGGGMCCGAGGAC‘!‘CC 180

CCAGCOquéGCCAGCAGGAGCCACCCCGCGAGnCGTGCGACCGGGACGGAGCGCCCGCC 240

AGTCCCAGGMCCCGGACCGCACG‘I’NCGTCCCCGCGCTCCCCGCCGGCGACAGGAG&C 300

CCeCOCGEECGOCTCOGCCCEETEUCTOACCTRECTTIA
acrcceeesas MR ININIRIRL NEinl

I IIIII
cchachcctcachcqqccqcthctctc. . CCCCTCqagggac
crcccaccwmcccacmcm 420

AMCTTTTCCCOANGS
i L
PEELLEELTTL lllllll IIIIII L1 ctogectgege
R

360

lllctt:tcccaaacccquccqaqcccttqqaccau. essesecees

X st 2 4
GCGCAG?GMGGC 430
a

CGGGAGCCGTCOGIGRAGA GccﬁﬁmchOGGCGA\ GATGTCCGA
TN IR Hil
cgagageegte ccgegtagage cgcte. cqtcf.ccqchwltqtccqaq xa

tcx&xccxxnncsc:xrvra

AAAGGCAAGGCSAM GGGCGGCM oachCGGGM (Heneryycanerard
Porrpeer reerd |l|||||| llllllllHI ITHITHRRRIL
!qaqqcanqqqaaqqqcaaquqnq%qcqagqctccqqcuqnqccqgn aceq

$40

AGGP’PA

GCTCGCGECCCRAGSTEAG
TRIRIARIN
gcggqcagecagageccaq

559

CODING SIGXDNT & (szQ ID 30: 137)

CCCA amcccc;m cqooccmGMcuchcmmﬂcAcccwc 60
a‘rqvvaa ccx.xxosx.x.-rvn

cCTGGGC CquGCC.ACCCCGCCﬂ‘CCCCTCc‘!‘qCGGGCGCCI‘CMGGAGGACAGQ 120
qLGilGBPA’PSCGIL!!DS!

GGTACA‘rmchNuAgcCCGAGGCCMCAGCchqqCqucchqccqccﬁCccA 180
!zrrnzrzxuss R L P S

CCCTCC“":CCCCC"»..CGAGACGG Gee CMCC‘ICMSMGSACqTCAGCCGGGTGC‘?: 240
RDGPEPQEGGQPGAV‘

LLPPS

)
vé

'n

PN U P oot
T O CAACSO -y
- - -
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f1GURE 31 (coxt.)
CODING SEGNEXT 3:  (sm DD Do: 138)
x.rv'n:.x':nxsotsv'ac-sxr,v-

CC’I'I'GCC’I‘CCCCGCTNNGAGANMGAGTCAGGAGTCNWGGWCTM 60
CLTLTEETE VT TRITINIS L

ccthcctccccqa:tqanqaqatqunqccaqqalthicmcaqqttcculcuq
Q -

x.ac'z-rss:rssx.t.rxv'rxn&

NmCGGNCGAcACQGﬂmMTAﬂCMMGﬂCMGmmwm 120
RN IIIIlHIlIIlIIIlIHllllll T

tcccthqtqtqaaaccnqttctqunctcctct.ctcaqcttcuqtqqttcuqntq

o R

s g L S REK : X 19X R2PG
ccamunummcuwmmumanmmmm 178

TN I IR -
qqaltquttquthanancnnccacaaa tatcaaqatacuuauqcc&qg
N N
CODING SEGMENT A: (seq I 30: 139)
xsz‘nnxéxxs'nao'sctincx-
wcmcummnammmma A
T T Illlllllllllllllllll i
q:aqtcaq‘acttcqcattaaculqcatcactqqctQIttctqqaqaqtln
-dé - . 7 .. - v ° o « ,

vxs'xgcipsx'saux-xw'rzsu'

Acmxmccmcncammumcmmcmawcamﬁam 120
IR ERARAAR HHHHHHH,HIl||||||l TR [T
aqtqatcaqcaaatuqqautqaaqtqcctctqccutatcaccucqtqqutcan

A

< 132

il

cg

CODING SETGWENT A’t (SE DD WO: 140)
'rcrmcricmmm%xmmimmn&rmmhnmm& 60

xsi:.uxsxa'sx.ao
cccrmcrccrcncrrcnocmmcumccanacmmmcmcm 120

scz'yxc'xvxsx:.cxosasax
A‘rrcrmxcurnxrcrccmamxruccmcnocm‘mxcmmccrmca 180

R A1 s e s t

11:'v:s'xchcLL
CCTACTGCGTGETATTICTCAGTETE 240

ACATCACCATTGTCGAGTCWCCSTAAGAGAT

R oo vozox ooz ¥ vl
m s hansoroTIATIAAZITATITIINEATALLS - AASZACSTASSIIIITIMATIIIAN oo
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FICURE )1 (CONT.)

mmuwirmmmmccwmmmmrA'rmnoocrccrc 160

crcrmc,c}mucrccmuccmmrmccmmrxmxncwum a

CODING SEGKENT G: (seq ID ¥O: 141)

txrrcurasrzravvss:spi
AGATCACCA CTCACTGAGA CAGAGTCTCCEA 60

CTGGCN
Hllll LI HHIHHIIIHIH ||IIIllIllIllHlHlIHIII

atcac tqqtatqccaqcctcnctqaaqqtqcatatqtq'tcttcaqaqtctc
I

n x s v s T : c AN X T
c-rmrc-h'r 102
IllllHlllIHI H\l\HIl lHIHHIIIHIl

ttaqaantc:qtatccacaquqqaitnutac

CODING SEGMENT €: (seq Id ¥O: 160)

TSTSTAG?SBLVKCAKISK
TCCACATCTACN GGAGAMAM 60

GCTGGGACA CATCTTCTCAAGTCTGCAGAGAA
| lllll TR IIIIIHIHHIHIHI YR

6tlcatctacatcc:ccactqqqacuqccatc ultqtchqaquqqaqun

v ? Y
mmmmmcmmmmmacmmmnc%cm 120

||||H||

sctTgtyc
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7ICTRZ 31 (COXT.)

CODING SIGXZXT ¢/D: (SEQ DD B0: 142)

A2 cT MV PNKEKYVQ
AAGTGCOAA ’ St ’c:gcxcmaca 7 CTGAGAATGTOCCCATSAMGTCEAL 60
|||l|||||||||||||||||||||| |||||||||||||| |||‘||||L|lll|ll H
aagtgee ctggagcaagatgtac ctgagastgtgcccatgarageecaa

T Qtl
ACCCAAGAA 69

a&ccaagas
|

CODING SEGMENT €/D’: (S D 80: 143)

v ’ 'coui'vu'a'sri°
xcpurTGOR . w

mmw
ﬁ?ﬁ?ﬁﬁﬁ?ﬁﬁmm THEIEY mnuluumuuun

aagtgcccaaatga atcgetgcecaaaa ctacgtaatggcecaget

CODING SEGMENT D: (SR DD %0: 144)

L ] ) L] s L P z .
s 'r - ’agcgw&vmmum 36

CGTCCA
Il IIIlII
l(lillcqll_‘l: lllllllllclwl W g

CODING SEGXNENT D/t (S D §0: 145)

X B L é 1 g s
" aagcatcttgqgattqntttatqgaq 27
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PICURZ 31 (COXT.)

- CODING SIGXENT X! (seq I BO: 146)

xa:i.x.-qunv’x.rxrc:xcxax,
mcmawamxmwcammmcanamm‘?am P
TR lllHlIlllHHlll T PEEEEE
.lgchq;qqaqctquccaqaaqaqlqtqctqlccatalccqqcutctqcatcg(::ccgc
va’cxu&vvv'tcxrxx'q:xx
mmmaammmmwxmwcwcmmmT 120
o Illlllllllllllll I |H||||||H|H||||||| PEEEEEES

Cttqtqqthqcatcat.qtq‘tqtqq‘tqqcctactqcaanccnquaclchquang
A

Lsoinaq'snx°sxnl7uuxv;'
mmccccmwum Wmcmucammumxocc 180
TR ||||IIIIIITH|IH|H|HI TR R
ctqcatquceqtctthqcaqaqccttegqtctqaacqanc:lntquguc;ttqcc

lcrinrn'rrr°:c:AV6x-vu'o§m:um
' CCCCAATCCGCOCCCCGA CGTGCAGCTGGTGAATCAN
Mecqeareerenct eI 11 TN

FEHTLELLE
l&tqqqcct:accatcctncccaccccccqaqutq‘tccaqctqq‘tqutcunequ

sxl-éxss'zxxv:uiA:s°srs
mmvcmmmaccanmmammmmmmm 100
TR I |||||||ll|||||l|| l TR

TR
tctaaaaacqtcatc:ccaqtqaqcauttqttqaqaqaqnqclq q;catccttttec

--------
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FICURL 31 (CONT.)
CODING SZGXEXT Ki (S ID O: 161)

MGGAG}.MCAA\GGCCCAGRGATCCWCQCAMQT

CACCTTAGCTGAGCT
' - KA!RI!CIQI

1 Xx LI A | S |

C‘!‘C.M‘CTTAGAGMCCATI‘CC moomunmu
IASS P!ﬂASY‘l

CODING SZGMENT L: (S ID 30: 147)

!vs°aurirxx'usv'vorirrs'
ccc::GCTcG‘r CCCCMAG 60
H ||||| |||||| T H|| |||||| ||||||||||||||||||
gta q't agccatgaccac cecggctegtatgteace gtag atttccacacyccadg
srx'srrszxs'rvvss'revsx 1
CTCCCCCAAGTCA mcocmm‘c CGCCCGTGTCCA CGGTCTCEAT 120
TN |||||| AL || ||||l|||||||| |||||| H|||
ctcccccaaategee cggaasd qt ccegt

Psxavsrtvlt!lPLLLVTD
GAGGAGAGACCCC’NCTCCTNM 130

COCOTCCATOGCGGTCAGTCCCTTCRTSCAN
111 |I|||Hlll|l|| IHlH TRTRIRIRL JIRL

qccttccatqch ccttcatqqaaquqaqaqacctctacttcthtqaclec
n

P:L'n:xltounxqorxsrlc

ACCACGGCTGCGGGAGAAG. « - TATSA CGTTCOACTS 240
||| |||||||H||||l HIITHERIUR NN EIRRL T
aggctgcgggaga qtttqaccatcac;ctcaqcaqttcaqctccttcu
:ra:xs:szr'r:rx.:x{r:né
CANCCCCGCGCATGAGA ocmccmm AGTGGAGGATGA 300
||||||H||||||| || l” TR 111 |||||||H|||||
aaccecgegca ctqctaqcccct gags gat lqtqqqultqa
:t:rroi 'A PV EELTE
a Tcmu CAGCCGGTTAAGAAACTCACTAL 360
.| | ||| | Hllll | AL
- gagtatgasa cgacccas tacy c tqttuqauctciecn
ssxnaxitxy'ncuxxnax.:n'
TGGT CACATTGCCCKCAGGT’TGCWT {20

CAGCAGCCGGCGGGCCAMMAG GAACCAAGCCCAA
lIllllllHlHlllIlllH\H TR L A

. taqccqchqqccuuqa ccaaqcccaat.qqccacattgctaacagauggugz
N
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PICURL J1 (COXT.)

ouurcxossust:t?to::v
AACTCAGAGAGCGAMCAGAGGATGAMGAGT 440

GGACACAACACAGCCGCTOACA CACA

1 IIHHI TR |llll|||l|l|lll|| LELELLEE FELETLEL

ggacagcaacacadqeteccagage agtaact tcagagagtgaaacagaagatgasagagt
| $ 8§ Q

vr:.xxeur:.xa:x.xa;'

N K

AGGAGAAGATACGC crn cCTGGCCATACAGAACCCECTCGCAGECAGTCTCUAGGEEEE  S40
PEE LR I Hl I ||Hl|l| |I|IIIII TNHNRININ
aggtgaagatacges qqc tacagaacceccctggeagec “ﬂcttq&qqca;c

rarlx.vosn-rlr'rccrqug
CGEAGGA 600

CTGCCTTCCGCCTSS CAGGOGGCTTCTCTC
HIIllIIIIlIIIl! IIIIlIII I|Hl|l|| TR R

acctqccttccqcctqqctqacaqcaqqactaacccaicaqqc:qcttcth;cacaqqa

lx.oanx.scvxlthorxxv-
AGAATTGCAGGCCAGGCTCTCCGGTGTAATCSCTAN TCGCTGTCTAMA 660
IR IIIII||II|| i |ll|||| IIIIIIlIllIlIIIII HELEE THE

lqaaltccaqqccaqqctgtcthtqtaattqctlaCCllqaccctlttqctqtata|||

b <
A‘!‘ATM?}.MGTA‘H‘CCA& 720

ll |Il|| l\ IIlIHllIIIIlIIlI|IIlHllIHIlIlllllllllllllllll

cctalataaacacataqtttcacctq:aaaactttlttttatatlatalaqtlttccacc

AMTTAMCA 733
II|IIIIIH||I

ttaaattaaaca
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FIGURE 31 (COKT.)

Human Coding Segment E: (SEQ ID BO: 163)

ATGA\CA‘P@CGACGC&CCCCQCQCL;L TCCCCGCCTCCOGGCCCCCCGGCCCAGCGLCEC 60
HRDIRRAPRRSGRPGPRAQRP

. .

GCGCTCCGCCGLCOGLTCG n,uu.-c.n:.u. TGCCGCTGCTGCCACTACTGCTELTGCTEGSG 120
CSAARSSPPLPLLPLLLLLC

ACCGCGGLCC xmw;wuuumem TCCCCCGSGEGLCTCS 180
TAALA'PGAAAGNZAAPAGAS

CTCTOCTACTCE TCCCCECCCAGCETOGEATCOGTCCASGAGCT ACCTCAGCGOGECEG 240
ey e s PP SVGSYQELARQTP AR
Mmmcccccmcmmmcmmaoo
vy 1P cecERVEPQRRQQGALTDTREK

W&WWMJW
'AAAAA@BAGAHGGDRBPPAA
ccccci COGGCECTGGGGLOGLCCLL ummmmmm' 420
GPRALGPPARZPLLAANGTV

ccmmccaccéccccocrrmeWWMM 480
e WP T APVEPSAGEPGTETEAPY

CTCCTEANGCTOCACCAGGTCTOOGCCETAANGCCCEGGECTTGAAGAAGGACTCECTS 540
I vV EVvVEQVWAVEAGGLTEKTEKTDSL
CTCACECTOAGCCTOECGACCTO00ECCACCCEGCCTTCCEC TeCTOCGEGAGECTEMAG 600
L T VRLGSTMWGEPAFPPSCGRLEK
cAccAémamAmmmmmccmmcmcmxmcméccm 660
P D S RY 1 PPFPHKEPDANSTSRQATP
CeCOETTCCAGCCTETTTCECCCCTCTOGAGACOOGCCOGAACCTCAAGAMGGAGGTE 720
A PR ASPEPPLETGRNTLTETEKEYV.

AGCCGESTCCTCTCCANGCESTSG 79
S RVLCEKTRSE
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(SIQ I »0: 148) neane 312

GCraBPPS nucleotide sequence and deduced protein sequence

AGTTTCCCeCC0aA CTTOTCCaM CICTGOGCTOGCOCTCACEGEAGACOORACTEE ¢
C800GCTaCCEAGECCATECRAGCOCUcCTTGACOATAATCOECTCTORCIeETe0ce 120
TOCTAGCOETCCEEACCTEACGEAGCAACACAAGEEGACEEC0GC0EEACCEAGEARTES 180
wcmc;&mmmﬂmcxm&acnmwc&acmxméam 240
AG IO CCAGG TOGOCEEaACCaACETTECG TECCOT OO TR eCCeaEC0a0EACACEALAS 300
e e P 360
A CT T TTCCCG AL GCOGA TCOEAGOCCTCGA CECAACT IO TCOCEaSTOROCT TG 420
C0GGAGECETCCECOCAGAGCETGaACT T TCGEGCEAGA TETCCAGCOCACAG A CE o
XK $ ERRE G

AMGGQAGGGGMGGGCGGQAGMGGACCGAGGMGMGW $40
XGKGKGGIKDROSGI!PV,A

COTCEC00CNCEAGECEN GAGATGAAGAGTCAGGACTCT 600
AGGP S PALPPRLETEMNESG QS ;

cmmqamammcmrxm €60
VAGSKLYLRCET S S TITOYSGSULGE

mcmﬁmcuwéacmnuccccmmmcumqm&é 720
! X ¥ rKXGSELSREKNTETPOQUNTITE

AramcMmmdmmcﬁccqucdummciccmné 780
I QX R PGEKSELRTIGSE X ASTEGATCDS

GGAGMTATATGNQMG@MGMCTAGGMNAQWQ?& 840
C!YKC!VI!KLGIDSAIAII

ACTATTETCGAGTCAM CGASATCACCACTGGCATGCCAGCETCAACTEAGAGAICSTAS | 900
TI VIS NRITTGNPIASTE®AT
Gmm&xmcuiumumcnmmccucuinmmd 260
VS s X3 PIRISVSTEGETHNEG®S S

mumdumaucémwwccummmumm 1020
$ T8 TS TAGTSHELYKCAZETES

ACTMT&NMNGAGGCGAWMMGACMMQ 1080
TPCVIGG!CPNV!DLS!PSI

' 'rAcrmmdxcmcccwmacmxmcmammcumcnmumcc 1140
YLCKCP!!PTGDRCQN!VI&

.

AGCTTﬂACiGTACGTCCAC‘TCCC’TTTC’.‘GTC‘TC‘I‘CC:TSMTAGGCSCATSCTCAGTCG 1200
SFYSTSTPFLSLPE'

TG TSI o TT oI I oIS tATIIII T IASATT I STUASASTTAZATICONTTTY  12¢ o)

.o
L

L e R L LT R Lt esmsvanimmas,
; L R L T T R P LR ac N IR N A PR TRy
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FICURL 32 (CONT.) .
mmcmmmaxcmmaccramnmum

Nmmmmuﬂxmramamnmm

;.mc‘mc«\crrrr AMAGMTMWC
A.AMNACCCTAWMGGAGG‘NN?TMGM

CMNACMT}.MGGCCTN

GGGACAGTCCCTCTTCTITAT

tuccacn&acxcmmmxmucvrccmcccmmmm

ACAMATAMCAGAATAMAMMAMMMAMMAL - 1653

1380
1440
1500
1560
1630
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(SZIQ 1D BO: 149) ricoRL 3)

cGT2BPP2 nuclectide sequence and deduced protein sequence

cncucrc%ooqccccqmcnqococmcucuqcxﬂccmmrmc‘ 60
lQV'AlXAGG&“DsLL?VI

mc«qcmcaccémmmcmmmﬂwccaccxuma 130
chucaparrscanx:osm

'rxc&'rmci'rc.xm.\qcéccmccmcmachqcmcchqceqcm
!:rrxzr:aussccrcn:.

CcGAGE 180
? s

ccxcicoc-accocucc'rmcuocmqu\cccoccmmzé 240

CTECtTeeCCeCTCT
et GG QPG AV

LLPPSRDGl’

: c Wcm:muoimwm&mmo& 300
C T 8V AGC

rccmax&mmcocﬁccmmcamnmmmwm 160
s SLEZ? KW

'KL’VLRCI‘X'SB!!

t'rwqu«:éamam.;&uccccmmcmcaqwcamcanmaui 420
s £ L M N xrE Ml XIQK

y X X G
Amcmocchcmcuc}monxmcmmmmmni 480
A A s L ADSGEY

2 P G K s L 1
ANNCAM&NATCAQCALAC‘IAG&WW cacmcmccmamcumﬁ $40
s A8 A ¥ I T T Vv

KCIVISKLGID

CMCqG‘I’GCGCm‘G-CC!‘CCC
QRCALPPILX!IK

cxamcéccamméamxamawmmcmam 600
tsxars‘:sracr:xnvxc;:

ucmmcmcmmicummémcmmmmmcmmi 660
x:xrrcvuccxcruvxnasu

cmu%xmmmmmmmmmmnmmi 720
s c r TG ARrcT RN

> 8 Y LCEK
mc:camiucrccm&cwmumccoummxmcmmmé 780
vrnxvqrq:xcrl:rrcoxc

cmxcrxc&rumaca&cmxamammmmcmﬂ 840
Ql!vxasrtsratrrx.sx.r:

nccccmc}cacmmécsanm%mccoumcccmcimaccué 900
[}

CTCCCTETOECTS TCGCATGAGAACATT 960

MCAcuccéamn-rm&mccrmrcccmxcn\crocccmxmacrccnc 1020

~ aGeT AGATG&S‘X"m&CCA&GTCTMCAmA

c'rcccruo&c*rcc;.crcr'rrcrcwmnczrcurncrcrcnacc.\camxuc 1080

"rccc::'rcxcccxcrccurcxcufmcccmcwcrcw 1140
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(SZQ ID wo: 150) 7ICTRE W

GCraBPPe nucleotide sequence and deduced protein sequence

Gucmcaimccaniccmmmmcmxmcmuunm ¢
X stlL xsxusx.aoscxrxcx
Acmxmc,&mmccmrcacmmccrmccuamcummacrcm 120
S A NITIVESHK

VISKLGKDSA

, m&cammmcacuccmai 130

CGCCACATCCACATCTACA
vKCAEEKTEH K

A 7 sTsTAGTS EL
Mmmicmum&amamcmmmmmcmmmmc 240
'rrcvxccbcruvxol.sx?sg

Ancmrcéucmmémammamcxmxmmmmcm 100
e ArRcTENY P

Yy LeckKca€PG?T :
wcrcmiaccmcm;ccccAmamxcucummmcrcacunac 160
yeERRrRYVYLTIT

KVQ?Q::A::L

mmqammmmrammmamc 420
cxcxxnnvvcxncvvvrcxg

mcmcaimmq&mmmomwaaqmrmmcui 480
xxoxxxnnnannosnas:nu

caccamr&uccraocchcoqocccacucccmmmcccccccmum 540
e R P NPPPENVQ

s N X NV A NG
ccrscmu%mncarmcrmmmmxmcmnmmcxma 600
1

LVﬁQ‘[VSKIV SSSHIVRll

mxcammmaiamummmucnm& 660
AL S8 S srsu!rsrauasrrv

mmmc}ccamdammmmuacmmmmcmc 720
oM E r £ s 118 S

= gt P S B 8

wmﬁm@mxa&uaﬂammwmm 780
nsv:vx:svx:s::ssvrcc
mmmmwwumummwd 840
r:cxn:cncarnzc:srnnx

CMTAGTGMAGA\CATMCCITA‘! 900
4

G CCAGAGARACCCCTGACTCCTACCGAGACTCTE caTAACE

AR!'TPDS!!DSPBSI
- ‘Accrcmcr}.mcxcmwmcucmmcmwcamcucmmcccc 960

Azx.nnuxxsnsxcxoxox.sa

AAcrcucr'ncmcrrcr'rccxﬂccccamacmc.xmm‘uncccmcccc 1020
T H L R A S S I P Ww A S r s K T p W P .

CCCGCCTCGTANTCACCTGTAGAT’I’I’CCA 1080

T'rtAgcucstncrncxccurcxccxc
LCRYVSAHT‘I‘PARK v o F K
c:-.cc::m::‘é:::cuc%cx:cc:c*.'ch:m £gTCZTI0TCCSTITITACEACIAT L odn
‘FSS?YS?PSE!S?? s s T T
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71CULL 34 (CONXT.)

CGGTCAGTCCCI'!‘CGTGGMGAGGAGAGACCCC’NM 1200

CGTCTCCATGCCCTCEATEG
p r VEETEREPLLL

Vs XP§ XAV

OO CGECACCACCECTGAECEACMTATACCACCACGCCCAGEAMTTEMETESTT 1260
VTPPRLRtttbaﬂaoqrusy

AGCMCAGCCTGCCCCCCAGCCCQNAGGATAM 1320
N S L PP S P LRIVTE

CTCAAGAGCCCSTTMGAMACT 1380
Q£ PV EKIXL

CCACTGCAACCCCGCGCATGAG
H CHNGPATEBTESS

GGATCAGGAATATGAACGACCCAGGAGTACGAACCAG
b rzyYyerTTaQELYZTZPA

CAAMAGAACCAAGCCCAATGG TCACATTGCCCACACETT 1440
L r 2T KPNGEHETIAMLERL

CCAGTAACTCAGAGAGCGAAACAGAGGATCA 1500
s E S T TZIODE

CACCAACAGEAGCCES
T N S S R R

GGAATCSACAACAACACAGGCGCTEACA
L XDNJXTGADS SN

AGAGTAGEAGAAGATACGECTTE CCTGGCCATACAGAACCCECTOGCAGECAGTCTCEA 1560
Ry e b e PP LATQNTPLAASLE

SrGGTCEACAGCAGGACTAACCCAACAGGCGGCTTCTCTCE 1620
I VDS RTNTPTGGT? S ?

.MMTCﬁC‘}MCCMGACCC‘ﬂW 1680
AN QD PI AY

GGCCECCECTECCTTCCGE
A APACPR

GCAGGAAGAATTGCAGGCCA
QL rLGQARLSGCVI

CTAAMCCG;.MTACACCCiTAGo\TI‘CACCTGTMCTTTAmTATATMTMAGTAT 1740
.

TCCACCTTAMATTAMCIAAMAL 1764
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YIGURE 35

ECFMVKDLSNPSRYLCKCPNEFTGDRGQNWMASFY 1
l:)CFMVKDLSNPSRYLCKCQPGF'I’GARC'I'ENVT"MKVQ2
ELRAPS — CKCQQEYFGERCGEKSNKTHS 3

QG,EZMKCAEKEKTFCVNGG
QQ_EZQQQAKCAEKEKTFCVNGG
hEGE  ECLRKYKDFCIH - GECKYVK

1(szq ID WO: 151)
2(spq 1D NO: 152)
3(seq 1D ROL 153)
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43/6%

s3an0)
(mWWLNY) TS

1248

RERRENE

Ananoe swabopuw yum paledwod
uonejfioydsoyd auisolA) e 002

9C awndia
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FICURE 37

GG?/EERZGULIN SPLICING VARIANTS

7-3-a/

7-8-A=C-C/D-D
7-8-A-C-C/D-R
7-3-A-C~C/D-B-L
7-B-A=C=C/D~E-X-L
P-B-A-C~C/D~D’ =K _
?-B-A-C=C/D-D’=H-L
?-B=A=C-C/D-D’~E-K-L
7-B-A=C=C/D’=D
7-B=A=C=C/D’~k
?-B=A-C~C/D’=R-L
?-B-A~C~C/D!-E-X-L
_P=B=A=C=C/D’=D’=E
7-B-A~C-C/D’=D’~E-L
7-B=A=C~C/D’ =D’ ~R-K=L
P-B=A=C~C/D~C/D’~D
- peBeA=C~C/D=C/D’~k
?-B-A-C~C/D~C/D’ ~B-L
2-B-A=C=C/D~C/D’-E-K-L
7=B+A=C~C/D=C/D’ =D’ =K
P-B-A=C~C/D=C/D’ =D =E=L
P-B~A=C~C/D~C/D’ =D’ =H-K-L

7-B-A=G=C~C/D-D
7~BeA=G-C~C/D~H
¥-B-A-G-C—C/D=E-L
?-B-A—G-C~C/D~E-K-L
P-B-A—G~C-C/D-D’~B

- P-B=A=G=C~C/D-D’~B-L
7-B-A-G~C-C/D~D’~B=K-L
?-B-A~G-C~C/D’ D
?-B-A-G=C~C/D’~E
?-B-A-G-C~C/D’=B-L
7-B-A=~G~C=C/D’-B-X-L
P-B-A=G=C=C/D’=D’=E
PoB-A=G-C~C/D!=D’~E-L
P-B-A-Q-C~C/D’ =D’ ~E=KeL
?-8-A-G~C-C/D=C/D’=D
7-B-A~G=C~C/D~C/D’ =K
P-3-A=G=C~C/D~C/D’ ~E-L
?-8-A-G~C=C/D~C/D*-E-K-L
?-B-A~G-C-C/D-C/D’~D’~K
?-8-A-G-C-C/D—C/D’ =D’ ~E-L
7-B3-A~G=C-C/D~C/D’ =D’ -E-K-L

y-3-B-A'

Pel=Bep=C=C/D=D
YeleB=A~C~C/D~K
y-X-3-A-C-C/D-E-L
7-E-B-A=C~C/D~E-K-L
P-2+3-A~C~C/D~D’ X
Y-R=-B=A=C=C/D=D/ =Bl
fel=B3-A-C~C/D~D’~E-K-L
y-3-B-A-C=C/D’ <D
Per-B-A-C-C/D’ K
F-X-B-A-C-C/D’-E-L
7-X-B-A~CoC/D’=E=K-L
7-2-B-A-C=C/D’ =D’ X
¥-Z-3-1-C-C/D’ =D’ ~E-L
’.vaolcc-cm tad/’ sfek=L
P-Ze3=A=C~C/D~C/D’~D
F=E=B-A=C~C/D=C/D’ =K
7=E=B=A=C+C/D=C/D’ =L
P~E=BeA=C>C/D=C/D’ ~B=K~L
F=2=-B=-A-C-C/0=C/D’ D/~
Fel=Bed=C=C/D~LC/D! =D’ ~H=L
P=E=B=A~C=C/D~C/D’~D’/-E~X~L

P-2-B-A-G-C—C/D-D
7-8-B-A=G-C~C/D=-1
7-E<BeA~GoC=C/D=E-L
7-2-BeA=G=C=C/D-B-K-L
7-2-B=A=G-C~C/D-D'-&
P-E-B-A~G-C~C/D-D'~K-L
72=BeA=G~C=C/D-D’ -E-K-L
7-E-B-A=G-C~C/D’=D -
2-B=B-A=G-C=C/D’~X
Y-2oBed=G=C=C/D’ =E-L
7-E-B-A-G~C-C/D’~E-X-L
P-E-B-A-G~C=C/D’=D’=}
P-2-B-A=G-C-C/D’-D’~E-L
7-T-B-A=G=C=C/D’ =D’ =E-K+L
P-2-B-A=G=C=C/D~C/D’~D
?-2-B-A-G~C~C/D~C/D’K
-2-3-A=G~C=C/D~C/D’ ~E=L
?-2-B-d=G-C~C/0~C/D’-E-X-L
P-L-B-A~G-C=C/D~C/D’ =D’ ~X
P-E-B-A=G-C~C/D~C/D' D’ =KoL
7-R-B-A=G=C=C/D~C/D’ D’ ~B~K-L
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PICORE 37 (CONT.)

QAY/EXRIGTULIN SFLICING VARIARTS CONTINUID
TeB=A’

E=B=A~C=C/D=D
T-B-A=C=C/D-X
E-B-A-C-C/D-E-L
Z~B=Ad=C~C/D~E-X-L
Z-B=A~CeC/D~D/~H
E-B-A~C=C/0-D!-E-L
E-B-A=C~C/D-D’~H-K-L
B=B-A-C=C/D'<D |
X-B-A~C-C/D! -1

- ZeBed=CeC/D =F-L
!‘!OA-C—C/D'-K.‘.L
X-B-A-C~C/D’~D’-R
X=B-A-C—C/D’ =D’ H-L
3=-B-A=C-C/D’-D’=E-X-L
Z-B=A~C~C/D-C/D’=D
E=B=A=C>C/D=C/D’=B
B=B-A=C=C/D=C/D' =B~L
E~-B=A~C~C/D~C/D’=B=K-L
B~B-A~C~C/D~C/D’-D’~H
2-B-A=CC/D~C/D’ =D’ =H=L
'-‘-“C.C/H/D' -D‘ .H-x.L

2=B~A=G-C=C/D~D
R=B=A~G=C~C/D-}K
B=B-A~G=C~C/D-B-L
Z-B=A-G~C=~C/D~HeX~1,
X=B=A-G—C=C/D=D’~K
B=B=A-G=C—C/D-D’~E-L
Z~B-A=G~C=C/D~D'~H-K-L
ZoB-A-GCC=C/D!=D
Z-B~A~G—~C=C/D’~K
2=-B~A~C~C=C/D'~B~L
l'&‘l-c-C-C/D' =HeK=l
E-B-A=G~C-C/D'=D'H
E-Bed-G~CC/D!=D’=B-L
K=B-A=G=C~C/D’~D’ =E-K~L
2=B~A=C~C~C/D~C/D!=D
X-B-A~G-C~C/D=C/D! =k
R=B-A~G~C—C/D~C/D! =H-L
Z-B~A~G—C-C/D~C/D’ ~H~K-L
Z-B-A-G=C~C/D~C/D’ =D’k
X-B-R=C~C~C/D-C/D! =D’ =K-L
E-B-A=G—C=C/D=C/D’ =D’ =E=~K~L
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EGril

AGCCATCTTS TCAAGTOTGEAGAGMGGAGAAAACTTTCTG TG TAAATGEACSCEAGTES
AT e AL KEKT T CVKGGEC

?ramrci.umcm&uncccrcucxncmmwcmcccauﬁacm
rnvxox.sxpsnxx._c_xcpuzr

ACTGETEATECCTGCCAMACTACGTAATGGCCAGETTCTACAGTACGTCCACTCCCTTT
e e Y VKK AS TP YSTS TP

C'NTCTCTG&CTGMTAG
L s L °Pp L

(SEQ ID NO: 154)

7ICURE 18
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geru

AGCCATCTTE TCANGTOTCCAGAGAAGGAGAAMCTTTCTG TG TGANTGGACGLEAGTES
T X cAatgREKRTTICVNG

ncmcc-rci.ucxcm&aurcccrcumamcmwcrccmcmcm;m
M L s N P S R YLCEKCQPGS

Amcacccicxrcnmicummccammcrcmccmcu:uico:m
e R e r L n v XKV QTQE

GAGCTCTACTAA
£ L Y ¢

(SEQ ID NO: 155)

ricuee 39
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EGrLY

AGCCATC‘IT&TCMGTGTGCAGAGMGGAGMMCTI'T CTGTGTCAATCCAGGCCACTSC
S’HLVXCA!K!KT’CVNGGZC

TTCATCETEAMACACCTTTEAMTCCCTCAAGATACTTG TGCAAGTGCCCAMTGAGTTT
r oy R DD L s NPSRYLCTEKCTP?NTET

AC'I‘CGTGAT&GC‘I‘GCC}.AA.:\C'I‘ACCTM?GGCCAGCTTCTACMAGCGGAGGAGCTCTAC
TGDRCQNYV!AS?-YKAE'ZLY

TAA
.

(SEQ 1D BO: 156)

YIGURE 40
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ZGFL4

AGCCATC?I%TCAAGTG‘NCAGAGMGGAGMWW‘I‘GGAGGCCAGNC
SRLVKCA!K!KT?CVHGGIC

'rrcxrcc'rciucAcmémrcccrmcaucncrcwcmcccmmmm
ruvxn:.sursnvx.cxc_x’xzr

3 .

Amcmm&ccrccmmcmccrumcamAmoarcmacxmu
T ¢ DRCQUNTYV XA y ¥ X E L G I L

TTTATGGAGAAAGCGGAGGAGCTCTACTAA
r X Z XaAazeLY®

(seQ ID KO: 157)

FIGURL 41
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rcrLs
ACCCATCTTE TEAG TE TS CAGAGAAGGAGAMMCTTTCTS TE TGAATGGACGCGAG TGS
S HLVECAELEKEZEKTICVNKGGTEC

T CATCCTOAMGACCTTTCAMTCCCTCAAGATACTTGTGCAAG TGECAACCTCGATTS
' XV KDLSUNPSRTYLCEKCRQPGCT

ACTG-GAGCGAGATGTAC‘NRGMTGTGCCCATGAMGTCCMACCCMGMGNCCCi
T 6 ARCTTZZNVYVZP XTI KVYQTOQELKTCE?P

ATGAGTTTACTCGTGATCOCTOCCAAMACTACS TANTGGCCAGETTCTACAGTACGTCE
NErPTGDRCGNTYVHNAST?PYSTS

ACTCCCTTTCTCTCTCTGCCTCAATAG
T PPFPrLvLsyzyv¥seprpe:

(szq ID NO: 158)

PICURE 42
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ZGrLs

AGCCATC‘!'I’&TCAAG‘I‘Gﬁ&AGAGMGGAGMWN‘NM‘I’GGAGGCGAGNC
SHLVKCA!K!K r cVNGGTELEC

'rrcz\mrciucxccmmrcccrchcnxcmrccucmcmcmcanc
ruvxox.sxpsaxx.cxcqrcr

ACTGGAGCGAGATGTAC‘I'GAGMNNCCCATGMAGTCCAMCCCMGMG‘I’GCCCA
TGARC‘rtNVPHKV_QTQ!.XCP

MTGAG‘I’X‘!RCTGGTGATC&C’NCCMC'IACGTMNGCCAGCTTCTACMAGCGGAG
"!?TGDRCQNYVHASPYKA!

GAGCTCTACTM
L LY ¢

(SEQq ID MO: 159)

FIGURE 43
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Ruclectids sequence and deduced aaino acid sequence of QAFREBSS

. . ..
W...‘.wvw.*mmmm
. . .

MEACLOOOCACOCALETCOCALCATUAGN

M 3 ¥ £ X AP R R 8 G R
Wmum pymeroaresor ey .\mwww;
P'GPZ&Q&POS!A!IIPPLDL

.

L PLLLLLGTA AP CAADMNGN
cCLLTV A PP

»
[ oF of

L L
v L

>

GGrII-9

GAGSCEOC T aCCC OSSO TCOC TOTOC TACTOOTCCCCICOOMICITGAGATCIIT]
B A AP AOAMSV CYX s Va8V
8§ V.G 8 V

rII-3

me
LA
<

s
N

- - 0- . L] .
QB L AQ X ADMY vVEPQLRTZ2
leVQR:\l!V

Jo Y e Vo e e ee m Yorro et Vas Ve S0 Vo coccorcoccoceocccor frr o e e essoines o
QQGALDIKAIAAAGIAOAIO

- - . . . -

o0

b 3
X

<<
e Ko
~dw

I-

X

e e e a e Ve o co Ve mocors r oo lorrroranreoroeresnsac o e m oo
G DRZEP P A A2AG PR ALGEPPATZXZZIEY?

Fepre oyror oot oo Woe c e tavesyr eoopioryre ot lmercacar cpir oo s e ax oot s S
L L AANGT TV ? 8% PTAPV P BB AG

(SEQ ID NO: 167)

FIGURE 45 (1 of 3)
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AP AAPIASPTPIPILEZC®

. . . -

S\t & ¢ e & ke

GG TOAMAGAMGGASI TCAGCCOCTTGC TC TECANGCLC
G R NLXX2R2 VS RVICEIXDRXRCALLUPP

CAN'

GAMCCASTICTAA TACTCCTC TCTCAGAT ICANG TG TTCAMGM TCCGAATCAN
Z TS 8$ XY S SLR?XMWWP X NGDNETZRL

TTCIAASATAAAANICCASGAN
g LXEXZXS QZX 8 A A.06 33X t

.

viuigtk ¢
AR IR
oaarix-é

Yy

MTEANIALAIECACAMTATCAMATCIMAGCCAISAITCAGALTT
¥ 2 X HXPQMNIIKX.IQEXZXP®?OXSSZLUL

RINTIK
X

A 8 L
A 8 L

¢ B YXC X VI SX
¢ 2 ¥ XZXX

TCACEN

TTAGGAIATCALACSTCCCTCTOCCAATA TOFTOCAATCIMCSCTACAICTAC
LG ND S A 8 A K2 TIVEESENAITST

FIGURE 45 (2 of 3)
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1CC&CC1CﬁJJ3&C1ADCCl3C1TOT1LLxR7ﬂZ33:LGAAGGAGAAAACTTTCTU?GTO
8 T TG TS LKL VZEX c A¥XIrxtT?rc v

. . . .

lASCC&DJ33laTUCTTCATOcTOAlAOAC£1TTC&ALCCCC?G:AGLTICTTQTGCA)C
X oagzxcrmnve?D L 8§ X P 8 R YLC X

1!!:!:hAA!G1aTT!lCﬂ!X7n2Nh32:ﬂ3D:Ll&ACTICCTZAS!ZZ!D‘!:TTC!!‘DK’E
c P NZTT?TTGDRCEC QB YV a3 r Yy s

FIGURE 45 (3 of 3)
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